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1) Study methylation of tran's"i:'jaéé’ﬁ derived elements project

Maijority of DNA methylation in human genome is localized in interspersed transposon
derived elements. It is generally believe that eukaryotic cell uses this mecharism to protect its
genome.. In Qa_hc:er, these methyl groups usually decrease and consequently lead to genomic
instability (faster rate of mutations). The mechanism is unknown. We developed a new
iechﬁique to measure the DNA methylation level. We evaluated long interspersed nuclear
element-1 {LINE-1 or L-1) methylation Ievél by our PCR technigue, namely COBRAUNE-L We
evaluated LINE-1 methylation levels of cervical' cancer, ovarian cancer and sera of patients
with hepatoma. Moreover, we reported LINE-1 méthyla_tion status of endogenous DNA double
strand breaks (EDSBs) and proved that EDSB 'methylation levefs are higher than genomes
across all cell types. This ﬁhding is crucial for better understanding the global hypomet-hylation
leading genomic instability mechanism. We 3156 hope this will be an important clue for future
cancer prevention method.
2} Gene‘pfomoter methylation project

Discovering new genes with promoter hypermethylation is‘énother approach to
discover new tumor markers. The findings, indicating the possibility of tumor suppressor
genes, are not only benefit cancer diagnosis but also important for future targeted therapy.
Our first approach was to screen for nasopharyngeal carcinoma {(NPC) tumor suppressor
genes using our previous micro array information. We hypothesized that down regulated
genes that Iocaliéed within loss of heterozygosity regions or known to be other cancer tumor
suppressor genes should possess promoter hypermethylation-in NPC. In addition to three new
genes in NPC, we discovered CCNAT methylation in cervical cancer, TTC12 methylation in
acute lymphobiastic leukemia and also SHP-1 methylation in normal epithelium and

demethylation in psoriasis.

3) Molecular genetics support projects
We collaborated with several young Thai investigators and Yale university. With Yale
University, we produced several articles in population genetics and genetics of drug addiction.

We also help several young Thai investigators to report EGFR

Keywords: DNA méthylation, Genomic Instability, long interspersed nuclear element-1,

Promotor methylation, Endogenous DNA double strand breaks
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- General Concept

Cancer cells are frequently characterized b<y hypomethylation of the genome including
repetitive sequen:::es. This epigenetic process is believed to be associated with several
biological causes and consequences in cancer. Therefore, Iéng interspersed nuclear element-1
(LINE-1 or L1) repetitive sequences demethylation in cancer should result in different clinical
outcomes. Recently, we have déveloped an improved quantitative combined bisulfite restriction
analysis PCR protocol that efficiently evaluates the methylation status of LINE-1s; the method
is referred to as ‘PCR "COBRALINE-T’. This article reviewed what have been learned by
applying this technique to study methylation level of repetitive sequences from several sources
of genomic DNA. We have fou.nd that LINE-1 méthylation patterns among normal tissues are
distinct. Therefore, this epigenstic event may be continuously altered in adﬁ!t tissues by the
process of cellular differentiation. Moreover, we confirmed that global hypomethylation is an
éngoing process that develops during tumor progression, in addition to previohs eyidence of
genomic and LINE-1 hypomethylation occurring as an early event in carcinogenesis.
COBRALINE-1 is a highly effective technique for evaluating the genome-wide level of
methylation, in particular from tissue samples with minute amounts of low quality DNA. The
technique has been applied to study samples from micro-dissected archived. paraffin-
‘embedded tissues and sera of several types of cancer. The COBRALINE-1 technigue
demonstrated its potential to be a tumor marker and a great tool to explore the biology of

global hypomethylation.

- LINE-1 methylation status of endogenous DNA double-strand breaks

DNA methylation and the repair of DNA double-strand breaks {DSBs) are important
processes for maintaining genomic integrity. Although DSBs can be produced by numerous
agents, they also occur spontaneously as endogenous DSBs (EDSBs). lﬁ this study, we
evaluated the methylation status of EDSBs to determine if there is a connection between
DNA methylation and EDSBs. We utilized interspersed repetitive sequence polymerase
chain reaction (PCR), ligation-mediated PCR and combined bisulfite restriction analysis to
examine -the extent of EDSBs and rhethylation at LINE-1 sequences nearby EDSBs. We
tested normal white blood cells and several cell lines derived from epithelial cancers and
leukemias. Significant levels of EDSBs were detectabie in all cell types. EDSBs were also
found in both replicating and non-replicating cells. We found that EDSBs contain higher
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levels of methylation than the cellular genome. This hypermethylation is replication
independent and the methylation was present in the genome at the location prior to the
DNA DSB. The differences in methylation fevels betweén EDSBs and the rest of the
genome suggests that EDSBs are differentially processed, by production, end-modification,

or repair, depending on-the DNA methylation status.

- Detection of LINE-1s Hypomethylation in Oral Rinses of Oral Squamous Celi
Carcinoma Patients

This study aimed to (i) investigate long interspersed nuclear element-1 (LINE-1)
methylation levels of oral squamous cell carcinomas (OSCCs), the major type of oral
malignancies; (i) investigate whether the hypomethylation of LINE-1s can be detected in
oral rinses of OSCC patients. The combined bisulfite restriction analysis polymerase chain .
reaction (PCR) of LINE-1s (COBRALINE-1) was used. We found that tissues from OSCC
spécimens had lower methylation levels of LINE-1s than cells collected from oral rinses of
normal volunteers. Interestingly, cells collected from cral rinses of OSCC patients also
revealed hypomethylated LINE-1s at the same level as OSCC tissues. There was no
difference in the level of hypomethylation among tumors with different stages, locations,
histological grades, history of betel chewing, smoking andfor alcohol consumption. in
conclusion, OSCCs possessed global hypomethylation and this alteration could be
detected from oral rinses of OSCC patients by a simple PCR technique, COBRALINE-1.
Therefore, COBRALINE-1 of oral rinses may be applied for non-invasive detéction of oral

malignancies.

- Serum LINE-1 hypomethylation as a potential prognostic marker for hepatoceltuiar
carcinoma

We investigated the clinical implications’ of global hypomethylation, one of the most
consistent epigenetic chanées in cancer, in the sera of patients with hepatocellular.
carcinoma (HCC). Combined bisulfite restriction analysis PCR was used to assess the
methylation status of LINE-1 repetitive sequences in genomic DNA derived from sera of 85
patients with HCC, 73 pétients with cirrhosis, 20 healthy carriers of hepatitis B virus (HBV)
and 30 healthy controls. Serum genome hypomethylation, the percentage of unmethylated
LINE-1, was significantly increased in patients with HCC (P<0.001). The levels of serum
LINE-1 hypomethylation at initial presentation correlated significantly with the presence of
HBsAg, large tumor sizes, and advanced tumor stages classified by the CLIP score.
Multivariate analyses showed that serum LINE-1 hypomethylation was a significant and
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independent prognostic factor of overall survival. Serum LINE-1 hifpomethylation may

serve as'a prognostic marker for patients with HCC. -

-Line-1 hypomethylation in rﬁuitistage carcinogenesis of the uterine cervix

To evaluate characteristics of global hypomethylation in evolution of cervical
cancer. Eight cases of squamous cell carcinoma (SCC) and seven cases of carcinoma in
situ (CIS) were studied. Each of the SCC samples contained CIS, and all SCC and CIS
samples contained normal ectocervical epithelium. Microdissection was performed to
separate normal epithelium, CIS and SCC prior to DNA extraction. Hypomethytation levels
of long interspersed nuclear elements (LINE-1 or L1) were measured with a combined
bisulfite restriction analysis (COBRA) PCR (polymerase chain reaction) protocol. The
percentage of L1 hypomethylation for SCC, CIS and normal epithelium was compared.
RESULTS: In the SCC cohort, the L1 hypomethylation level showed progressive increase
comparing normal epithelium (59.4 +/- 8.86%) to CIS (64.37 +/- 7.32%) and SCC (66.3 +/-
7.26%) (repeated measurement ANOVA, P = 0.005). A significantly greater L1
hypomethylation level was found in CIS (62.06 +/- 3.44 %) compared to normal epithelium
(B0.03 +/- 3.69 %} (paired t-Test, P = 0.03). No significant difference in L1 hypomethylation
level was noted between CIS of the two sample groups (unpaired t-Test,.\P = 0.2). In our
study, there was a significant correlation between the degree of hypomethylation and
progression from normal éctocervical mucosa to CIS and invasive cancer. Laboratory

assessment of biopsies for this molecular event may have clinical significance.

2) Tﬁsam'sﬁnmn’mﬁﬂﬁy:umﬁaﬁfﬂ'sfuma{ﬂ astin
- Promoter hypermethylation of CCNA1, RARRES1, and HRASLS3 in nasopharyngeal
carcinoma

In search for putative tumor suppressor genes critical of nasopharyngeal carcinoma .
(NPC), we analyzed the available information from the expressioﬁ profiling in conjuncﬁon
with the comprehensive alleotyping published data relevant to this malignancy. Integration
of this information suggested eight potential candidate tumor suppressor genes, CCNA1,
HRASLS3, RARRES1, CLMN, EML1, TSC22, LOH11CR2A and MCC. However, to
confirm the above observations, we chose to investigate if promoter hypermethylation of
these candidate genes would be one of the mechanisms responsible for the de-regulation
of gene expression in NPC in addition to the loss of genetic materials. In this study, we
detected consistent hypermethylation of the & element of CCNA1, RARRES1, and
HRASLS in NPC tissues with prevalence of 48%, 51%, and 17%, respectively. Moreover,
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we found a similar profile of promoter hypermethylation in primary cultured NPC cells but
none in normal nasopharyngedt epithelium or leukocytes, which further substantiate our
hypothesis. Our data indicate that CCNA1, RARRES1, and HRASLS3 may be the putative

tumor suppressor genes in NPC.

- Promoter hypermethylation of CCNA1, RARRES1, and HRASLS3 in nasopharyngeal
carcinoma. _ '

In search for putative tumor suppressor genes critical of nasopharyngeal carcinoma
(NPC), we analyzed the aVailébIe information from the expression profiling in conjunction
with the comprehensive a!Ieoty'fping published data relevant to this malignancy. Integration
of this information suggested eight potential candidate tumor suppressdr genes, CCNA1,
HRASLS3, RARRE.SL CLMN, EML1, TSC22, LOH11CR2A and MCC. However, to
confin the above observations, we chose to investigate if promoter hypermethylation of
these candidate geheé would be one of the mechanisms responsible for the de-regulation
of gene expression in NPC in addition to the loss of genetic materials. In this study, we
detected cdnsistént hypermethylation of the 5 element of CCNA1, RARRES1, and
HRASLS in NPC tissues with prevalence of 48%, 51%, and 17%, respectively. Moreover,
we found a similar profile of promoter hype’rmethy1ation in primary cultured NPC cells but
none in normal nasopharyngeal epithelium or leukocytes, which further substantiate our
hypothesis. Our data indicate that CCNA1, RARRES1, and HRASLS3 may be the putative

tumor suppressor genes in NPC.

- Hypermethylﬁtion of TTC12 gene in acute lymphoblastic leukemia

" Human chromosome 11923 may locate an important tumor suppressor gene
associated leukaemia. This study proposed methylation of CpG island in tétratricopeptide
repeat domain 12 (77C12) gene located in this region was specific to leukaemogenesis.
Whereas the gene was methylated in some leukaemic cell lines, Daudi, Jurkat and Molt4,
no methylation was observed in epithelial cell lines, Hela, SW480 and HN12. Moreover,
we tested 29 acute lymphoblastic leukaemia (ALL), normal white blood cells (WBC) and
eight remission bone marrows. The TTC12 is hypermethylated in most ALL b"ut not in
WBC and the bone marrows. The TTC12 methylation level of ALL, meén 59.41, 73.45 and
44.87% of B-ALL, T-ALL, and ANLL, respectively, was more than normal WBC, mean
9.42%, (p<0.0007). The methylation level also inversely correlated with expression of the
gene in both in cell lines and clinical samples. We found significant increase in expression
of TTC12 in hypomethyiated bl;t not in hypermethylated cases. TTC12 posseéses two
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conserved domains have been found including the tetratricopeptide repeat domain and the
armadillo repeat domains and may be important ranging from cell cycle control to signal
transduction, kinase regulation and tumorigenesis. Therefore, methylation of TTC12 may

be important in leukaemogenesis,

- SHP-1 promoter 2 methylation in normal epithelial tissues and demethylatibn in -
psoriasis

SHP-1 promoter hypermethylation has been studied in hematopoietic >cells'and
observed only in various types of Iympﬁoma and leukemia. This étudy reports a contrasting
situation in normal epithelial tissues and an association with skin pathogenesis, particularly
in psoriasis. We investigated several cell lines, five of them were epithelial and six were
. hematopoistic, white blood cells from ndrmai, Healthy donors, and normal microdissected
.epithelium of kidney, liver, breast, cervix, lung, prostate, bladder, and skin. Interestingly,
promoter 2 hypermethylation was apparent in all epithelial cell lines and tissues. However,
. distinctive degrees of demethylation were noted in some skin samples. The methylfation
patterns of each cell line corresponded to their mRNA isoforms, in that isoforms ! and 1l
could not be detected with eif_her promoter 1 or 2 Hypermethylation, respectively. We
further explored whether an enhanced degree é;f demethylation could be observed in
" various dermatopathology lesions. While the promoter- 2 methylation levels of squamous
cell canr;ers, eczemas, and normal skins were not different, e; significant degree of
demethylation can be observed in psoriasis (p<0.005). In addition, psoriasis displays a
higher level of SHP-1 isoform' i than normal skin (p<0.05). In conclusion, this study
discovered an unprecedeﬁted rolé of SHP-1 methylation in tissue-specific expression and
its alteration in a nonmalignant human disease’ besidés the transcription inhibition in
teukemia and lymphoma. Furthermore, the promoter demethylation may play an important
role in skin pathogenesis by enhancing SHP-1 isoform Il transcription in psoriatic skin

lesions.

- Cyclin A1 promoter hypermethylation in human papillomavirus-associated cervical
‘cancer .

- The aim of this study was to evaluate epigenetic status of cyclin A1 in human
papi116mavirus-associated cervical cancer. Y. Tokumaru et al, Cancer Res 64, 5982.7
{Sep 1, 2004)demonstrated in head and neck squamous-cell cancer an inverse correlation
between cyciin'A1 promoter hypermethylation and TP53 mutation. Human papiflomavirus-
associated cervical cancer, however, is deprived of TP53 function by a different
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mechanism. Therefore, it was of interest to investigate the epigenetic aiterations during
multistep carvical cancer developmept.'!n this study, we performed duplex methylation-
specific PCR and reverse transcriptase PCR on several cervical cancer cell lines and
microdissected cervical cancers. Furthermore, the incidence of cyclin A1 methylation was
studied in 43 samples of white blood cells, 25 normal cervices, and 24, 5 and 30 human
papillomavirus—assoc:iatéd premalignant, microinvasive and invasive cervical lesions,
respectively. We demonstrated cyclin_ A1 methylation to be commonly found in cervical
cancer, both in vitro-and in vivo, with its physiological role being to decrease gene
expression, More important, this study demonstrated that not only is cyclin A1 promoter
hypermethylation strikingly common in cervical cancer, but is also specific to the invasive
phenotype in compariscn with other histopathological stages during muiltistep
carcinogenesis. None of the normal cells and low-grade squamous- intraepithelial lesions
exhibited methylation, In contrast, 36.6%, 60% and 93.3% of high-grade squamous
intraepithelial lesions, micreinvasive and invasive cancer;, respectively, showed
methylation. This methylation study indicated that cyclin A1 is a potential tumor marker for

early diagnosis of invasive cervical cancer.

3) Tassmsmiuauwnsd@nsidsnmoanuganans
- Maternal uniparental disomy of chromosome 16 resulting in hemoglobin Bart's
" hydrops fetalis
We describe HbBart's hydrops fetalis with S deletion in a fetus who was a

"3.7 kb .
deletions) and a man

product of a Thai woman affected with HbH disease (—SEA and
with heterozygous HbE. In conjunction with the presence of fetal anomalies (single
uhbilical artery, bilobed right lung, E—md mecke! diverticulum), maternal uniparental disomy
for chromosome 16 {matUPD16) was suspected. DNA fingerprint analysis indicated no
. conflict of patemity. Microsatellite marker analysis confirmed maternal heterodisomy for
chromosome 16 with segmental iscdisomy of 16p13.3 resulted from meiosis | error with
recombination between the homologous chromosomes, as a cause of the HbBart's
disease. Other mutations of alpha1 globin gene previously reported to cause fetal hydrops
were also excluded. Despite being an uncommon genetic event, matUPD16 should be

considered as a possible mechanism for HbBart's hydrops fetalis, especiafly in populations

with high frequency of alpha1 globin gene delstions.
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- Interpopulation linkage disequilibrium patterns.of GABRA2 and GABRG1 genes at
the GABA cluster locus on human chromosome 4 .

GABRAZ and GABRG1, which encode the alpha-2 and gamma-1 subunits,

respectively, of the GABA(A) receptor, are located in a cluster on chromosome 4p. The

GABRAZ locus has been found to be associated with alcohof dependence in several
studies, but no functional variant that can account for this association has been identified.
To understand the reported associations, we sought to understand the linkage
disequilibrium (LD) patterns and haplotype structures of these genes. With close intergenic
distance, approximately 90 kb, it was anticipated that some markers might show intergenic
LD. Variation in 13-SNP haplotype block structure was observed in five different
populations: European American, African American, Chinese (Han and Thai), THai, and
Hmong. In the Hmong, a 280-kb region of considerably higher LD spans the intergenic
region, whereas in other populations, there were two or more LD blocks that cross this
region. These findings may aid in understanding the genetic association of this locus with

alcohol dependence in several populations.

- Demographic changes and marker properties affect detection of human population
differentiation

Differentiating genetically between populations is valuable for admixture and
population stratification detection and in understanding population history. This is easy to
achieve for major continental populations, but not for closely related populations. It has
been claimed that a large marker panel is necessary to reliably distinguish populations
within a continent. We investigated wﬁether empirical genetic differentiation could be
accomplished efficiently among three Asian populations (Hmong, Thai, and Chinese) using
a small set of highly variable mgrkers (1'5 tetranudleotide and 17 dinucleotide repeats).
RESULTS: Hmong could be differentiated from Thai and Chinese based on muiti-locus
genotypes, but Thai and Chinese were indistinguishable from each other. We found
significant evidence for a recent population bottleneck followed by expansion in the Hmong
that was not present in the Thai or Chinese. Tetranucleotide repeats were less useful than
dinucleotide repeat markers in distinguishing between major continenta! populations (Asian,
European, and African) while both successfully distinguished Hmong from Thai and
Chinese. CONCLUSION: Demographic history contributes‘ significantly to robust detection
of intracontinental population structure. Populations having experiencéd a rapid size
reduction may be reliably distinguished as a result of a genetic drift -driven redistribution of
population allele frequencies. Tetranucleotide markers, which differ from dinucieotide
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markers in mutation mechanism and rate, are similar in information content to dinucleotide
markers in this situation. These factors should be considered when identifying populations
suitable for gene mapping studies and when interpreting interpopulation relationships

based on microsatellite markers.

- Sequence variation and linkage disequilibrium in the GABA transporter-1 gene
(SLC6A1) in five populations: implications for pharmacogenetic research

| GABA transporter-1 (GAT-1; genetic locus SLCBA1) is emerging as a novel target
for treatment of neuropsychiatric disorders. To understand how population differences
might influence strategies for pharma'cogenetic studies, we identified patterns of genetic
variation and linkage disequilibrium (LD} in SLC6A1 in five populations representing three-
continental groups. RESULTS: We resequenced 124 kb of SLCBA1, including the
promoters, exons and flanking intronic regions in African-American, Thai, Hmong, Finnish,
and Eurobean-American subjects (total n=40). LD in SLC6A1 was examined by genotyping
16 SNPs in larger samples. Sixty-three variants were identified through resequencing.
Common population-specific variants were found in African-Americans, including a novel
21-bp promoter region variable number tandem repeat (VNTR), but no such variants were
found in any of the other populations studied. Low levels of LD and the absence of maijor
LD blocks were characteristic of all five populations. Africah-Americans had the highest
genetic diversity. European-Americans and Finns did not differ in genetic diversity or LD
patterns. Although the Hmong had the highest level of LD, our results suggest that a
strategy based on the use of tag SNPs would not translate to a major improvement in
genotyping efficiency. CONCLUSION: Owing to the low level of LD and presencé of
recombination hotspots, SLC6A1 may be an example of a problematic gene for association
and haplotype tagging-based genetic studies. The 21-bp promoter region VNTR
polymorphism is a putatively functional candidate allele for studies focusing on variation in

GAT-1 function in the African-American population.

- High frequency of mutation of epidermal growth factor receptor in lung
adenocarcinoma in Thailand

Recent reports have suggested influences of racial difference on the frequency of
mutation of EGFR in lung cancer. We therefore sought to characterize the frequency and
pattern of mutation of EGFR in lung adenocarcinoma in Thai patients. Overall, EGFR
catalytic domain mutations were detected in 35/61 (57.4%). We found 29/60 (48.3%) of
exon 19 deletions, 5/54 (9.3%) of exon 21 point mutations, and 1/54 (1.9%) of double-
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mutation of both exons. The presence of these mutations was significantly associated with
non-smoking habit. In summary, we report a strikingly high prevalence of mutation of
EGFR in Thai lung adenocarcinoma, which may explain the high response rate to the

treatment with TKI among Asian populations.
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ABSTRACT

DNA methylation and the repair of DNA double-
strand breaks (DSBs) are important processes for
maintaining genomic integrity. Although DSBs can
be produced by numerous agents, they also oceour
spontaneously as endogenous DSBs (EDSBs). In
this study, we evaluated the methylation status of
EDSBs to determine if there is a connection between
DNA methylation and EDSBs. We utilized inter-
spersed repetitive sequence polymerase chain reac-
tion (PCR), ligation-mediated PCR and combined
bisulfite restriction analysis to examine the extent of
EDSBs and methylation at long interspersed nuclear
element-1 (LINE-1) sequences nearby EDSBs. We
tested normal white blood cells and several cell lines
derived from epithelial cancers and leukemias. Sig-
nificant levels of EDSBs were detectable in all cell
types. EDSBs were also found in both replicating and
non-replicating cells. We found that EDSBs contain
higher levels of methylation than the cellular genome.
This hypermethylation is replication independent
and the methylation was present in the genome at
the location prior to the DNA DSB. The differences
in methylation levels between EDSBs and the rest
of the genome suggests that EDSBs are differen-
tially processed, by production, end-modification, or
repair, depending on the DNA methyliation status.

INTRODUCTION

Vilenchik and Knudson (1) estimated the existence of
endogenous double-strand breaks (EDSBs) and suggested

that EDSBs could account for a substantial fraction of
oncogenic events in human carcinomas. 1If EDSBs do not
arise wniformly or are not processed at equal rates across
the genonie. mutation hot spots should be present (1). Our
study helps to elucidate if DNA methylation influences
EDSBs processing.

Several pieces of evidence suggest that DNA methyla-
tion may play an important role in maintaining genomic
integrity. Genome-wide decreases in DNA methylation
levels commonly occur in cancer (2-5), which leads to
higher rates of mutations and genomic instability {6-8). In
addition to alterations in the number of chromosomes,
hypomethylation can result in chromosomal rearrang-
ements and deletion of DNA, suggesting that DSBs are the
intermediate products (6-8). Moreover, because the muta-
tions occur spontancously, the DSBs should occur endog-
enously. Studies in ICF syndrome (immunodeficicncy,
chromosomal instability and facial anomalies) (9), which is
characterized by loss-of-function mutations in the cytosine
DNA methyltransferase DNMT38B, and Wilm’s tumor (10)
demonstrated a direct association between loss of DNA
methylation and rearrangements in the pericentromeric
heterochromaiin. Therefore, hypemethylation could lead
to spontaneous mutations in ¢is, which are the epigenetic
and genetic events occurring on the same chromosome.
Consequently, evaluating methylation status of EDSBs
may provide clues to better understanding how DNA
methylation helps maintaining genomic integrity.

To determine whether DNA methylation affects
EDSBs, we first developed a set of novel techniques to
analyze the extent of methylation in genomic EDSBs.
These techniques were devised from interspersed repetitive
sequence (IRS) polymerase chain reaction (PCR) (10,
ligation-mediated (LM) PCR-based assays (12-14) and
combined bisulfite restriction analysis (COBRA) for
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genome-wide methylation level analysis {4,5,15). LMPCR
is a commonly used PCR technique designed (o analyze
locus-specific EDSBs during lymphoid development,
such as V(D)J recombination (14,16,17) and hypermuta-
tion {18). LMPCR has also been used to detect DNA-
associated proteins or chromatin accessibility to such
proteins (19,20), and this technique has shown previous
utility in genome mapping research (21,22). With these
new assays, we evaluated the relationship between DNA
mcthylation and EDSBs.

MATERIALS AND METHODS
Cells, cell lines and culture

Cell lines used were Hela (cervical cancer), SW430
(colorectal adenocarcinoma), K362 (erythroleukemia),
Daudi {B lymphoblast), Jurkat (T-celi teukemia) and
Molt4 (T lymphoblast) (ATCC, Manassas, VA, USA).
HelLa cells were synchronized at GO phase by culture in
serum deprivation medium, Dulbecco’s modified Eagle’s
medium plus 0.2% fetal bovine serum, for 48 h. HeLa cells
in GI/S and S phase cells were synchronized by the
thymidine block method, and were cultured with 2 mM
thymidine (Sigma-Aldrich. St Louis, MO, USA) to obtain
cells at G1/S phase (23). Flow cytometry was used to
determine stages of the cell cycle as well as fragmented and
apoptotic cells. One millimotar of H,O, wis added for
24h to induce apoptosis. For radiation treatment, the
medium of GO phase HeLa cells was replaced with 15ml
of ice-coid medium, and cells were exposed to y- with a
8Ca source {Eldorado78).

High-molecula'r weight DNA preparation

To preparc high-molecutar weight (HMW) DNA, 5 x 10°
cells were embedded in 1% low-melling point agarose,
lysed and digested in 400pl of Img/ml proteinase K,
50mM Tris, pH 8.0, 20mM EDTA, 1% sodium lauryl
sarcosine. The plugs were rinsed four times in Tris-EDTA
(TE) buffer for 20min. To polish overhang or cohesive-
end EDSBs, T4 DNA polymerase (New England Biolabs,
Beverly, MA, USA) and dNTPs were added and later
inactivated by adding EDTA to a concentration of 20mM
for 5min followed by rinsing four times in TE buffer for
20min. To analyze blunt-end EDSBs, LMPCR was
performed without T4 DNA polymerasc. The modified
LMPCR linkers (24) were prepared from the oligonucleo-
tides
$-AGGTAACGAGTCAGACCACCGATCGCTCGGA
AGCTTACCTCGTGGACGT-3 and 5-ACGTCCAC
GAG-3. The linkers (50pmol} were ligated 1o HMW
DNA using T4 DNA ligase (New England Biolabs) at
25°C overnight. DNA was extracted from agarose plugs
using a QIAquick gel extraction kit (Qiagen, Basel,
Switzerfand). For lignid DNA preparation, cells or
HMW DNA were incubated in 1% sodium dodecyl
sulfate/proteinase K (0.5 mg/ml), at 48°C overnight and
subjected 1o phenol—<chloroform extraction and ethanol
precipitation. The precipitated DNA was resuspended in
20 pl of TE buffer.

IRS-EDSB-LMPCR

The guantity of IRS-EDSB was measured by real-time
PCR using a.Lightcycler™ instrument (Roche Applied
Science, Indianapolis, IN, USA} with the IRS primcrs,
including long interspersed nuclear elements-1 (LINE-1s
or Lls) primers 5-CTCCCAGCGTGAGCGAC-¥
(outward), 5-AAGCCGGTCTGAAAAGCGCAA-Y
(inward), Alu, Alu-CL2 5-ACTGCACTCCAGCCTGG
GC-¥ or Tiggerl 5-CTCGCTGAAGGCTCAGATGAT
C-37, the linker primer 5-AGGTAACGAGTCAGA
CCACCGA-3Y (24), and the Tagman probe homologous
to the 3' linker sequence (6-fam) ACGTCCACGAGGT
AAGCT TCCGAGCGA (1amra) (phosphate). Amplifica-
tion was performed with 0.5pM of each primer, 0.4pM
Taqman probe, 2U of HotStarTaq (Qiagen, Valencia,
CA, USA), 1x PCR buffer and 10ng of ligated DNA for
up to 40 cycles, with quantification after the extension
steps. Two types of control DNA were used. The first was
a 100-bp oligonucleotide sequence with the 5 linker
sequence and 3 homology to L1 oligonucleotide
sequences. The second was DNA digesied with EcoRY
and Alul and ligated to the LMPCR linkers. The amounts
of EDSBs were compared with the ligated control digested
DNA and reported as LI-EDSB-LMPCR templates per
nanogram of DNA.

COBRA-IRS and COBRA-IRS-EDSB

Ligated HMW DNA was modified with bisulfite using
a standard protocol (25). Bisulfite-modified DNA was
recovered using a Wizard DNA clean-up kit (Promega,
Madison, WL, USA) and desutfonated before PCR ampli-
fication. For PCR COBRA (15) of Lls (COBRA-LI)
(4,5), bisulfite-treated DNA was subjected to 33 cycles of
PCR with two primers, B-Ll-inward -CGTAAGG
GGTTAGGGAGTTTTIT-3 and B-Ll-outward §-RTAA
AACCCTCCRAACCAAATATAAA-Y (4). Applying a
hot-stop technique to prevent heteroduplex amplicons,
«?2P-labeled-bisulfite-L1-outward oligo was added in the
last PCR cycle. The amplicons were doubly digested in
a 10 I reaction volume with 2 U of Tagl and 8 U of Tasl
in 1x Tagl buffer (MBI Fermentas, Vilnius, Lithuania)
at 65°C for 4h. The PCR is designed to detect unmethyl-
ated and methylated L1 sequences of 98 and 80bp,
respectively. The intensity of DNA fragments was mea-
sured with a Phosphorlmager using Image Quant software
(Molecular Dynamics, GE Healthcare. Slough, UK).
The LINE-1 methylation level was calculated as the
percentage of Tagl intensity divided by the sum of Taql-
and Tasl-positive amplicons. For COBRA-LI-EDSB,
the B-Ll-inward oligo was replaced with B-LMPCR
oligo, -GTTTGGAAGTTTATTTTGTGGAT-3, and
40 PCR cycles were carried out according to the same
protocol.. Bisulfite-treated Daudi, Jurkat and Hela
DNAs digested with BcoRV and Alul and ligated
LMPCR tinker were used as positive controls to normalize
the inter-assay variation of all COBRA experiments.
HeLa DNA without ligation was used as a negative
control.
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Southern blot hybridization

Southern blot was performed to compare between 5 g of
Hpall- and Mspl-digested HeLa DNA. LI-LMPCR
amplicons from HMW and Alul-EcoRV-digested Hela
DNA were used as probes. Ll-most-outward primer
sequence was $ TATTCGGCCATCTTGGCTCCT-2.
Competitor DNA, COT-1 DNA, was used to prevent
non-specific DNA hybridization, including sequence from
Lis. Intensities in the >4 kb regions were measured with a
PhosphorImager using Image Quant software (Molecular
Dynamics). Semiquantitative methylation percentage was
reported as the proportion of probes bound to Hpall-
digested DNA to Hpall plus Mspl-digested DINA.

Statistical analyses

Statistical significance was determined according to
an independent sample /-test, a paired sample t-test or
ANOVA using the SPSS program version 11.5as specified.
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RESULTS
Detection of genomic EDSB and methylation

First, we developed a new assay for the detection of
EDSBs. This assay is based on a LMPCR. originally
designed for the analysis of locus and cell-specific EDSBs
(14,i6-18). General EDSBs are believed to occur rarely
and arbitrarily throughout the genome (1). Using repeti-
tive sequences that randomly scatter throughout the
human genome, we can detect genome-wide EDSBs in
proximity to these repetitive sequences. We, therefore,
combined LMPCR with TRSPCR or imter-Alu PCR (11)
using the widely distributed Lis human retrotransposons
(26} into a new assay called ‘L1-EDSB-LMPCR.". In this
assay, linker oligonucleotides are ligated to EDSBs in
HMW DNA preparation and quantitatively analyzed by
real-time PCR using an L1 primer and a Tagman probe
complementary to the linker (Figure 1A). LI-PCR using
a primer in the outward direction will amplify DNA
sequences located outside the repetitive sequences.

ECSE
- L1 sequence
o sy /ACCG oM COGA SEEMSEmm=—
- . Tast
e AATTG mmmm TTGA

Tegq! methylated L
s AATCG mmmn TCGA TM———
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Yagl Tagi Tog|
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Figure 1. L1-EDSB-LMPCR and COBRA-LI-EDSB. {A) Schematic representation of L1-EDSB-LMPCR showing L1 sequence and the ligated
linker at a nearby EDSB. The white rectangle is a Tagman probe complementary to the LMPCR linker. Arrows are PCR primers. (B) The quantity
of EDSBs detected with this method increased direcily with the amount of experimentally induced DSBs, and significant asmounts of EDSBs were
detected in all tested cells but not in cells without ligation. An example of results of feul-time L1-EDSB-LMPCR with tests and controls was
demonstrated. The values 2, 10, $0. 230 and 1250 ure quantitics of restriclion enzyme-digested {EcoRV and Alul) Hela genomes ligated with
LMPCR linker. dH120 is water. Tested templates are HMW DNA from (1) Hela without ligation, (2) Daudi blunt-end-EDSBs ligation, (3) Daudi
polished-end-EDSBs ligation, {4) Jurkat blunt-end-EDSBs ligation and (5) Jurkat polished-end-EDSBs ligation. (C} Schemalic representalion of
COBRA-LI and COBRA-L.1-EDSB, showing L1 sequence ligated by linker at an EDSB. Asrows are PCR primers, with asterisk indicating a-"p-
labeled primer [or COBRA, AACCG and CCGA are L1 sequences; when treated with bisulfite and afier undergoing PCR, unmethylated AACCG
will be converted 10 AATTG (Tasl site) and methylated CCGA to TCGA (Taql site). (D) A typical example of results from COBRA-L! and
COBRA-LI-EDSB experiments indicating that the jntensity between methylated, Tagi and unmethylated, Tasl, bands of EDSBs were higher than
the matched pair genomes. The arrow at 98 bp indicates Tasl-digested unmethylated L1 sequences and the arrow at 80bp indicates Tagl-digested
methylated L1 sequences. —ve is dH20 for COBRA-L] and non-ligated HMW DNA for COBRA-LI-EDSB. Tasl and Taq] are restriction chzymes
added in each experiment.
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Therefore, the sequences yielded from IRSPCR will
represent human genome-wide sequences, including both
unique and repetitive sequences (1 1,21). Increases in the
L1-EDSB-LMPCR products corresponded with  the
amount of control DSBs generated by restriction enzyme
digesting DNA. Without ligation, no L1-EDSB-LMPCR
could be detected. Finally, significant amounts of EDSBs
were detected in all tested cells (Figure 1B).

Next, we developed an assay-to analyze the methylation
level of EDSBs. Previously, we had extensively studied
methylation status of Lls in several cancers and normal
tissues by COBRA-L1. Treatment with bisulfite converts
unmethylated cytosines, but naot methylated cytosines,
to uracils and then thymines after PCR. Therefore,
this bisulfite treatment generates detectable methylation-
dependent changes in the restriction pattern of PCR-
amplified L1 seguences. Methylation level is then
calculated and presented as a percentage of total DNA.
We thus combined 1.1-EDSB-LMPCR with COBRA-LI
by treating linker-ligated DNA with bisulfite before
PCR with Ll/linker primers and restriction analysis
{Figure 1C). With this new ‘COBRA-LI-EDSB’ assay,
we can measure the methylation level of Lis near EDSBs,
which reflects the methylation level of EDSBs in a
genome-wide fashion. The degree of methylation between
genomic L1 and LI-EDSB sequences was examined
by COBRA-LI and COBRA-LI-EDSB, respectively
(Figure 1D).

With these new assays, we first evaluated what types of
cells possess EDSBs and if the quantity of EDSBs reflects
carcinogenic potentials, Using L1-EDSB-LMPCR, sig-
nificant amounts of EDSBs were detected in all samples
from several cancer cell lines, including Daudi, Jurkat,
Molt4, K562, SW480 and Hela cells, as well as in normal
cells, including sperm and white blood cells (WBCs) from
several individuals (Figure 2A). These data suggest that
EDSBs can commonly be found in all cells both normal
and cancer. ’

This assay prepared HMW DNA by in-gel preparation.
This technique has been reported to decrease the number
of DSBs generated during DNA preparation (27) and did
not generate false positives in the LMPCR assay for the
analysis of locus-specific EDSBs (14,18,27). To evaluate
if in-gel HMW DNA preparation breaks genomic DNA,
we compared the vield of the LMPCR from several
sources of DNA, including, in-gel HMW DNA, liquid
DNA, liquid DNA extracted from in-gel HMW DNA
(gel-liquid) and in-gel DNA prepared from liquid DNA
(liquid-get). The quantities of L1-EDSB-LMPCR from
Liquid DNA were higher than in-gel HMW DNA
(Figure 2B). Extracting liquid DNA from a gel increased
the amount of LMPCR template over HMW DNA
(Figure 2B). This result indicates that more DNA breaks
were generated during the liquid DNA preparation
process. Embedded liquid DNA into gel following by
HMW DNA preparation protocol did not increase the
amount of LMPCR template over liquid DNA alone
(Figure 2B). Therefore, in-gel preparation did not generate
significant additional DNA breaks. Moreover, the quan-
tities of LI-EDSB-LMPCR from gel-liquid and liquid—
gel were clearly lower than when LI-EDSB-LMPCR

L1-EDSB-LMPCRs/ng

L1-EDSB-LMPCRs/ng

Figure 2. Discovery and specificity of EDSB-LMPCR. (A) Using
L1-EDSB-LMPCR. significant amounts of EDSBs were detected in all
samples. including. cancer cell lines, sperm cells and WBCs from several
individuals. (B) L1-EDSB-LMPCR of DNA from Hela cells using
different DNA-extraction methods. Gel, liguid, gel-liquid, liquid—gel
and combined are L1-EDSB-LMPCR from DNA prepared in gel,
liquid, extracted liquid DNA [rom gel-embedded HMW DNA,
embedded hquid DNA into gel following by HMW DNA preparation
protocol and 2 x admixture between il of HMW DNA and liquid
DNA. respectively. Data represent means £ SEM.

products from HMW DNA and liquid DNA were
combined (Combined) (Figure 2B). Therefore, the sig-
nificant amounts of LMPCR products from HMW DNA
were not derived from DNA preparation. This experiment
supported the presence of EDSBs.

General characteristics of EDSB-LMPCR

Repetitive sequences have been commonly recognized as
locations of general recombination that destabilize human
cancer genomes (28,29). It is interesting to investigate if
the quantities of EDSBs differ between repetitive and
unique sequences. Full length L1 is ~6 kb {26). LI-EDSB-
LMPCR using the Ll-inward primer will amplify LI
sequences, while the Ll-outward primer should amplify
unique sequences near L1 (11). We observed L1-EDSBs at
similar levels regardless of the directions of LI primers
used (Figure 3A). The data indicate that the amount of
EDSBs does not differ based on the nature of DNA
sequences, between 1.1 repetitive and unique sequences.
We found that IRS-LMPCR using primers for other Llypes
of repetitive sequences, including Alu and Tiggerl, also
vielded significant EDSBs in direct proportions fo their
copy numbers in the human genomes (30) (Figure 3B}
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Figure 3. General characteristics and distribution of EDSB-LMPCR in the human genome. (A) L1-EDSB-LMPCR, using L1-inward and
 Ll-outward primers, was performed in several cell types, and products were ohserved at similar lcvels regardiess of the nature of linked EDSB
sequences, L1, or unique sequences. laward LI-EDSB-LMPCR was normalized by the proportion of LI sequence copies in the human genome
(www.ncbi.nlm.nih.gov). (B) Comparison of the amount of EDSB-LMPCRs using Li. Alu and Tiggerl primers indicated EDSBs in direct
propartions ko their copy numbers in the human genomes, (C) EDSBs were mensured {rom HMW DNA with and without T4 polymerase treatment,
respectively. Significant amount of LI-EDSB-LMPCRs of blunt and polished-cnd EDSBs from cancer ccll lines were identificd. Thercfore, L1-EDSB
ends are heterogeneous, (D) The quantity of EDSBs was not related to the proportion of fragmented cells. Li-EDSB—LMPCR quantity related to the
percent of fragmented cells, documented by flow cylometry. Daudi DNase represents Daudi cells treated with DNase [ before HMW DNA

preparation.

Lis are AT rich, whereas Alu sequences are frequently
located in CG-rich regions {31). Therefore, EDSBs are
widely distributed in the human genome. Tn addition,
becanse EDSBs are thought to occur rarely and randomly
throughout the genome, LMPCR with primers specific
1o unique sequences yielded no positive Jocus-specific
amplicons {data not shown). EDSB ends are heteroge-
neous, as significant quantities of L1-EDSB-LMPCR
products were obtained, including two EDSB types: blunt-
and polished-, blunt plus cohesive, end EDSBs
(Figure 3C). Blunt-end DSBs are DNA that both strands
terminate in a base pair. A cohecsive or overhang is a
stretch of unpaired nucleotides in the DNA end (14,16,17).

The guantity of EDSBs was not related to the propor- ~

tion of fragmented cetls (Figure 3D). Our EDSB-LMPCR
protocol, particularly that for epithelial cells, minimizes
contamination with apoptotic cells because these dying
cells with fragmented DNA (32) usually lose attachment
(33) and are thus washed off before cell collection for
EDSB analysis. While there was positive L1-EDSB-

LMPCR amplification, we were unable to detect any

fragmented DNA or apoptotic cells, as determined by
LMPCR ladder (34) and flow cytomelry (35), respectively
(data not shown). Morgover, the apoptotic genome
possesses normal levels of methylation and may not be
detectable by COBRA-LI-EDSB. Fragmented DNA, as
documented by electrophoresis, was collected from float-
ing apoptotic Hel.a cells after treatment with 1 mM H,0-
for 24h (36). COBRA-LI shows that apoptotic HMW
DNA has similar L1 methylation to living cells, but
COBRA-LI-EDSB yielded amplicons with multiple sizes
that interfere with interpretation {data not shown}.

L1-EDSB-LMPCR under different conditions

We utilized L1-EDSB-LMPCR on cells under differ-
ent conditions known to associate with DSBs. Specifically.
we used radiation and cell cycle synchronization. Radia-
tion, which directly causes DNA damage, increased Li-
EDSB-LMPCR levels directly correlating with the
dosages of radiation used to treat the cells (Figure 4A).
Nevertheless, there were wide ranges of the amount of
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Fipure 4. L1-EDSB-LMPCR under differem. conditions. L1-EDSB-
LMPCR of (A) irradiated HeLa. (B) HeLa cells at G0, GtjS and 0. 3
and 5h after the release into S phase from thymidine block. Control is
without cell synchronization. GO bore the least zmount of EDSBs when
compared with control, *P <0.05 (independent one-tailed r-test). Data
represent means £ SEM.

EDSBs (Figure 4A). This result may be the consequence
of several factors, including DSB end modifications and
DSB repair rate. Therefore, even though L1-EDSB-
LMPCR can detect radiation-induced DSBs, the tech-
nique lacks efficiency in evaluating the precise number of
DSBs generated by radiation.

Because EDSBs were hypothesized to be preferentially
produced in § phase from the conversion of single-strand
lesions (1), we used HeLa cells to assess the frequency of
EDSBs and their methylation status during various cell
cycle stages: GO, G1/8 and S. We found the impact of cell
cycle effect is on the borderline of significance and EDSBs
can be found in GO phase (Figure 4B). Interestingly, there
was a minor decrease in S phase cells (Figure 4B).
Therefore, cell cycle stage is one of the conditions that
may alter the amount of EDSBs. Nevertheless, similar to
radiation the amount of EDSBs during cell phases may
be influenced by several factors in addition to the produc-
tion rate.

Specificity of COBRA-L1-EDSB

Figure 5A demonstrates a reconstitution experiment of
EDSB-LMPCR. Because Daudi cells shows significantly
higher level of genomic methylation than HeLa cells, we
used DNA prepared from Daudi and HeLa cells as rep-
resentative DNA with high and low methylalion, respec-
tively. We added varying ratios of HeLa and Daudi DNA
digested with EcoRV and Alul (ligated to LMPCR linker)
into HeLa genomic DNA. As expected. a COBRA-L1-
EDSB analysis of the digested DNA, regardiess of the
presence of the Hela genome, yielded equivalent levels of
methylation to COBRA-LI1. Furthermore, the methyla-
lion levels in these samples measured by both COBRA-L1
and COBRA-LI-EDSB are increased, which correlates
with the proportion of highly methylated Daudi DNA
contained in that sample (Figure 5A). The higher levels of
methylation, compared to the rest of the genome, are a
charzcteristic of EDSBs but not DSBs randomly gencr-
ated by DNA shearing during sample preparition. Lower
DSB methylation levels of liquid DNA, gel-liquid DNA
and liquid—gel DNA were demonstrated when compared
to HMW DNA (Figure 5B). In contrast to gDNA
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Figure 5. Specificity of COBRA-LI-EDSB. (A) A reconstitution experi-
ment of COBRA-L1-EDSB, COBRA-L| and COBRA-L1-EDSB of the
mixture between Hela and Daudi DNA digested with Alul and EcoRV
and ligated to EDSB-LMPCR linker. The 4:0, 3:1, 2:2, 1:3 and 0:4 arc
proportions of recombinant HeLa:Daudi DNA. COBRA-L1-EDSB I/10
was the mixture between 2ng of linker-ligated DNA and 18ng of Hela
genomic DNA. Because Daudi cells shows significantly higher levels of
genomic methylation compared to Hela cells. we used DNA prepared
from Daudi and HeLa cells as represeniative DNA with high methylation
and low methylation, respectively. We added varying ratio of HeLa and
Daudi DNA digested with EcoRV and Alul ligated to the LMPCR tinker
into HeLa genomic DNA. As expected. the methylation levels of the
digesied DNA, regardless of the presence of the HeLa genome, were
measured by COBRA-L1-EDSB and COBRA-LI, and increascs in final
product correlated with the proportion of highly methylated Daudi DNA,
{B) COBRA-LI and COBRA-LI-EDSE methylation levels in a
comparison of DNA preparation methods. Gel, gel-liguid. liguid and
liquid—gel refer to DNA analyzed via L1-EDSB-LMPCR from DNA
prepared in-gel, extracted liguid DNA from gel embedded HMW DNA,
liguid and embedded liquid DNA into gel following by HMW DNA
preparation protocol, respeciively. COBRA-L1-EDSB methylation levels
of HMW DNA were higher than liquid DNA. COBRA-LI-EDSB
methylation levels of in-gel DNA prepared from liquid DNA, and liguid
DNA prepared from HMW DNA, were lower than HMW but not
different from liquid, Therefore, HMW DNA preparation does not cause
hypermethylated D58Bs. Data represent means = SEM.

prepared from cells cast into low melting point agarose
plugs, the preparation protocol for liquid DNA generates
DSBs (Figure 2B). Therefore, COBRA-L1-EDSB levels
of liquid DNA should be derived from combination
between EDSBs and DNA preparation producing DSBs.
The lower DSB methylation levels of liqguid DNA con-
firmed that the DNA preparaticn producing DSBs possess
lower methylation levels than EDSBs. Moreover. DSB
methylation levels of gel-liquid DNA and liquid—gel DNA
are not different from levels of liquid DNA alone
(Figure 5B). Therefore, higher methylation levels of
COBRA-L1-EDSB, detected from HMW DNA, were
unlikely to be derived from HMW DNA preparation.

EDSBs are ubiquitously hypermethylated

To compare the degree of methylation between L1 and
L1-EDSB sequences, we examined by COBRA-L1 and
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Figure 6. Methylation status of EDSBs. (A) EDSBs posscss higher methylation levels than the rest of the genome, across all iests. A comparison of
COBRA-LI and COBRA-LI-EDSB among cell types demonstrated universally higher COBRA-LV-EDSB methylation levels than the matched pair

COBRA-L1. Digested DNA is from HelLa, Jurkat or Daudi cells, and after

being treated with Alul and EcoRY, it was used for a control. Each dot

represents an individual 1est result of COBRA-LI and COBRA-LI-EDSB. (B} Methylation of EDSBs pre-existed at the break sites. A representation
of results from Southern blot hybridization of Hpall and Mspl digested DNA demonstrates that EDSBs are located in larger Hpall digested HelLa
DNA fragments than experimentally induced methylation-independent DSBs. L1-EDSB are L1-LMPCR probes (rom HMW DNA, representing
EDSBs, while L1-Alul-EcoRY contuins Alul plus EcoRV-digested DNA, representing methylation-independent DSBs. The bar graphs reports the
percentage of hybridization intensities in the >4kb regions of Hpall-digested DNA divided by the summation of those of Hpall and Mspl-digesied
DNA. (C) COBRA-LI and COBRA-LI1-EDSB of Hela cells at GO. G1/S, and 0, 3 and 5h after the release into § phase from a thymidine block.
The control is without cell synchronization. GO cells contained the most significant hypermethylation level of EDSBs when compared belween
COBRA-L!| and COBRA-LI-EDSB, *P <0.03, “*p <0.001 (pair two-tailed rtest). (B) and (C) data represent the mean £+ SEM.

COBRA-L1-EDSB, respectively. We found that, EDSBs
are hypermethylated. Specifically, these data show that the
EDSBs from all tested cells possess higher methylation
levels than the rest of the genome. In our analysis, we
included several cancer cell lines, along with normal sperm
and WBCs (Figure 6A). In contrast, restriction enzyme-
digested DSBs show the same level of methylation
compared to genomic DNA (Figure 6A). The COBRA-
L1-EDSB levels reflect the rate of EDSB synthesis, EDSB
end modification and repair at a given time. Therefore, the
FEDSB hypermethylation means that methylated and
unmethylated DNA may possess distinctive EDSB pro-
cessing (i.e. repair) pathways.

The methylation of EDSBs may have pre-existed
at the break sites

As shown in Figure 6A, the levels of methylation at
EDSBs and the rest of the genomes arc positively cor-
related in all cell lines {# = 0.01; Pearson r = 0.873). We
further proved- the source of DNA methylation around
EDSBs by Southern blot hybridization of HeLa genomic
DNA digested with Hpall or Mspl. The activity of Hpall
is blocked by CpG methylation, while that of the iso-
schizomer Mspl is insensitive (o methylation. Therefore,
hypermethylated DNA is not digested with Hpall and
electrophoretically co-migrates with long DNA fragments.
We arbitrarily used the length of >4 kb to represent long
DNA fragments concentrated in hypermethylated DNA
for subsequent caleulations. We determined the percen-
tage of hybridization intensities in the >4 kb regions of
Hpall-digested DNA divided by the sum of those digested
with Hpall and Mspl. The L1-EDSB-LMPCR products

hybridized to >4kb Hpall-digested DNA fragments in
higher proportions than thhe control, restriction enzyme-
generated DSB-LMPCR products (Figure 6B). Therefore,
EDSBs arc hypermethylated, and the methylation was
present in the genome at this location before the break
itself.

EDSB hypermethylation is replication independent

Because EDSBs can be detected at different levels in all
phases of the cell cycie (Figure 4B), we evaluated the level
of EDSB methylation during cell cycle progression.
EDSBs were hypermethylated in most stages, with GO
being the most significant (Figure 6C). This result implies
that the increase levels of methylation at EDSBs are DNNA
replication independent.

DISCUSSION

Even though molecular characteristics of locus-specific
EDSBs during lymphoid development, such as V(D)J
recombination (14,16,17) and hypermutation (18), have
been described by LMPCR, general EDSBs have not (1).
Conventionally, radiation-induced DSBs can be visualized
as fragmented DNA that migrate out of cells or chro-
mosomes via electrophoresis, using the comet assay 37N
and/or pulsed field gel electrophoresis {38). Nevertheless,
because detection using these techniques requires extensive
damage of DNA and because EDSBs are rare, the sensi-
tivity is likely not high enough for analyzing EDSBs.
The IRS-EDSB-LMPCR technique is able to detect
EDSBs because of the extensive distribution of the IRS
sequences and the sensitivity of real-time PCR. This study
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demonstrates that EDSBs are not only detectable but also
widely distributed. Positive resulis were obtained from all
types of selected TRS sequences. Nevertheless, LMPCR
may not be able 1o detect some subset of EDSBs. LMPCR
preparation requires ligation of a blunt-end DNA linker
to a blunt and phosphorylated DSB end. In this study,
we polished cohesive-end EDSBs by T4 polymerase. We
found that both blunt and overhang cnds are present and
that the majority of EDSB ends are blunt. LMPCR fails,
however, to detect some complex ends that cannot be
polished such as a hairpin loop. Unlike studying V(D)J
recombination (17,27), in this study, we did not apply
Mung Bean nuclease to screen for these end-types because
the enzyme can convert singie-strand lesion into DSBs.

IRS-EDSB-LMPCR is the first method characterizing
EDSBs. Consequently, there is no report of cells with
different levels of EDSBs. Therefore, even though it is
commonly accepted that in-gel HMW DNA preparation
does not significantly affect DNA breaks (27), we per-
formed additional experiments to disregard the possibility
of error. The comparison among liquid DNA preparation,
HMW DNA and combined experiments suggested that
there are no detectable DSBs generated by the HMW
DNA preparation process. Finally, cells treated under dif-
ferent conditions, including, serum deprivation and
temperature (data not shown). altered EDSB levels.
Because the differentially treated cells were processed for
HMW DNA simultaneously, the possibility that the same
DNA preparation method led to bias shearing of the DNA
depending on different prior cellular conditions is remote.

LMPCR detects DSBs directly, while y-H2AX foci
staining aims to detect a cellular response to DSBs.
Therefore, LI-EDSB-LMPCR analysis and staining for
y-H2AX foci may not yield ‘the same information.
For example, a recent report demonstrated that some
genomic regions, particularly heterochromatin, are devoid
of radiation-induced y-H2AX foci (39). Consequently,
L]-EDSB-LMPCR and y-H2AX foci should asscss
radiation-induced DSBs differently depending on chro-
matin structures. In this study, we have demonstrated
that. even though L1-EDSB-LMPCR products increased
after radiation, the correlation to radiation dosage was
not as precise as using y-H2AX foci for detection (40).
One cxplanation for the broad range of results when using
LI-EDSB-LMPCR to detect radiation-induced DSBs
could be that there is a wide variety of biological processes
involved in radiation-induced DSB repairs (41,42).

This study demonstrates that EDSBs are present in all
cell types. Morecover, EDSBs normally possess higher
levels of methylation compared to the cellular genome,
and this methylation pre-cxists at the break sites. These
findings were notl only unprecedented bul also nat gene-
rally expected. Vilenchik and Knudson suggested that the
causes of EDSBs are oncogenic events in human carcino-
mas (1). Moreover, genomic instability can be observed
while cancer genomes are hypomethylated {6-8). There-
fore, it is tempting to hypothesize that EDSBs should occur
more frequently at hypomethylated sequences and, con-
sequently, that COBRA-LI-EDSB should have been
hypomethylated. Nonctheless, IRS-EDSB-LMPCR and
COBRA-LI-EDSB are methods to measure the extent of

methylation at EDSBs during a given time. Therefore, the
LMPCR levels reflect not only the rate of EDSB synthesis
but also EDSB end modification and repair. Therefore,
discovery of DSBs does not exclusively indicate DSB
formation, but, the EDSB hypermethylation finding leads
us to conclude that methylated and unmethylated DNA
possess distinctive EDSB processing (i.e. repair) pathways.
If these pathways have different precision, methylated and
unmethylated DNA should have unequal rate of sponta-
neous mutations. Tn the future, it would be interesting
to explore if and how cells process or repair EDSBs
depending an DNA methylation. This finding may yield an
important cluc to prevent global hypomethylation-induced
chromosomal rearrangements. :

There may be several other mechanisms by which DNA
methylation prevents IRS from inducing DNA rear-
rangements. Repetitive sequences have been commonly
recognized as locations of general recombination that
destabilizes human cancer genomes, particularly when
genetic recombination occurred between different loci
(28,29,43). A deletion at Xist alters chromatin conforma-
tion, usually associated with DNA methylation, of the
inactive X chromosome and this change destabilizes both
X chromosomes (44). In the future, it would be intriguing
to explore if EDSBs play a role in these mechanisms and
whether or not DNA methylation is important in pre-
venting these chromosomal rearrangements.
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“ KEYWORDS = =%, Summary <THis study aimed to (i) investigate long interspersed nuclear element-1 (LINE-1)
g BINEfG - oo w methylation levels of oral squamous cell carcinomas {0SCCs), the major type of oral matignan-
_‘ﬂy?°’?‘°:t.h!!?tl"_"-;f . cies; andi(ii) investigate whether the hypomethylation of LINE-1s can be detected in oral rinses
; g;:t—;::;;;ﬁus' of (_)SCC,p?tiénts. The combined bisulfite restriction analysis polymerase chain reaction {PCR)
: ST L of:LINE-1s(COBRALINE-1) was used. We found that tissues from 05CC specimens had lower

methytation levels of LINE-1s than cells collected from the oral rinses of normat volunteers.
. AN " Interestingly, cells collected from oral rinses of OSCC patients also revealed hypomethylated
R L -~ LINE-1s at the same level as OSCC tissues. There was no difference in the level of hypomethy-
T “lation among tumors with different stages, locations, histological grades, and with a case his-
. L . .. -tory of betel chewing, smoking and/or alcohol consumption. In conclusion, 05CCs possessed
S TR global hypomethylation and this alteration could be detected from oral rinses of OSCC patients
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T B by a simple PCR technique,
L : applied for non-invasive detection of orat malignancies.
® 2008 Published by Elsevier Ltd.
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COBRALINE-1. Therefore, COBRALINE-1 of oral rinses may be

Introduction

The incidence of oral cancers is increasing, especially in
young adults (less than 40 years of age).“? In 2002, cancers
of the orat cavity were found to be the 9th ranking among
global cancers gf various sites, They cccurred in about
2,74,000 patients, not only in developing countries but also
in the developed ones.? Despite the arrival of molecular
biology leading to effective treatment in many types of
cancers, the treatment results of oral cancers are still
not satisfactory. The standard treatment, surgery, not only
causes facial disfiguration and difficulty in eating and
speaking, but also gchieves a low R-year survival rate,
which improved by only 5% (from 54% in 1974—1976 to
59% in 1995—2000).* Although OSCCs are easily gdiagnosed,
most patients were detected in advanced stages which re-
sults in poor survival rates.® Early detection and diagnosis
is important and results in better outcome of the treat-
ment.®? Then, many studies tried to develop techniques
for easy and early detection including (i) clinical examina-
tion with toluidine blue,®~'® methylene blue,"" talonium
chloride staining’? and the use of chemiluminescence'?
(ii) exfoliative cytology studies by brush biopsy'*~*¢ or oral

found not only that cancers exhibited significantly in-
creased levels of hypomethylation compared to their nor-
mal tissue counterparts, but also that normal tissues
from ditferent organs had tissue-specific levels of methyl-
ated LINE-1s. Although oral cancers are included in the
head and neck cancers, these malignancies originate from
different tissue types and rhaypossess different levels of
LINE-1 methylation, The global methylation status of oral
cancers, originating frpﬁ é;q;alé’fnucosa, has not been
clarified. Fidh

The aims of this stidy wete (i) to elucidate global meth-
ylation levels of ozal-,j\d'aljgnancies, and (ii) to investigate if
aberrant global methylation levels can be detected in oral
rinses of aral canceér patients. We studied oral squamous
cell carcinomas(QSCCs), the most common type of oral
malignancie$ occurring ip oral mucosa.’*® In order to inves-
tigate aberrant methylation levels in oral rinses of O5CC pa-
tients, oral rinsgs of normal individuals were used " as
controls” We studied methylation levels of LINE-1s, which
are ‘highly repeated and widely interspersed throughout
the gendmé and represent genome-wide methylation lev-

Leiltjs.f?”-?f‘” The methylation levels of LINE-1s in OSCC tis-
 sues collected from primary lesions and in cells collected

scraping'” and {iii) studies of salivary biochemistry*®? and 3., - from oral rinses of OSCC patients were analyzed. Relation

also molecular biology including search for tumor marhi' ]
ers. 2023 However, histological study which requires surgi-
cal biopsy is still the ""gold standard’’ for diagnhosis.

prove non-invasive methods for reliable early detection.
of aral malignancies. e TF

Epigenetic alterations including global {genoffie:wide)
hypomethylation were reported in many types: of €an-
cers. 227 Although there were evidences that supported
the epigenetic involvement in oral mali'gna_nflcies; global
hypomethylation has not been reported;2®*" Global loss
of methylation is a decrease in methyl‘ated-:"CpG dinucleo-
tides; which are dispersed throughout the whole genome,
in‘both noncoding repetitive sequences and genes.’” Long
interspersed nuclear element-1s-'(LINEf‘j's)'a're highly repet-
itive mobile DNA sequences which distribute randomly
across the entire human genome with:-up to }5\,00,000 cop-

ies and 2000 copies are of full tength.** Thus, methylation

levels of LINE-1s can reﬂect;\_géﬁome—wide methylation lev-
els.?”** Hypomethylation'of LINE-1s has been reported in
several malignancies;. including neuroendocrine tumors,*
fc\arcinomas of the breaét;_,_'lqri'é,, liver, esophagus, stomach,
Colon, urinary bladder prastate, and head and neck. 343
Moreover, hypomethylation levels of LINE-1s can be used
as a prognostic marker for epithelial ovarian cancers,™
cervical cancers® and hepatocellular carcinoma.*® From
our previous study, the combined bisulfite restriction anal-
ysis polymerase chain reaction (PCR) of LINE-1s {COBRA-
UNE-1) can efficiently evaluate the genome-wide

methylation status of LINE-1is in genomic DNA and it repre-
sents the whole genome methylation status.*** We also

f. methylation levels to clinical tumor stages, histological
-&grades,
“alcohol  consumption and betel chewing was

Therefore, it is important to further explore and Ao irﬁa.-.wf*:’inVESKigatEd-

tumor locations and risk factors including smaking,
also

Materials and /rpethods

Patients and ;\amples

Mormat oral rinses were collected from 37 volunteers who
had no pathology of oral mucosa. They were used as con-
trols. Patients histologically confirmed to p\ave 0SCCs were
included in this study. OSCC oral rinses were collected fram
38 OSCC patients before they received any treatment.
Twenty millilitre of sterile 0.9% NaCl solution was gargled
for 155 then spat into a sterile’50-ml closed container and
kept at 4 °C until processed within 24 h. 0SCC tissues were
collected from 69 QSCC patients at the same time when
they had surgical excision or biopsy. The specimens were
immediately frozen in liquid nitrogen and stored at —80°C
until processed to collect DNA. White blood cells (WBCs)
from 12 normal healthy individuals were also collected.
Nine archival paraffin-embedded tissues derived from 05CCs
were obtained and prepared into 5 um-thickness sections on
slides for micro-dissection as’\previously described.** All the
samples were obtained with informed consent under proto-
cols approved by the Ethics Committee, Faculty of Den-
tistry, Chulalongkorn University. Genomic DNA were
extracted from atl the samples and then applied ﬁgr COBRA-
LINE-1.
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Numbers, age, and LINE-1 methylation levels among groups of samples

Table 1

0SCC tissues

Male
32

0SCC oral rinses

Male
24

Normal oral rinses

Male
13

Total
38

Total
69

Female
37

Female
14

Total
37

Femate
24

26—%0
64.96

3590
68.57

26—B1
60.78

25-88
59.37

3588
63.21

25-77
§7.12

20-75

41.78

20-75
41.33

20-75
50.23

Age range {years)
Average age (years)

36.83—49.46
41,78 (2.84)

0.1

7.62—48.47
15.88 (6.60)

0.862

7.62—47.13
36.01 (6.88)

22.82—48.47
35.73 (6.36)

31.60—43.36
37.53 (2.61)

32.24-39.54
0.297

36.95 (1.75)

36.83-46,97 31.60—-43.36
37.87 (2.98)

41.33 (2.36)

17.69-49.46
42.61 (3.50)

Range of % methylation

Average % methylation (5D)

p-value (t -test)

Genomic DNA extraction

DNA from WBCs and microdissected Rarafﬁn -embedded tis-
sues was prepared as previously described.® Cells from oral
rinses were collected by centrifugation at 2500¢, at 4 °C for
15,min. The supernatant was discarded, and cell pellets
were washed with sterile phosphate buffered saline (PBS).
The pellets were then incubated in 1% SDS/proteinase K
{0.5 mg/ml) at 48 °C for 72" OSCC tissues were thawed
on ice and washed twice in sterile PBS, then cut into small
pieces and incubated in 1% SD5/proteinase K (9.5 mg/mt)
at 48 °C for 72 h. The digested cell pellets or tissue and fluid
were then subjected to phenol-chloroform extraction and
ethanol precipitation. The precipitated DNA was resus-
pended in 20 pl of Tris-EDTA buffer.

COBRALINE-1

The snethod of COBRALINE-1 methylation assay as described
previously was employed.** Briefly, the 5' UTR of LINE-1.2
from NCBI Accession number MB0343 was used. Genomic
DNA was treated with sodium bisulfite®® and then subjected
to 35 cycles of PCR with a primer couple, 5-CCGTAAGGGGT-
TAGGGAGTTTTT-3 and &-RTAAAACCCTCCRAACCAAATA-
TAAA-¥at an annealing temperature of 50 °C. The LINE-1
amplicons (160 bp) were digested in 10 pl reaction volume
with 2 U of Tegl and 8 U of Tasl in 1 x Tagl buffer (MBI Fer-
mentas, Glen Burnie, MD) at 65 °C gvernight, and were then
electrophoresed in 8% nondenaturing polyacrylamide gel.
The methylated amplicons, Tagl positive, yielded two
80bp DNA fragments; whereas the unmethylated ampli-
cons, Tasl positive, yielded 63 and 97 bp fragments,

Methylation levels

Intensities of DNA fragments were measured by Phosphorim-
ager using Image Quant Software (Molecular Dynamics, Sun-
nyvale, CA). LINE-1 methylation level was calculated as a
percentage of the intensity of methylated LINE-1 digested
by Tagl divided by the sum of the unmethylated LINE-1 di-
gested by Tasl and the Tagl-positive amplicons. The same
preparation of genomic DNA from Hela, Daudi, and K562
cell lines was used as positive controls in all the experi-
ments andAto adjust for interassay variation.

Statistical analysis

Statistical analyses were performed using SPS5 software for
Windows 11.5 (SPSS Inc., Chicago, IL). Values were calcu-
lated using Student’s t-test, analysis of variance (ANGVA),
,B\rown—Forsythe test or /K\ruskal_Wallis test as indicated.
A p-value of ;0.05 was considered significant.

Results

Comparing the methylation levels of LINE-1s
between genders in different groups of samples

Even though males and females possess different sets of sex

chromosome, our previous study exhibited that levels of

LINE 1 methylation in WBC did not differ between males
g =

:
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Jfigure 1 Methylation tevels of LINE-1s in each group of

samples. The horizantal line jpdicate$ the mean of methylation
levels. Normal oral rinses {n = 37), O5CC tissues {p = 69), 0SCC

oral rinses (n= 38), 0OSCC microdissected tissues =9 and .

normal WBCs (n=12) had mean methylation levels 5B of
41.78% + 2,84, 35.88% ¢ 6.60, 37.53% + 2.61, 30.99% £ 6.03, and
46.15% = 1.48,. respectively, ** and * are p < 0.001 and 0.003,
respectively, when compared with normal oral rinses.

male and female, respectively, 0%CC oral rinses were col-

lected from 38 OSCC patients (24 males and 14 females); '

mean methylation levels+ S0 were 37.87%:2.98 and
319.95% + 1.75 in males and females, respectively. When
comparing the LINE-1s methylation levels between genders
in normal oral rinses, OSCC oral rinses and OSCC tissues,
there was no significant difference (p-value = 0.191, ¢.297,
and 0.862, respectively using Student’s t-test) (Table 1).
Therefore, LINE-1 methylation levels in normal and malig-
nant oral tissues between pales and females are not
different, xg}
2y

Methylation levels of LINE-1'5 n»-OSCCs

In order to clarify whether there is hypomethylatmn in
05CCs, levels of COBRALINE- 1 ‘were analyzed. The contam-
ination of normat mucosal cells and leukocytes in OSCC tis-
sues and OSCC oral®rinses may affect the levels of
methylation. We:therefore also included genomic DNA from
hine Q5CC mlcrodlssected samples which had more homoge-
neity of cancérous “cells, and 12 normal WBCs in the analy-
sis. Mean methylatmn levels £ 5D of OSCC tissues, OSCC
oral rinses, OSCC microdissected samples, normal oral
rinses, and norfnal WBCs were 35.88% + 6,60, 37.53%:
2.61,;° “30.95% £ 6.03, 41.78%+2.84, and 46.15% + 1.48,
respectwely (Fig. 1). The Brown—Farsythe tests of equality
of< ‘means were used, and revealed a significant difference
,amcng groups p-value £0.001. Normal WBCs showed signif-

and females. 3 In order to clarify this phenomenon in oral ;:cantly higher methylation levels than normal eral rinses,

tissues, methylation levels between genders in each group
were compared. Normal oral rinses were collected from’

37 volunteers (13 males and 24 females); mean methylation”

levels £ SD were 42.61% +3.50 and 41.33% ¢ 2.36 in males
and j\emaies, respectively. O5CC tissues were obtamed from
69 QSCC patients (32 males and 39 females); mean. methyl
ation levels + 5D were 35.73% + 6.36 and 36. 01% +:6. 88 ln
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Stage of OSCC

Flgure 2 Methylatlon levels of LINE-1s in each cancer stage.
Al stages showed hypomethylation levels. The mean methyl-
ation levels did not statlsncally differ among stages (ANOVA p-

value =0.681). Normal oral rinses J( =37), 0SCC stage |
{n-10) ] (n 23y, il n 21) and IV }\n 53) had mean
methylanon levels + SD of 41.78% + 2.84, 36.62% +6.81,

37. 47% +3.84, 35.40% + 7.78, and 36 43% +4.96 respectwely

. O5CC*tissues, 0SCC oral rinses and OSCC microdissected
sa@ples (p-value <0.001, <0.001, <0.001 and <0.001,
respectively). oscc” tissues, OSCC oral rinses, and 0SCC

%

¢

%Methylation
n
-
1

16+

0OSCC histclogical grades

/F\igure 3 Methylation levels of LINE-1s in each histological
grade. All the three grades of malignant cells had hypomethy-
lation. There was no statistical difference in methylation levels
among grades (Kruskal—-Wallis test p-value = 0.924). Means
methylation levels z SD of normal oral rinses (n=37), well-
differentiated {n = 75), moderately-differentiated (n = 28), and
poorly-differentiated (n = 3) were 41,78% 1 2.84, 36.19% + 6.06,
37.05% 4 28, and 36.50% + 3 86 respectweiy
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microdissected samples had significantly lower methylation
levels than normal orat rinses with p-value < 0.001, x0.001,
and = 0.005, respectively. Moreover, methylation levels of
05CC oral rinses did not differ from those of 0OSCC tissues
(p-value = 0.518) and 0SCC microdissected samples (p-va-
lue = 0.106). Besides, there were no different levels of
methylation between OSCC tissues and 05CC microdissected
samples (p-value = 0.361). These experiments indicated
that, similar to other cancers, LINE-1 methylation levels in
05CCs were lower than in normal oral mucosa. Interestingly,
even though normal WBCs and narmal oral mucosal cells had
higher methylation levels, their contamination in O5CC sam-
ples seems not to affect the hypomethylation. Therefore,
COBRALINE-1 levels of OSCC tissues and O5CC oral rinses
could reflect the methylation levels of cancerous cells.

Methylation levels of LINE-1s and
clinicopathological correlations

Mean methylation levels of 05CCs stages I (36.62% £ 6.81}, 1l
(37.47% + 3.84), 1Nl (35.40% « 7.78) and IV (36.43% + 4.96) did

not differ from each other, p-value = 0.681 (one-way ANO- -

VA) (Fig. 2). Tumors which had histological features of
well-differentiated, moderately-differentiated, and
poorly-differentiated cells had no different levels of meth-
ylation, p-value = 0.924 ,(Kruskal_Wailis test), mean meth-

ylation levels were 36.19% £ 6.06, 37.05%+4.28, and
36.50% + 3.86, respectively (Fig. 3). Moreover, QSCCs that
occurred jp tongue, gum, buccal mucosa, floor of the
mouth, palate, 1ip, or oropharynx had no statistical differ-
ence jo methylation levels, p-value = 0.464 [Kruskal—Wallis
test), mean methylation levels were 36.33%+6.57,
35.88% + 5.88, 36.37% £ 4.42, 35.67% £5.74, 39.07% + 2.00,
17.30% + 5.74, and 43.11, respectively. Patients, who did
not smoke, drink alcohol or chew betel had no significant
difference in methylation levels from patients who were ex-
posed to any of these risk factors, p-value = 0,427 [Brown—
Forsythe test} (Table 2). .

Discussion

Detection of cancers in the oral cavity still requires exper-
tise. Uptil now, the accurate diagnosis of oral cancers de-
pends on surgical biopsy and histological studies which are
difficult to apply in large populations. However, gttempts
are are heing made develop simpie and reliable tools for
the early discovery of oral cancers. During this decade,
the use of saliva or mouthwashes/oral rinses for malignancy
detection has béen a focus of interest. Evidence suggested
that epithelial cells in saliva provide suitable materials for
the head and neck squamous cell carcinomas (HN5CCs) ge-
netic analysis.®® Exfoliated oral mucosal cells and also

Table 2 LINE-1 methylation levels in different tumor stages, histological grades, .tumor locations, and risk factors

N (%) % Methylation
Mean 1] 95% Cl p-value
05CC samples’. 107 (100) ' _

Stage 0.681
1 10 (9.35) 36.62 6.81 (31.75 — 41.49)

0 23 (21.50) 37.47 3.84 (35.81 — 39.13)
14 21 (19.63) 35.40 7.78 (31.85 — 38.94)
v 53 (49.53) 36.43 4.96 (35.07 — 37.80)

Histological gradingf\ 0.924
well-differentiated 75 (70.09) 36.19 6.06 {34.87 — 37.63) -
Moderately-differentiated 28 (26.17) 37.05 428 (35.39 — 38.71)
poorty-differentiated 3 (2.80) 36.50 3.86 (26.91 — 46.10)

Location ] 0.464 -
Tongue 30 (28.04) 36.33 6.57 (33.88 — 18.78)

Gum 24 {22.43) 35.88 5.88 (33.40 — 38.37)
Buccal mucosa 21 (19.63) 36.37 4.42 {34.35 — 38.38)
Floor of mouth 16 {14.95) 35.67 5.74 (32.61 — 38.73})
Palate B (7.48) 39.07 ) 2.00 (37.40 — 40.73)
Lip 7 (6.54) 37.30 5.74 (31.99 — 42.61)
Oropharynx 1 (0.93) 4311 :\ j\ ;
Risk factors 0.427
No 18 (16.82) 36.84 6.63 (33.54 — 40.13)
Betel 30 (28.04) 35.54 4.60 (33.82 — 37.25)
Smoking 13 (12.13) 38.77 4.62 (35.98 — 41.57)
Alcohol 6 (5.61} 3.1 12.77 (18.81 — 45.61)
Smoking + alcohol 34 (31.78) 36.55 4.08 (35.12 — 37.97)
Smoking + betel 5 {4.67) 39.70 2.95 (36.03 — 43.36)
smoking + alcohal + betel .1 (0.93} 34.47 < < <

3 0sCC samples include 05CC tissues/@ = $9) and OSCC oral rinses n= 38)

# Data were not available in one case

ﬁData’c\ould not be obtained due ta n < 2 and were excluded from the statistical analysis
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malignant cells can be easily collected via saliva or oral
rinses. This procedure is not invasive, not expensive, and
does not require expertise. Moreover, the shed cancer cells
in saliva and primary cancerous tissues had the same results
of . microsatellite alterations,’® and aberrant promoter
methylation.51 Saliva or oral rinses of HNSCC patients exhib-
ited telomerase activity, increased mitochondrial DNA
content,* and promoter hypermethytation.* Loss of heter-
ozygosity (LOH) was found in the mouthwashes of 05CC pa-
tients but was not found in those of healthy individuals.>
Comprehensive salivary analysis revealed an overall altered
salivary composition in 05CCs'®'? and also an increase in tu-
mor markers including Cyfra 2i—1, tissue polypeptide anti-
gen, CA125, and 1L-8.2021 Three species of bacteria in saliva
were found to be increased in 0SCC patients.”® Salivary
transcriptome study revealed the elevation of geven tran-
scripts including DUSP1, H3F3A, IL1B, ILB, 0AZ1, SAT, and
$199P in OSCCs. > However, cancer developmentis a mul-
tistep process; the use of specific markers may be insuffi-
cient for detection. Thus, we try to seek for a biomarker
which can detect malignant change at any step.

The alteration of global methylation levels can reflect
the presence of malignancy. Though some studies revealed
global hypomethylation in HNSCCs which included carcino-
mas in oral cavity, nose, sinuses, pharynx, and farynx.“2*
But our previous study pointed out that methylation levels
of LINE-1s, which reflect global methylation levels, have tis-
sue specification.’ Furthermore, tumors of larynx/hypo-
pharynx and oral cavity had different levels of soluble
(D442, as well as the incidence of LOH.3® Accordingly,
05SCCs which originate from mucosa in oral cavity may have
different methylation levels from carcinomas which origi-
nate from other locations in the head and neck regions.
Therefore, we studied LINE-1 hypomethylation in oral rinses
of OSCC patients by using oral rinses of normal individuals as
controls. Our study of this epigenetic alteration could de-
tect O5CCs not only at an early occurrence but also at any
hidden site of the oral cavity or in any histological type. It
is independent of smaking, alcohol consumption and betel
chewing. The hypomethylation could be detected in oral
rinses of OSCC patients and did not statistically differ from
that in primary Q5CC tissues and 0SCC microdissected sam-
ples. Thus, COBRALINE-1 of QSCC oral rinses could reflect
the .majority of 05CC methylation levels. Consequently,
COBRALINE-1 of oral rinse appears to have a role in oral can-
cers screening.

X«'hiie the degree of global hypomethylation of HNSCCs
was associated with smoking history, alcohol use and
stage, "2 we could not find any statistical difference in the
hypomethylation ievels in each stage, histological grade,
location or risk factor of OSCCs. Therefore, our LINE-1
methylation study suggested that Q5CCs may have different
natures from/l:lNSCCs, and that methylation levels of LINE-1s
are specific to types of tissues. In the case of oral cancer,
the loss of LINE-1 methylation may occur more significantly
at the early onset of carcinogenesis. Consequently, more
limit 2lterations can be found during the later stage of the
tumor progression.

In conclusion, this study revealed that QSCCs had
hypomethytation of LINE-1s and this aberration could be
found in oral rinses of the patients. Our findings suggested

imvasive tool for 0SCCs detection. However, this tool needs
further development to improve sensitivity and eventually
hecome a reliable investigation technique.

Conflict of jnterest statement

None declared.

Acknowledgements

We thank Dr. Kanokporn Bhalang who kindly provided some
samples of 05CC oral rinses. We thank the entire staff of the
Department of Otolaryngology, National Cancer Institute,
Thailand and of the Surgical Department of Dental Hospital,
Faculty of Dentistry, Chulalongkorn University for their
assistance in collecting OSCC samples. We also thank Pro-
fessor Henry Wilde for the manuscript revision. This study
is supported by Thailand Research Fund and Chulatongkorn
University. '

References

i. Conway DI, Stockten DL, Warnakulasuriya KA, Ogden G,
Macpherson LM. Incidence of oral and oropharyngeal cancer
in United Kingdom (19901999} — recent trends and regional
variation. Oral Oncol 2006;42(6):586—92.

2. Schantz 5P, Yu GP. Head and neck cancer incidence trends in
young Americans, 19731997, with a special analysis for tongue
cancer. Arch Otolaryngol Head Neck Surg 2002;128({3):268-74.

3. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics
2002.. CA Cancer J Clin 2005;55{2):74—108.

4. Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Ghafoar A,
et al. Cancer statistics, 2005.. CA Cancer J Clin
2005;55({1):10-30.

% Silverman Jr 5. Demographics and occurrence of oral and
pharyngeal cancers. The outcomes, the trends, the challenge. J
Am Dent Assoc 2001;132(Suppl):75—115.

6. Sargeran K, Murtornaa H, Safavi SM, Vehkalahti MM, Teronen O.

" supvival after diagnosis of cancer of the oral cavity. Br J Oral
Manxitlofac Surg 2008;46(3):187-91.

7. Lam L, Logan RM, Luke C, Rees GL. Retrospective study of
survival and treatment pattern in a cohort of patients with orat
and oropharyngeal tongue cancers from 1987 to 2004. Oraf
Oncol 2007;43{2):150—38.

8. Epstein JB, Sciubba J, silverman Jr S, Sroussi HY. Utility of
toluidine blue in oral premalignant lesfons and squamous cell
carcinoma: continuing research and implications for clinical
practice. Head Neck 2007;29(10):948-58.

9. Zhang L, Williams M, Poh CF, Laronde D, Epstein JB, Durham S,
et al. Toluidine blue staining identifies high-risk primary oral
premalignant lesions with poor outcome. Cancer Res
2005;65(17):8017-21.

10, Epstein JB, Oakley C, Millner A, Emerton S, van der Meij E, Le
N. The utility of toluidine blue apptication as a diagnostic aid in
patients previously treated for upper oropharyngeal carcinoma.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1997;83(5):537—-47.

11. Chen YW, Lin JS, Fong JH, Wang IX, Chou sJ, Wu CH, et al. Use
of methylene blue as a diagnostic aid in early detection of oral
cancer and precancerous lesions. Br J Oral Maxillofac Surg
2007;45{7):590-1.

12. Epstein JB, Feldman R, Dolor R4, Porter SR. The utility of

tolonium chioride rinse tn the diagnosis of recurrent or second

the potential use of COBRALINE-1 of oral rinses as a non-
E : Sub ekh

"

Dete

316
317
318

319

320

321

322
3
324
325
326
327
328
329
330

331

3
333
334
335

336
337
333

339
340

341
342
343

345
346
347
348
349
350
351
352
353
354
355
356
357
358
159
360
361
362
363
364
365
366
367
368
369
370
N
7



373
374
375
376
377
378
379
380
3381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
96
397
398
399

401
402
403

404
405
406
407

408
409
410
411

412
413
414
415

416
417
418
419
420

421
422
413
424

415
426
427
428
429

430
431
432

433
434
435
436
437

438
439

Detection ofiLINE-1s hybomefhylation in oral rinsesof oral squamous cell carcinoma patients 7

13.

14,

15.

16.

17.

18.

15.

20.

21,

22,

23.

24,

25,

26.

27.

28,

29.

primary cancers in patients with prior upper aerodigestive tract
cancer. Head Neck 2003;25(11):911-21.

Ram S, Siar CH. Chemiluminescence as a diagnostic aid in the
detection of oral cancer and potentially malignant epithelial
lesions. Int J Oral Maxitlofac Surg 2005;34(5).521-7.

Poate TW, Buchanan JA, Hodgson TA, Speight PM, Barrett AW,
Moles DR, et al. An audit of the efficacy of the oral brush
biopsy technigue in a specialist Oral Medicine unit. Oral Oncof
2004;40(B):829—-34.

Spafford MF, Koch WM, Reed AL, Califano JA, Xu LH, Eisenber-
ger CF, et al. Detection of head and neck squamous cell
carcinoma among exfoliated oral mucosal cells by microsatel-
lite anatysis. Clin Cancer Res 2001;7(3):607—12.

Svirsky JA, Burns JC, Carpenter WM, Cohen DM, Bhattacharyya
JE, Fantasia JE, et al. Comparison of computer-assisted brush
biopsy results with follow up scalpet biopsy and histology. Gen
Dent 2002;50(6):500—3.

Acha A, Ruesga MT, Rodriguez MJ, Martinez de Pancorbo MA,
Aguirre JM. Applications of the oral scraped (exfoliative)
cytology in oral cancer and precancer. Med Oral Patol Oral
Cir Bucat 2005;10(2):95—102.

Shpitzer T, Bahar G, Feinmesser R, Nagler RM. A comprehensive
salivary analysis for oral cancer diagnosis. J Cancer Res Clin
Oncol 2007;133(9):613-7.

Bahar G, Feinmesser R, Shpitzer T, Popovizer A, Nagler RM.
Salivary analysis in oral cancer patients: DNA and protein
oxidation, reactive nitrogen species, and antioxidant profile.
Cancer 2007;109(1):54—9.

Nagler R, Bahar G, Shpitzer T, Feinmesser R. Concomitant
analysis of salivary tumor markers — a new diagnostic tool for
oral cancer. Clin Cancer Res 2006;12(13):3979—84.

St John MA, Li Y, Zhou X, Denny P, Ho CM, Montemagno C,
et al. Interleukin 6 and interleukin 8 as potential biomarkers
for oral cavity and oropharyngeal squamous cell carcinorna.
Arch Otolaryngol Head Neck Surg 2004;130(8):929—-135.
Franzmann EJ, Reategui EP, Pedroso F, Pernas FG, Karakullukcu
KL, Carraway KL, et al. Sotuble CD44 is a potential marker for
the early detection of head and neck cancer. Cancer Epidemiol
Biomarkers Prev 2007;16(7):1348-55.

Righini CA, de Fraipont F, Timsit JF, Faure €, Brambilla E, Reyt
E, et al. Tumor-specific methylation in saliva:. a promising
biomarker for early detection of head and neck cancer
recurrence. Clin Cancer Res 2007;13(4):1179-85.

Piyathilake CJ, Frost AR, Bell WC, Oelschlager D, Weiss H,
Johanning GL, et al. Alttered global methylation of DNA: an
epigenetic difference in susceptibility for lung cancer is
associated with its progression. Hum Pathol
2001;32(8):856—62.

Guerrero-Preston R, Santella RM, Blanco A, Desai M, Berdasco '

M, Fraga M. Global DNA hypomethylation in liver cancer cases
and controls: a phase | preclinical biomarker development
study. Epigenetics 2007;2(4):223—6.

de Capoa A, Musolina A, Della Rosa §, Caiafa P, Mariani L, Del
Monno F, et al. DNA demethylation is directly related to
tumour progression: evidence in normal, pre-malignant and
malignant cells from uterine cervix samples. Oncol Rep
2003;10(3):545-9.

Hoffmann MJ, Schulz WA. Causes and consequences of DNA
hypomethylation in human cancer. Biochem Cell Biol
2005;83(3):296—321.

Shaw RJ, Hall GL, Lowe D, Bowers NL, Lilogiou T, Field IK,
et al. CpG island methylation phenotype (CIMP) in oral
cancer: associated with a marked inflammatory response and
less aggressive tumour biclogy. Orat Oneol

2007;43(9):878—86.

Ha PK, Califano JA. Promoter methylation and inactivation of
tumour-suppressor genes in oral squamous-cell carcinoma.
Lancet Oncol 2006;7{1):77—82.

30.

3.

32.

33.

M,

35

3é.

37.

1.

39,

40.

41.

42,

43.

43,

46.

47,

48.

49,

30.

Shaw R. The epigenetics of aral cancer. Int J Oral Maxillofac
Surg 2006;35(2):101-8.

Nakagawa T, Pimkhaokham A, Suzuki E, Omura K, Inazawa J,
Imoto |. Genetic or epigenetic silencing of low density lipopro-
tein receptor-related protein 1B expression in oral squamous
cell carcinoma. Cancer 5ci 2006;97{10):1070—4.

Feinberg AP, Tycko B. The history of cancer epigenetics. Nat
Rev Cancer 2004;4(2):143-53.

Ostertag EM, Xazazian Jr HH. Biology of mammalian L1
retrotransposons. Annu Rev Genpet 2001,35:501—-38.
Chalitchagorn K, Shuangshoti 5, Hourpai N, Kongruttanachok N,
Tangkijvanich P, Thong-ngam D, et al. Distinctive pattern of
LINE-1 methylation level in normal tissues and the association
with carcinogenesis. Oncogene 2004;23(54):8841—6.

Choi 15, Estecio MR, Nagano Y, Kim do H, White JA, Yao JC,
et al. Hypomethylation of LINE-1 and Alu in well-differentiated
neuroendocrine tumors (panicreatic endocrine tumors and
carcinoid tumors). Mod Pathot 2007,20(7).802—10.

Takai D, Yagi Y, Habib N, Sugimura T, Ushijima T. Hypomethy-
lation of LINE1 retrotransposan in human hepatocellular carci-
nomas, but not in surrounding liver cirrhosis. Jpr J Clin Oncol
2000;30(7):306—9.

Suter CM, Martin 01, Ward RL. Hypomethylation of L1 retro-
transposons in colerectal cancer and adjacent normal tissue.
Int J Colorectal Dis 2004;19(2):95—101.

Santourlidis S, Florl A, Ackermann R, Wirtz HC, Schulz WA, High
frequency of alterations in DNA methylation in adenocarcinoma
of the prostate. Prostate 199%;39{3):166—74.

Florl AR, Lower R, Schmitz-Drager BJ, Schulz WA. DNA
methytatien and expression of LINE-1 and HERY-K provirus
sequences in urothetial and renal cell carcinomas. Br J Cancer
1999;80({9):1312-21.

Jurgens B, Schmitz-Drager BJ, Schulz WA, Hypomethylation of
L1 LINE sequences prevailing in human urothelial carcinoma.
Cancer Res 1996;56(24):5698—703.

Kazazian Jr HH, Moran JV. The impact of L1 retrotranspesons
on the human genome. Nat Genet 1998,19(1):19-24.

Smith 1M, Mydlarz WK, Mithani SK, Califano JA. DNA global
hypomethylation in squamous cell head and neck cancer
associated with smoking, alcohol consumption and stage. inf
J Cancer 2007;121(8):1724-8.

Hsiung DT, Marsit CJ, Houseman EA, Eddy K, Furniss CS,
McClean MD, et al. Global DPNA methylation level in whole
blood as a biomarker in head and neck squamous cefl
carcinoma, Cancer Epiderniol Biarnarkers Prev
2007;16(1):108—14.

. Pattamadilok J, Huapai N, Rattanatanyong P, Vasurattana A,

Triratanachat 5, Tresukosol D, et al. LINE-1 hypomethylation
level as a potential prognostic factor for epithelial ovarian
cancer. Int J Gynecol Cancer.

Shuangshoti S, Hourpai N, Pumsuk U, Mutirangura A. Line-f
hypomethylation in muttistage carcinogenesis of the uterine
cervix. Asian Par J Cancer Prev 2007;8(2):307-9.
Tangkijvanich P, Hourpai N, Rattanatanyong P, Wisedopas N,
Mahachai ¥, Mutirangura A. Serum LINE-1 hypomethylation as a
potential prognostic marker for hepatocellular carcinoma. Clin
Chim Acta 2007;379}\1 -2):127-33.

Mutirangura A. Quantitative PCR analysis for methylation level
of genome: clinical implications in cancer. Asign §\r’omed
2007;4(2):121-8.

Funk GF, Karnell LH, Robinson RA, Zhen WK, Trask DK, Hoffman

HT. Presentation, treatment, and outcome of oral cavity
cancer: a National Cancer Data Base report. Head Neck
2002;24({2):165-80.

Xiong Z, Laird PW. COBRA: a sensitive and quantitative DNA
methylation assay. Nucleic Acids Res 1997,25(12):2532—-4,
El-Naggar AK, Mao L, Staerkel G, Coombes MM, Tucker 5L, Luna
M4, et al. Genetic heterogeneity in saliva from patients with

463
464
463

466
467
468

470
4T
472
473
474
475
476

478
479
480
431

482
483
484
485
486

487
488
489
490

491
492
493

494
495
496
497

498
499
300

501
502
503

505
506

507
508



509
v 510
511

512

513

514

. 515
516
517
518
. 519
520
, 521
522
523
524
,525
- 526
527

K. Subbalekha et al.

51.

52.

53.

oral squamous carcinomas: implications in molecular diagnosis
and screening. J Mol Diagn 2001 ;:3(4):164—70.

Rosas SL, Koch W, da Costa Carvalho MG, Wu L, Califano J,
Westra W, et al. Promoter hypermethylation patterns of p16,
06-methylguanine-DNA-methyltransferase, and death-associ-
ated protein kinase in tumors and saliva of head and neck
cancer patients. Cancer Res 2001:61{3):939—42.

Califano J, Ahrendt 5A, Meininger G, Westra WH, Koch WM,
Sidransky D. Detection of telomerase activity in oral rinses from
head and neck squamous cell carcinoma patients. Cancer Res
1996;56(24):5720-2.

Jiang WW, Masayesva B, Zzhurak M, Carvalho AL, Rosenbaum E,
mambo E, et al. Increased mitochondrial DNA content in saliva
associated with head and neck cancer. Ctin Cancer Res
2005:11(7):2486—91,

. Carvalho AL, Jeronimo C, Kim MM, Henrique R, Zhang Z, Hoque

MO, et al. Evaluation of promoter hypermethylation detection
in body fluids as a screening/diagnosis tool for head and neck
squamous cell carcinoma. Ctin Cancer Res 2008;14{1):97—107.

56

. Numes DN, Kowalski LP, Simpson AJ. Detection of oral
and oropharyngeal cancer by microsatellite analysis in
mouth  washes and lesion  brushings. Oral Oncol
2000;36(6):525—8.

. Mager DL, Haffajee AD, Devlin PM, Norris CM, Posner MR,
Goodson JM. The salivary microbiota as a diagnostic indicator
of oral cancer:  descriptive, non-randomized study of cancer-
free and oral squamous cell carcinoma subjects. J Trans{ Med
2005;3(1):27.

_ Zimmermann BG, Wong DT. Sativary mRNA targets for cancer
diagnostics. Oral Oncol. A

. Li Y, St John MA, Zhou X, Kim®Y, Sinha U, Jordan RC, et al.
Salivary transcriptome diagnostits’for oral cancer detection.
Clin Cancer Res 2004;10(24):8442-50.

. Ng 10, Xiao L, Lam KY, YueniPW, Ng M. Microsateliite
alterations in squamous cell carcidoma of the head and neck
— clustering of loss qfcheteroiyg'd'sity in a distinct subset. Oral
Oncol 2000;36{5):484-90.

ik
*

528
529
530
531

532
531

T 534

535
536
537
538
539
540
541
542
543
544

545
546



available at www.sciencedirect.com

. ";«' ‘ORAL
“og SClenceDirect ONCOLOGY
ELSE\’[ER journal homepage: http:/lmtl.elsewerhealth.com/journals/oron/
|

Promoter hypermethylation of CCNA1, RARRES1,
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Summary In search for putative tumar suppressor genes critical of nasopharyngeal carcinoma
(NPC), we analyzed the available information from the expression profiling in conjunction with
the comprehensive alteotyping published data relevant to this malignancy. Integration of this
information suggested: eight potential candidate tumor suppressor genes, CONA?, HRASLS3,

ﬁene A : l ) RARRES1, CLMN, EML1, TSC22, LOH11CR24 and MCC. However, to confirm the above cbserva-

asopt] aryngea . tions, we chose to investigate if promoter hypermethylation of these candidate genes would be
carcmorna, : - one of the mechanisms respansible for the de-regulation of gene expression in NPC in addition
Cyclm Al;- C i to the loss of genetie materials. In this study, we detected consistent hypermethylation of the

- RARREST; HRASLS3--' , 5 element of CCNAT, RARRES?, and HRASLS in NPC tissues with prevalence of 48%, 51%, and
e IR 17%, respectively. Moreover, we found a similar profile of promoter hypermethylation in pri-
B o ) mary cultured NPC cells but none in normal nasopharyngeal epithelium or leukocytes, which
further substantiate our hypothesis. Qur data indicate that CCNAT, RARREST, and HRASLS3

' Ty may be the putative tumor suppressor genes in NPC,
ER -, © 2007 Published by Elsevier Ltd.

Abbreviations: CCNA1; cyclin A1; RARREST, retinoic acid receptor responsive element; HRASLS3, h-RAS like suppressor; NPC,
nasopharyngeal carcinoma.
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Introduction

The development of nasopharyngeal carcinoma (NPC) ap-
pears to be associated with the Epstein-Barr virus (EBV)
infection together with multiple genetic and epigenetic
alterations of the nasopharyngeal epithelium,'™? Regarding
the latter, many studies have now demonstrated that the
epigenetic changes may underlie the molecular basis of
these lesions. For example, the extensive and high resolu-
tion alleotyping studies revealed potential tumor suppressor
gene loci in NPC on chromesomes 3p, 9p, 9q, 11q, 12q, 13q,
14q, and 16q." In addition, the recent studies have identi-
fied that certain genes residing within these chromosomal
loci are aberrantly hypermethylated, such as RASSF1A
{3p21.3), RARPZ (3p24), and p16INK4A (9p21).5~7 However,
for most of the loss of heterozygosity (LOH) loci, the pres-
ence of candidate tumor suppressor genes (TSG) has not
been thoroughly investigated.

Previously, we have analyzed the mRNA expression pro-
file of a small sub-set of NPCs by using laser capture micro-
dissection coupled with high density cDNA microarrays and
identified several aberrantly expressed genes which may
play a role in NPC pathogenesis.® Here, we have applied
the integrated information acquired from both our mRNA
expression profile together with the genome-wide alleotyp-
ing data, to further define whether any of these molecules
might represent potential TSG candidates. Genes whose
expressions was down-regulated, as detected by the micro-
array experiments, were matched to the critical regions for
LOH of either chromosomes 13 or 14, as there are some evi-
dences suggesting that these may be the locations of
75G.*%10 |n addition to the above criteria, we further
investigated if the hypermethylation of 5 regulatory ele-
ment of these genes would be an additional mechanism of
the gene silencing in NPC. Qur data indicate that in NPC
but not in normal samples, there are the promoter hyper-
methylations of certain critical genes (CCNAT, HRASLS3,
and RARRES1), which were shown to be down regulated in
our previous microarray study, suggesting that these genes
may potentially function as T5G in NPC.

Materials and methods
Tumor samples and DNA extraction

Primary NPC tumor samples were surgicatly obtained from
patients with appropriate informed consent at The King
Chulalongkorn Memorial Hospital. Samples were then di-
vided into two portions. The first portion was fixed in forma-
lin and was submitted for routine histopathological
examination, and the second portion was immediately
snap-frozen and stored in liquid nitrogen until use in further
experiments. Controt nasopharyngeal epithelium was ab-
tained from nasopharyngeal swabs of unrelated patients in
the Department of Otolaryngology who had clinically de-
fined normal nasopharyngeal mucosa. Control blood samples
were collected from unrelated healthy donors. All samples
were tested to confirm the presence of the genetic material
of EBV following the method previously described.
Extraction of genomic DNA was performed with protein-
ase K (Amersham, Aylesbury, UK) digestion in the presence

of 5D$ at 50 °C overnight, followed by phenol/chioroform
extraction and ethanol precipitation.*'

Cultured NPC cells

Primary NPC tissue was finely chopped, suspended in 0.25%
collagenase (Life Technologies, Gaithersberg, MD), and
incubated at 37 °C, 5% CO; for 4-5 h. After centrifugation,
the collagenase was discarded and the pellet subjected to
two washing steps with 5 ml DMEM (Dulbecco’s Modified Ea-
gle Medium; Life Technologies, Gaithersberg, MD) each.
Subsequently, the pellet was resuspended in serum and
growth factor free DMEM with 1% penicillin/streptomycin
added, and incubated at 37 °C, 5% CO, until the cell layer
had spread sufficiently to be further sub-cultivated. Peilets
of NPC cells with limited passages were collected for DNA
extraction.

Presence of NPC cells was confirmed by the detection of
LOH of chromosome 3, 9, and 14, using microsatellite anal-
yses for the following markers; D351038, D145283 and TCRD,
in order to confirm the complete loss of heterozyguosity as
well as showing the absence of contaminating normal tissue.
Briefly, one strand of each primer pair was end-labeled at
37 °C for 1-2 h in a total volume of 10 pl containing 10 uM
primer, 0.025 mCi [¥2P] yATP (Amersham, Aytesbury, UK)
at 3000 Ci/mmol, 10 mM MgCL, 5mM DTT, 70 mM Tris—HC!
{pH 7.6) and 10 units of T4 polynucleotide kinase (New Eng-
land Biolabs, Beverly, MA). The kinase reaction was then
added to the PCR buffer mix. The PCR reactions were per-
formed in a total volume of 10 ul using 50 ng of genomic
DNA in 200 M dNTP each, 10mM Tris—HCL {pH 8.4),
50 mM KCL, 1.5 mM MgCly, 0.5 units of Thermus aguaticus
DNA polymerase (Perkin—Elmer Cetus, Norwalk, CT} and pri-
mer concentrations were 0.05—0.5 uM each. The PCR reac-
tions were optimized as follows: an initial de-naturation
step at 95 °C for 4 min, 25 cycles of de-naturation at 94 °C
for 1 min, annealing at 55 °C for 1 min, extension at 72 °C
for 2 min, and a final extension at 72 °C for 7 min. The
PCR products were analyzed with electrophoreses in 6%
polyacrylamide and 7 M urea gel.

Sodium bisulfite modification

The DNA samples were subjected to bisulfite treatment.>~7
Briefly, 2 ng of genomic DNA were denatured in 0.2 M so-
dium hydroxide. Subsequently, 10 mM hydroquinone (Sig-
ma—Aldrich, 5t. Louis, MQ) and 3M sodium bisulfite
(Sigma—Aldrich, St. Louis, MO) were added and incubated
at 50 °C for 16—=20 h, The modified DNA was then purified
using Wizard DNA purification resin (Promega, Madison,
Wi) followed by ethanol precipitation.

Duplex MSP and COBRA

We used the duplex methylation specific PCR (MSP} to
determine the methylation status of CCNAT, TSC22, CLMN,
and EML1 and performed the combined bisulfited restriction
analysis (COBRA) to analyze the promoter hypermethylation
of HRASLS3, RARRES1, LOH11CR2A, and MCC, The PCR reac-
tions contained 1x PCR buffer {Qiagen, Chuo-ku, Japan),
0.2 mM deoxynucleotide triphosphates, 0.4 pM of appropri-
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ate PCR primers {Table 2}, 1u of hotstarTaqg (Qlagen, Chuo-
ku, Japan), and 80 ng of bisulfited DNA. Cycles of PCR ampli-
fication were as follows: an initial de-naturation step at
95 °C for 10 min, followed by 30 cycles of de-naturation at
95 °C for 1 min, annealing at 48—55 °C for 1 min (Tahle 2),
extension at 72°C for 2 min, and the final extension at
72 °C for Smin. In the COBRA analysis, all PCR products
were digested with Tag! enzyme and subjected to electro-
phoresis in 8% native polyacrylamide gel. Methylation of
the TCGA sequence in gel was visualized using phosphoim-
ager after staining with Syber Green.

Bisulfite genome sequence analysis

We performed additional analysis of the bisulfited DNA by
subcloning the fragments into pGEM — t Easy Vector System
t (Promega, Madisan, Wl), which was then subjected to se-
quence analysis using the ABI prism 3100 Genetic Analyzer
{Applied Biosystems, CA}) for the presence of methylated
nucleotides in all the samples.

Statistical analysis

Fisher's exact and Chi-square tests were used to determine
the association between clinical parameters and the pres-
ence of promoter hypermethylation of the studied genes.

Results

- Selection of tumor suppressor gene candidates
from the genome-wide expression analysis of NPC

From our previous microarray analysis, we re-evaluated the
data in order to search for potential candidate TSG., We
first retrieved a list of genes whose expression was shown
to be differentially down-regulated in NPC when compared
to the normal nasopharyngeal epithelium. We next applied
two additional selective criteria including the genes that

have previously been shown to be tumor suppressor genes .

in other cancer types as wetl as the genes residing within
the critical regions of LOH in chromosomes 13 and 14,
which are also thought to be the important areas in
NPC."*%® From the 238 down-regutated genes in NPC,®
we found four genes that have been indicated to be puta-
tive tumor suppressor genes in ather tumar types:
HRASLS3,%'2 RARRES1,%13'¢ LOH11CR2A%Y and MCC.®
Furthermore, we setected CCNAT and T5C22 whose genetic
locations are within the critical LOH region of chromosome
13 at position 35,948—35,949 kb and 44,010—44,020 kb,
respectively. Similarly, we selected EMLT and CLMN, whose
expression was differentially down-regulated, residing
within the critical region of LOH in chromosome 14 at posi-
tion 98,320-98,330kb and 93,710—93,720 kb. Under the
above selection algorithm, we were able to identify eight
putative genes with potential tumor suppressor activity
(Table 1). Fold difference of geometric means (T/N) were
calculated by using fractionate with geometric mean of ra-
tios in class 1:N and geometric means of ratios in class 2:T
as described previously.® The ratios of less than 1 indicate
a relative down-regulation of gene expression in NPC
lesions.

1713g12.3<q13%
1314~

§ CCNAT
LTS¢22
-EMET-
~CLMN
HRAsr.s's
.-RARRES1,
a LOHHCRZ
MCC

At

Analysis of the methylation status of promoter
regions of candidate genes

We further investigated the potential mechanism which
might be responsible for the down-regulation of all eight
candidate genes. The 5 elements of all eight genes were
analyzed for methyltation status by either MSP or COBRA
technigue (Table 2) in several NPC tissues and control nor-
mal peripheral blood teukocytes. All NPC were tested posi-
tive for EBY, whereas the control tissues were absence of
EBV genetic materials. The presence of promoter hyperme-
thylation in NPC was detected on CCNA1, RARREST and
HRASLS3 promoter but not.in the control leukocytes (Figs.
2 and 3, and Table 3). However, there was no hypermethy-
lation detected on MCC, TSC22, EMLT and CLMN upstream
regulatory regions. Additional experiments demonstrated a
partial methylation of LOHT1CR2ZA promoter which could
be observed in both NPC and control leukocytes (Figs. 2
and 3 and Table 3). The above findings in conjunction with
the under-expression of these genes found by the micro-
array experiments suggest that the promoter hypermethyta-
tion of CCNAT, RARREST and HRASLS3 may be crucial in
regulating expression of these genes especially in NPC,

Promoter hypermethylation of CCNA1, RARRES
and HRASLS3

To further validate the crucial role of the promoter hyper-
methylation of these T5G candidates in NPC carcinogenesis,

we determined the frequency of methylation of -RARRES 1,

HRASLS 3 and CCNAT in approximately 40 NPC tissue sam-
ples either by COBRA or M5P PCR: An additional 10 primary
cultures of relatively pure population of NPCs with no nor-
mal cell contamination as indicated by our LOH study
(Fig. 1), were also analyzed for the methylation status of
these genes. We used several contrals in this study including
20 normal nasopharyngeal swabs and 30 peripheral blood
leukocytes from healthy subjects or non-cancer patients.
Strikingly, in all normal cells including nasopharyngeal epi-
thelium and WBC, we could not demonstrate the presence
of promoter hypermethylation of all the studied genes
(Table 4). In contrast, NPC tissues displayed frequent pro-
moter hypermethylation of for RARREST, HRASLS3, and CCNAT
at 51%, 17%, and 48%, respectively (Table 4). Moreover, we
confirmed the frequent promoter hypermethylation in isolated
NPC cells to avoid normal cell:. r.ontammat!on and found 83%
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. Table 2 . Select’éd'cahdiaat:.e{genes'and‘:pﬁ:rneirs,med to‘detéﬁt me'ati"fyla‘tion:;:'"- . _ B 5 _ C =
Gene “Detection  -Primer. _Sequence 7 ' ' ProdU}:t sizef_‘Tm {bpsec)
CCNAT MSP CCNAT thet (F) TITCGAGGATITCGCGTCGT ' 46153

CENATmet (R) ~ CTGCTAAAAACECTAACTCGA
“CCNAT unmet-(F) TTAGTGTGGGTAGGGTGTT - 67153,
CCNAT unmet (R) TCCCTAACTCAAKRARACAACACA - -
Tsceaze.” MSP Tsccazmet (F) - TTFAGTGTTTTGAGGTCGTC, . L 87/4B
; : TSCC22:met R) - TAAAATAAACTAACCTAACGCGA N
. ATSCC22 unmet (F) . GGGATATAGTTTTGGGGATT - . - 190748
TSCC22unmet:(R) ATAAACTAACCTAACACAAACCA ~
CLMA? . NP CLMN met (F) AA.ACCTAACTAACAAACGCG 185/55
. CLMN met (R) TCGTATTCGTCGTTICGC. -
CLMN unmet (F).  TGTTGTGATTTTAGITFTGTGGT * 96755 -
_ CLMN unmet (R) = CCAACACAACACAAACAACA ’
ML JEMSP EMLT met (F)- . TCGAGGTCGTTTTTICGE 130755 .
- : CLEMLTmet:(R)T ';AC_GCTAAQQCTAAAAC_CG
EMLT unmet (F). .2 TTTGGGTTIT GTGGTTGT ' 162755
e - EML1 unmet (R) ACCCAACCACAACCAACA : o
. HRASLSZ® . COBRA " HRASLST (F) GGTGTTTGGGATGITITTTF® - 109755
' HRASLS3 (R) AAC (A7G):-CCCAAAAAACTACAAA

Mect _“COBRA'. - McC Ry oo 'AAAATGTGGTAGAAG’GGAW."; 86/53 ,

, " - MEC(R) - ARACTCTCAATCCCECARA o
RARRES® COBRA..  RARRESI(F)  _° GGGAGG (CTGTTITTATIGITIT: . 115/53
‘ - o’ _ ‘RARREST-1R) CTACCC (A/G)AACTI’AATACTAAA S .
,E‘me‘rcki;iﬁf ':COBRA CLONITCRZA(F) TTGAGGAKATGAGGTTGTAAGTT . 129/48° "
. o -~ -LOH11CR2AR) ='AATCCTAAATI'I'CCAATATCCAC e
2 Gefiés locating w1thin the cnticai regions 6f ' LOH.
> Genes shown 10 be tumor. suppressor gene in ather cancers..
Table 3 -'Fréquency ‘of .r_rn_éthyl.atiqn status-.of candidate - 391 33;{ :'132.3'_ :‘3:’;. ;ﬂr
genes promoter in ciltured NPC cells and controt leukocytes: " i

D145283 TCRD

Figure 1 LOH study. Three microsatellite markers, D351038,
D145283, and TCRD, are used to study the LOH pattemn in
normal leukocytes (N} and tumor cells {T) of primary cultured
NPC cells. In normal leukocytes, there were two bands of PCR

D3s1038

NPC-célls: +-Normal leukotytes.
. © .Presente Absence : Presence Absence-
CONAT .. 167 0 .. 200
RARREST 2 & .0 T 20
HRASLS3 2 8 0 - 20
EML1 0. 10 0 107
-CLMN 0 10 .0 10
T5C22 0 10 0 10
MCE 0 10, 0 . 10
. LOHT1CRZA 18 -0 M0 0

products observed, whereas only single band of PCR products
was detected in tumor cells.

hypermethylation of RARRES?, 17% of HRASLS3 and 100% of
CCNAT. Additional sequence anatyses of the promoter of all
three genes to prove the presence of promoter hypermethyla-
tion were performed in each sample (Fig. 4). The above find-
ings suggest a possible tumor suppressive role of these genes.
When analyzing for an assaciation between hypermethylation
and clinical parameters, we found no significant correlation
with the tumor stage (data not shown)

Discussion

Currently, comprehensive gene expression profiling of indi-
vidual cancer type has becaome one of the most popular ways
to analyze individual cancer. We here apply the information
derived from the gene expression analysis and to expand this

knowledge to 1denufy potenual tumar suppressor genes in
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Figure 2 MSP analysis. (a) Typical results of a MSP analysis of
CCNAT show frequent methylation of 5' element of CCNAT in
NPC but not in normal leukocyte and nasopharyngeal epithe-
lium. (b—d) The results of MSP analysis of EML1, CLMN, and
TSCC22, are shown. There was no methylation observed in
these set of genes. Square: unmethylated band; circle: meth-
ylated band; -ve: control lane (water); T: NPC tissue; W:
leukocytes; N: normal nasopharyngeal swab.

NPC. Integrating one known feature of tumor suppressor
genes, namely LOH to the genome-wide expression analysis,
allowed us to identify three potential TSGs in NPC, CCNAT,
HRASLS3, and RARRES1. These genes have been proven to
be relatively under-expressed and preferentially methylated
at the promoter in NPC comparing to normal tissue. Further-
more, these three genes have been shown previously to be
putative TSGs in other cancer type, for example HRASLS3
in lung cancer,® ' RARRES1 in lung cancer, prostrate cancer,

Q1obp N1 N2 W1 W2 T1 T2 T3 T4
: s s W G RS s e — -
ey - e

b 10bp N1 N2 Wi W2 Tt T2 T3 T4
I - .
e

Ll e .
e
C Wbp W1 W2 w3 T1 T2 T3 T4
e o F
b bl bl e i - "

¢ 25bp 10bp W1 W2 W3 T1 T2 T3 T4
e e bt ) b it o
P— ORI H % TSNS .

Figure 3 COBRA analysis. Methylation status of HRASLS3,

RARRES1, MCC, and LOH11CR 2A promoter were analyzed by
COBRA technique. Panels a and b showed frequent methylation
of HRASLS3 and RARREST upstream elements in NPC but not in
normal tissues. Methylation of MCC was not detected in both
normal and tumor cells. In panel d, methylation of LOH11CRZA
DNA sequence are invariably presence in both normal and tumor
cells. Square: unmethylated band; circle: methylated band;
-ve: control lane (water); T: NPC tissue; W: leukocytes; N:
normal nasopharyngeal swab.

and head and neck cancer.®'*""® The above findings not only
corroborate the results from our previous microarray study
but also help in elucidating the molecular epigenetic
changes underlying the NPC.

Table 4 Frequency of methylation status of candidate tumor suppressor genes in NPC comparing to control nasopharyngeal

epithelium and leukocytes

Gene Sample Promoter hypermethylation Total
Absence Presence

CCNA1 Normal leukocytes 30 (100%) 0 30
Normal nasopharyngeal epithelium 20 (100%) 0 20
NPC biopsy 24 (52.1%) 22 (47.8%) 46
Cultured NPC cells 0 9 (100%) 9

RARRES1 Normal leukocytes 30 (100%) 0 30
Normal nasopharyngeal epithelium 20 (100%) 0 20
NPC biopsy 22 (48.9%) 23 (51.1%) 45
Cultured NPC cells 1 (16.7%) 5 (83.3%) 6

HRASLS3 Normal leukocytes 30 (100%) 0 30
Normal nasopharyngeal epithelium 20 (100%) 0 20
NPC biopsy 34 (82.9%) 7 (17.1%) 41
Cultured NPC cells 5 (83.3%) 1 (16.7%) 6

(2007}, doi:10.1016/j.oraloncology.2007.05.008

Please cite this article in,-'p.nres_s as Yanatatsaneejit P et al., Promoter hypermethylation of CCNA1, RARREST..., Oral Oncol
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Figure 4 Bisulfite sequencing of candidate genes promoter,
Results of bisulfite sequencing display the anatomical pattern
of promoter hypermethylation of the three tumer suppressor
gene candidates; CCNAT in panel a, RARREST in panel b, and
HRASLS3 in panel ¢. Closed or opened circles are the methyl-
ated or unmethylated CpG or TG dinucleotides, respectively.

Function of cyclin A1 is unciear, whether it would act as
an oncogene or a TSG is currently unknown. However, cyclin
A1 is thought to play a role in oncogenesis because of its
involvement in cell cycle progression.'®'? Moreover, high
levels of cyclin A1 have been found in acute leukemia cell
lines and myeloid leukemia samples.”’ More recently, it
has been implicated that cyclin A1 might be involved
in DMNA-double-strand-break repair by interacting with
Ku70.2! In addition, there are several reports documenting
this gene to be down regulated and hypermethylated in
squamous cell carcinomas of the head and neck and the cer-
vical locations.?®?* Here, we retrieved the data from global
gene expression profile of NPC to search for candidate TSG
and found CCNAT to be one of the candidates as its expres-
sion was down-regulated in NPC. Furthermore, we found
that its promoter region was methylated in a sub-set of
NPC tissues but not in normal nasopharyngeal epithelial tis-
sue and leukocyte, Because transcriptional silencing by pro-
moter methylation is a common mechanism for an
inactivation of tumor suppressor gene, in the above regards,
cyclin A1 may play a role as a tumor suppressor gene in

HRASLS3 (H-ras like suppressor 3) is a class Il tumor sup-
pressor gene which is down-regulated in various cancer cell
lines derived from melanoma, neuroblastoma, adenocarci-
noma, and fibrosarcoma. There is evidence that promoter
methylation of this gene in lymphoma cells can result in
gene silencing.?*

From our microarray data, HRASLS3 is the gene, which is
down regulated in NPC and in this study, we detected pro-
moter methylation of this gene in NPC, which might be
responsibie for the inactivate of this putative tumor sup-
pressor gene in NPC.

RARRES? (retinoic acid receptor responsive element} is a
candidate tumor suppressor gene of human prostate cancer,
head and neck cancer and lung cancer, and recent evidence
suggesting that the promoter of this gene is methylated in
several of these cancers such as esophageal cancer, endome-
trial cancer, head and neck cancer, and lung cancer. " *°
indeed, promoter methylation of this gene has been de-
tected in head and neck squamous cell carcinoma but not
in normal tissue.?® Recently, other groups studying this gene
detected 90.7% promoter methylation in primary NPC,'
here we also detected 51% promoter methytation in primary
tumor and 83% in NPC cells. In addition, our microarray data
revealed that this gene was down-regulated in NPC,
therefore RARRES1 may be the impartant T5G in this cancer
type.

In conclusion, we report three putative tumor suppressor
genes, CCNAT, RARREST and HRASLS3, in NPC identified
from the analysis of available gene expression profiling
and alleotyping database, and the status of promoter hyper-
methylation. These three genes might well be the malecular
markers for NPC since their promoters are methylated in
NPC but not in normal cells. Further expanding the analysis
in broader panel of genes from the database and functional
study is warranted in the future.
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Maternal uniparental disomy of chromosome
16 resulting in hemoglobin Bart’s hydrops

fetalis

To the Editor. '

Since the first cases of maternal uniparental
disomy for chromosome 16 or UPD(16)mat was
described by Kalousek et al. in 1993, a handful of
cases have been diagnosed in newborn infants and
terminated fetuses (1-4). Most cases are associated
with confined placental mosaicism, with high
incidence of adverse pregnancy outcome (4, 5).
The most common findings include intrauterine
growth retardation, single umbilical artery, im-
perforate anus, and pulmonary and cardiac
malformations (1, 2, 4, 6, 7). Also, UPD(16)mat
individua! with normal phenotypes has been
reported (8). The only confirmed case with
UPD(16)pat was isodisomic and identified
through pre-natal detéction for abnormal
maternal serum screening; eventually, the child
was quite normal (9). Herein, we describe
a hemoglobin (Hb) Bart’s hydroptic fetus and
fetal malformations caused by UPD(16)mat.

The counselee is a 34-year-old G1P0 pregnant
Thai woman affected with Hb H disease caused
by heterozygous Southeast Asian (-SEA} and the
3.7-kb deletions of the alphal and 2 globin genes,
respectively. Her husband is Hb E heterozygote.
Ultrasound performed at a gestation of 23 weeks
showed a hydroptic fetus. Fetal blood from
cordocentesis showed Hb Bart’s hydrops fetalis
with —SEA globinl gene deletion but not the
other types of alphal globin gene mutations,
suggesting the following possibilities: non-pater-
nity, another rare but as yet unidentified alpha-
thalassemia | mutation inherited from the father,
or UPD(16)mat. Fetal autopsy showed charac-
teristic features of Hb Bart’s hydrops including
interstitial edema of skin, cardiomegaly, and
hepatosplenomegaly with extramedullary hemo-
poiesis. Single umbilical artery, bilobed right
lung and ileal Meckel’s diverticulum were found.
Retrospectively, a two-vessel cord was noted on
pre-natal ultrasonogram. Peripheral blood culture
for fetal karyotype analysis was unsuccessful.

It is unlikely that the husband has an uniden-
tified alpha-thalassemia 1 gene deletion, given
normal hematocrit, mildly small red cell size, and
percent Hb E as expected in a heterozygous Hb E
individual. Normally, heterozygote for- Hb E
with co-inheritance of alpha-thalassemia 1 will

Table 1. Hp typing and genotyping of a-globin genes®

"Hb typing and a-globin Abortus
gene genotype Mother Father (fetus)
Hb (g/dl) . 10 14 NA
Het (%) 37 42 NA
MCV (8099 {l) : 61.6  78.1 NA
Hb typing AzA EA Bart's
: Bart's H (100%)

Ho A (%) 764 613
Hb A2 (%) 1.1
Hb F (%) <0.5 0.8
Hb E {%) 335
Alpha globin gene analysis

w-thalassemia 1 deletions  SEA Not SEA

[-MED, -SEA, -THAI, found

—FIL, and -{e)20.5] )
a-thalassemia 1 point NA NA MNot

mutations {cd 14G>A found
and Hb Adana)
aotanti-3.7 gene triplication NA NA Not

- found
a-thalassemia 2 deletions 3.7 kb Not found Not
(-3.7 and -o4.2 ki) found

a-thalassemia 2 point NA NA Not
mutations (initiation cd found
T>C, c¢d 19-G, [V51-6nt,

cd 59 G>A,

Hob Quong Sze,

Hb Constant Spring,

Hb Icaria, Hb Pakse,

Hb Koya Dora, polyA-1,

and polyA-2)

_=FIL, Filipino mutation; Hb, hemoglobin, Hct, hematocrit;

MCV, mean corpuscular volume; —MED, Mediterranean
mutation; NA, no data available; —SEA, Southeast Asian
deletion; —THAI, Thai mutation.

2Analysis for additional uncommeon mutations of alphal and 2
globin genes were carried out by reverse -hybridization
assay for simultaneous detection of 21 a-globin mutations
using the e-globin StripAssay™ from Vienna Lab (12).
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have a lower Hb E level (around 20.7 = 1.2%)
(10). Analysis for additional uncommon muta-
tions of alpha globin genes in the fetal DNA
revealed negative findings (Table 1) (11, 12).
Microsatellite analyses were conducted after
informed consent given, following approval by the
Institutional Review Board. Paternity testing using
markers on 10 different chromosomes indicated no
conflict of paternity (AmpFLSTR® Profiler Plus™
ID PCR Amplification Kit, Applied Biosystems,
Foster City, CA). UPDI6 was analyzed by using
five microsatellite markers, D16S2618, D1652622,
D16S748, D165287, and D16S511. Primers for
polymerase chain reaction (PCR) amplification
of the markers were obtained from Research

(@) (b)
D1652618 z
HB A2
" HB A1
~~~HB Q1
:::::: ~D16S2618 —--~--
1091313 -D1652622 ------
e -DIBST48 ------
1:9!‘2 3 -D16S287 ———---
10p122
18p12.4
D16S2622 ::;::z
18q11.4
104112
18q12.4
109122
18413
D168748 g
18422,
o2 ~DIBS5M oeee
109223
1842314
164232
184223
100241
16q2d2
104243
D168287 Chromosome 16
D168611

Fig. 1. UPDI6 analysis and mechanism resulting in UPD(I6)mat.

Genetics (Huntsville, AL). PCR and gel electro-
phoresis were conducted as previously described
with the exception of gel visualization in which
after electrophoresis, the wet gel was transferred to
filter paper (Whatman, Maidstone, Kent, UK),
wrapped with Saran wrap and visualized by
Phosphorlmager using IMAGEQUANT software
(Molecular Dynamics, Sunnyvale, CA) instead of
overnight X-ray film exposure (13). The results of
UPD study showed maternal heterodisomy delin-
eated by marker D16S511 and isodisomy seg-
ment at 16p13.3 delineated by marker D1652618
(Fig. la,b).

In the present case, we proposed that recombi-
nation occurring between the maternal homologous

Father Mother Abortus
j )
- SEA T 37-kbDel  ~ SEA -~ SEA
4 1 3 1 1
2 1 2 1 2 N
2 1 3 1 3
2 1 172 1 122
Ly ) -
3 1 2 1 2
U U g i

Genotype

(a) Results of UPDI6 analysis shown on 6%

polyacrylamide/7 M urea gel and (b) cytogenetic map of chromosome 16 and locations of ax-globin gene cluster and
microsatellite markers. Note lack of transmission of the paternal allele of the markers D16S2618 (mat isodisomy) and
D16S511 (mat heterodisomy) to the abortus. D1682622 was non-informative, while D165287 was difficult to interpret if it
was mat isodisomy or heterodisomy. Although a UPD(16)mat cannot be delineated from D16S748, the finding of UPD by
D16S511 and D16S2618 were indirect evidence indicating maternal heterodisomy at this site. (¢) Proposed mechanism leading
to maternal uniparental heterodisomy with disomic segment of 16p13.3-pter as a result of recombination and meiosis I error
followed by trisomy rescue. A, abortus/fetus; F, father; M, mother: NI, non-informative; -SEA, Southeast Asian mutation.
Genetic locations of the markers are from the following database: the Genome Database (http://ncbi.nlm.nih.gov), the
National Institutes of Health/CEPH Collaborative Mapping Group (http://www.genlink.wustl.edu), and the Marshfield Map
(http://research. marshfieldclinic.org). Physical map was from the GDB Human Genome Database MAPVIEW 2.4 (http://

www.gdb.orgx).
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Fig. 1. Continued

chromosomes at 16p13.3 and non-disjunction at
maternal meiosis I resulted in gamete containing
extra chromosome 16 with isodisomic segment at
16p13.3-pter, which later fertilized by normal
gamete from her spouse, leading to zygote with
trisomy 16 followed by trisomy rescue with the
removal of the paternal chromosome (Fig. lc).
The recombination might have occurred between
the markers D16S748 and D16S2618 that are
30.2cM apart (Fig. Ib) (14). Without such
recombination, the fetus should have had
UPD(16)mat-related anomalies and Hb H disease.

To date, more than 40 examples of recessive
trait transmission by UPD have been observed
(15). Among these cases, UPD for chromosomes
1, 2, and 7 have contributed to the majority of
the recessive conditions (15). The studies of UPD
in cystic fibrosis (chromosome 7), Herlitz junc-
tional epidermolysis bullosa (chromosome 1),
and cartilage-hair hypoplasia (chromosome 9)
have indicated that UPD accounts for nearly 2-
4% of the cases (16—18). Of note, the present case
is one among 49 Hb Bart’s hydrops fetalis thus
far studied in thalassemia pre-natal diagnosis
laboratory at Ramathibodi Hospital.

Our data suggest that in the absence of a history
of non-paternity, Hb Bart’s hydrops fetalis with
homozygous mutation in a fetus of a couple in
whom only one parent is heterozygote of the
alphal globin gene deletion should be further
evaluated for possible UPD(16)mat, initially by
looking for two-vessel cord and fetal malforma-

Letter to the Editor

Fertilization and trisomy rescue

Fenilization

n=24

Uniparental heterodisomy
with segmental isodisomy

tions identified through pre-natal ultrasonogra-
phy or fetal autopsy followed by genotyping
analysis for UPD(16)mat and/or non-paternity.
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LINE-1 hypomethylation level as a potential

prognostic factor for epithelial ovarian cancer

J. PATTAMADILOK*, N. HUAPAIt, P RATTANATANYONG+t, A. VASURATTANA*,

S. TRIRATANACHAT®, D. TRESUKOSOL* & A. MUTIRANGURA

*Department of Obstetrics and Gynecology and fCenter of Excellence in Molecular Genetics of Cancer and Human
Diseases, Depuriment of Anatomy, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Abstract. Pattamadilok J, Huapai N, Rattanatanyong P, Vasurattana A, Triratanachat S, Tresukosol D,
Mutirangura A. LINE-1 hypomethylation level as a potential prognostic factor for epithelial ovarian cancer.
Int ] Gynecol Cancer 2008;18:711-717.

A genome-wide hypomethylation is a common and crucial event in cancer. This study was to evaluate com-
mon epithelial ovarian cancer (EOC) if long interspersed element-1 (LINE-1) repetitive sequences methyla-
tion levels are progressively decreased during multistage carcinogenesis and there are the correlation
between LINE-1 methylation levels and clinicopathologic characteristics. A total of 59 pairs of micro-
dissected EOC tissues obtained from patients with EOC were examined for the methylation levels of LINE-1
repetitive sequences by a COBRALINE-1 (combined bisulfite restriction analysis of LINE-1) PCR protocol.
The methylation levels were correlated with clinicopathologic parameters to determine the potential role of
global hypomethylation as a prognostic marker for EOC. The LINE-1 methylation levels of 59 EOCs, 34.87
7.39%, were lower than in representative normal ovarian tissues (46.89 + 8.31%; 95% CI: 9.42-14.62; P <
0.001, paired-two-tailed f test). A decrease in the LINE-1 level of methylation was correlated with histological
subtypes, higher FIGQ and advanced tumor grade. Patients with greater hypomethylation (i.e, a methylation
level <34.87%) had poorer mean overall survival (P = 0.003) and a lower mean progression-free interval (P <
0.001). Therefore, progressive decrease in LINE-1 methylation level is a common and important epigenetic
process in ovarian multistep carcinogenesis. Moreover, the COBRALINE-1 method has the potential to be
used as a tumor marker for EOC.

KEYworDs; COBRALINE-1, epithelial ovarian cancer, global hypomethylation, LINE-1 methylation,
turmor marker.

Epithelial ovarian cancer (EOC) is one of the most
significant gynecologic malignancies. The majority of
patients with EOC presents in an advanced stage and
eventually dies of disease persistence or recurrence
a short period after relapse. In fact, the 5-year survival
rate for patients with advanced disease is less than
20% ">, Many factors, such as age, FIGO stage, tumor

Address correspondence and reprint requests to: Apiwat
Mutirangura, MD, PhD, Center of Excellence in Molecular Genetics
of Cancer and Human Diseases, Department of Anatomy, Faculty
of Medicine, Chulalongkom University, Bangkok 10330, Thailand.
Email: mapiwat@chula.ac.th

]. Pattamadilok is presently at Chulabharm Cancer Centre, Chulab-
horn Research Institute, Bangkok, Thailand. N. Huapai is presently
at Mathayom Watsrichanpradit School, Samutprakarn, Thailand.

doi:10.1111/j.1525-1438.2007.01117.x

© 2007, Copyright the Authors
Journai compilation ® 2007, IGCS and ESGO

grade, and residual tumor®, are suspected to play
a role in the prognosis of EOC, and recently, much
interest has been focused on the molecular and genetic
changes which occur in EOC®™”. Over the past
30 years, there has been little change in the incidence
and mortality rates associated with ovarian cancer,
a likely manifestation of the lack of effective diagnos-
tic tools, which may play a role in the early detection
of the disease.

Global hypomethylation, demonstrated by the
downregulation of genome-wide methylated CpG di-
nucleotides, is one of the most common molecular
events in cancer® ", Genome-wide losses of methyla-
tion in cancer may lead to carcinogenesis"*"® and
may facilitate chromosomal instability"*"'®. In addi-
tion, the extent of genomic hypomethylation appears
to correlate with tumor progression and invasiveness
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in several cancer types"'”, including EOC”. Recently,
we developed an improved quantitative combined
bisulfite restriction analysis (COBRA) PCR protocol,
referred to as COBRALINE-1, that efficiently evaluates
the methylation status of LINE-1 repetitive sequences®
in genomic DNA derived from microdissected tis-
sues"®, LINE-1 sequences represent genome-wide
DNA since LINE-1s are highly repeated and widely
interspersed human retrotransposen sequences. LINE-
1s constitute about 17% of the human genome®. There
are up to 600,000 copies of LINE-1s in the human
genome. Approximately 2000 copies remain full
length™. We applied a modified COBRA PCR pro-
tocol to efficiently and quantitatively evaluate LINE-1
methylation status in the entire genome of isolated cell
populations. We demonstrated that most cancers
exhibit significantly increased levels of hypomethy-
lation compared with their normal tissue counter-
parts’%?Y. Recently, the technique has been used to
evaluate clinicopathological correlation with prostate
cancer™, In addition, we evaluated the sera of patients
with hepatocellular carcinoma and proved that serum
LINE-1 hypomethylation may serve as a prognostic
marker for patients with hepatocellular carcinoma®.
In this study, we described LINE-1 hypomethylation
in relation to multistage carcinogenesis. Consequently,
this relation should reflect how the genome-wide
methylation levels correlate with clinicopathelogic
characteristics of EOC'"**?, This study evaluated the
correlation between LINE-1 methylation levels and
histologic subtypes, tumor grade, FIGO stage, and dis-
ease recurrence. Moreover, we studied the potential
role of aberrations of DNA methylation in LINE-1 as
an independent prognostic marker for the survival of
EQOC patients. The outcome of this study may provide
additional epigenetic information regarding the differ-
ent pattern of multistage carcinogenesis in EOC.
Finally, the COBRALINE-1 technique has a high
potential to be used as a tumor marker for EOC.

Materials and methods

Patients and samples

The tumor registry of patients with EOC treated in the
Gynecologic Oncology Unit of King Chulalongkorn
Memorial Hospital between January 1, 1997 and
December 31, 2004 were retrospectively reviewed.
After preliminary study"® and calculation to yield
adequate number for further statistical comparison
among EOC classes, a total of 59 patients with ECC
who underwent primary surgical resection were ran-
domly selected to enroll our protocol. The patient’s

data, including medical history, initial laboratory pro-
file with preoperative CA125 level, preoperative and
postoperative ultrasonographic scans or CT scan of the
whole abdomen, operative record, pathology report,
adjuvant treatment regimen, clinical outcome, and
clinical status at the time of the last follow-up evalua-
tion were recorded. All of the enrclled patients were
reevaluated according to the surgical staging criteria
classified by FIGO of 1985, The surviving patients
were reevaluated within 24 months and the last
follow-up was offered on December 31, 2005. The
progression-free interval was defined as the time from
primary surgery to the onset of recurrence of disease,
as detected by physical examination, imaging, or tumer
markers. Overall survival was considered to begin at
the time of primary surgery until the patient died from
any causes or at the last follow-up examination.

The histopathologic diagnosis, including cell type,
tumor grade, and organ metastases of all resected
specimens, were reviewed by a gynecologic patholo-
gist (5.T.). The paraffin-embedded ovarian specimens
from the Gynecologic Cytopathology Unit were col-
lected and prepared in 5-um thickness sections on
slides for microdissection®®. The hematoxylin and
eosin stained {H&E) slides were reviewed and map-
ped to unstained paraffin-embedded slides to confirm
the areas of malignant and normal tissues needed for
study. After the unstained slides were deparaffined,
microdissection of cancer tissues was performed under
an inverse microscope. For the control group, the tissue
from the normal ovarian cortex of the same patient (i.e,
from the contralateral ovary or regions of the ipsilateral
ovary shown to be negative for malignancy using
histopathologic techniques) was microdissected and
mixed with lysis buffer solvent in micropipette tubes.

Exclusion criteria included two primary cancers,
mixed histologic subtypes of EOC, tumors of low
malignant potential, neoadjuvant chemaotherapy treat-
ment, or lack of availability of comparative normal
ovarian tissue.

DNA extraction and COBRALINE-1 PCR

COBRALINE-1 was performed as previously de-
scribed, with some modifications"%*”. Briefly, geno-
mic DNA was denatured in 0.22 M NaOH at 37°C for
10 min. Thirty microliters of 10 mM hydroquinone
and 520 pL of 3 M sodium bisulfite were added for
16-20 h at 50°C. The DNA was purified and incubated
in 0.33 M NaOH at 25°C for 3 min, ethanol pre-
cipitated, then washed with 70% ethanol and re-
suspended in 20 pL. of H,O. Two microliters of
bisulfited DNA was subjected to 35 cycles of PCR with

© 2007 IGCS and ESGO, Infernational Journal of Gynecological Cancer 18, 711-717
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two primers (5'-CCGTAAGGGGTTAGGGAGTTTTT-3"
and 5'-RTAAAACCCTCCRAACCAAATATAAA-3') at
an annealing temperature of 50°C. The amplicons
were digested in 10 pL reaction volumes with 2 U of
Tagl or 8 U of Tasl in 1x Tagl buffer (MBI Fermentas,
Burlington, ON, Canada) at 65°C overnight and then
electrophoresed in  12% non-denaturing poly-
acrylamide gels. The intensities of DNA fragments
were measured by Phosphorlmager, using Image-
Quant software (Molecular Dynamics, Sunnyvale,
CA). The LINE-1 amplicon size is 160 bp. The methyl-
ated amplicons, Tagl positive, yielded two 80 bp DNA
fragments; whereas the unmethylated amplicons, Tasl
positive, yielded 63 and 97 bp fragments (Fig. 1). The
LINE-1 methylation level was calculated as a percent-
age (the intensity of methylated LINE-1 digested by
Tagl, divided by the sum of the unmethylated LINE-1
digested by Tasl- and the Tagl-positive amplicons). The
same DNAs from Hela, Daudi, and Jurkat cell lines
were applied as positive controls in all COBRALINE-1
experiments and to adjust for interassay variation.

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware, version 11.5. The mean differences in the per-
centage level of methylation between EOC and
normal ovarian tissue and between subgroups of EOC
were analyzed by a paired sample ¢ test and an inde-

A 63 bp 80 bp
AACCG smmmCCGA

Tasl
AATTG ammTTGA mm&xlltnd LINE-1
Tagl
| 160 bp .
| 1

LINE-1 sequence

B M Daudi Hela K562 m==————Ovarian Tigsues =
g

Ry .-

e

Figure 1. Combined bisulfite restriction analysis of LINE-1 (CO-
BRALINE-1). (A) Schematic illustration of COBRALINE-1. The
LINE-1 amplicon size is 160 bp. Methylated amplicons, Tagl posi-
tive, yielded two 80 bp DNA fragments, whereas unmethylated
amplicons, Tasl positive, yielded 63 and 97 bp fragments. (B) An
example of COBRALINE-1. M, 10-bp DNA size marker; Daudi,
Hela and K562 are positive control and for adjusting interassay
variation. Ovarian tissues are ovarian cancer and normal cortex of
EOC patients. Tasl 63 and 97, unmethylated amplicons; Tagl 80,
methylated amplicons.

pendent sample t test, respectively. The analysis of
overall survival and progression-free survival time
was calculated using the Kaplan-Meier method and
the differences in survival between the groups were
compared using a log-rank test. The Cox regression
analysis was performed to identify which indepen-
dent factors had a significant influence on overall sur-
vival. The results were considered significant when
the P value was <0.05.

Results

LINE-1 methylation and clinicopathologic
correlations

Fifty-nine patients with EOC were enrolled in the
study. The mean age at the time of diagnosis was
49.6 = 11.9 years. Of the 59 patients, 30 (50.8%) had
early stage ovarian cancer and 29 (49.2%) had
advanced stage ovarian cancer. To determine LINE-1
methylation levels in patients with EOC, we per-
formed the COBRALINE-1 method in both cancerous
and normal ovarian tissues. The mean percentage
level of methylated amplicons was 34.87 + 7.39% and
46.89 + 8.31% in the cancer and normal groups,
respectively. The cancers were hypomethylated, hav-
ing lower methylation levels when compared with the
normal tissue counterparts (95% CI: 9.42-14.62, P <
0.001; Table 1). From this study, the LINE-1 methyla-
tion pattern was hypomethylated in EOC specimens
from 56 of 59 patients (94.9%). Even though there
were less striking differences in LINE-1 methylation
level between most cell types, mucinous possessed
higher methylation levels than endometrioid (Table 1).

Table 1. LINE-1 methylation in different histology, FIGO
stage, and tumor grade

% Methylation (+5D)

n Cancer P value Normal

Histology

Mucinous 12 3839(5.16) 0.05 47.88 (5.05)

Serous 14  36.02 (447) 0722 50.65 (7.78)

Clear cell 15 3266(591) 0.192 48.24 (5.15)

Endometrioid 18 33.47 (6.60) Reference 42.18(5.21)
FIGO stage

-1 30 36.62(5.21) 0.035 45.64 (5.17)

-1V 29 31.70(7.09) Reference 47.18(10.24)
Tumor grade

Grade 1 19 36.72(6.32) 0.020 45.57 (6.35)

Grade 2 10 37.51(5.06) 0.025 45.41 (8.58)

Grade 3 30 3197(6.76) Reference 47.54 (8.96)

Statistics were determined by independent two-tailed f test.
% methylation, mean of percentage level of LINE-1 methylation.
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When we compared LINE-1 methylation levels with
a reference group, the data demonstrated that loss of
genome methylation may be associated with more
advance or aggressive EOC phenotypes. There were
significant differences between combined EOC stages
Iand Il and III and IV (P < 0.05; Table 1). In addition,
grade 3 EOC possessed lowest TINE-1 methylation
level (P < 0.05; Table 1). This data, comparing
between EOCs and normal tissues and between
advancement of EOCs, concluded that genome-wide
methylation levels are progressively decreased during
multistage carcinogenesis.

Prognostic value of LINE-1 hypomethylation

By univariate analysis, FIGO stage, optimal surgery,
12-month recurrence of disease, and LINE-1 hypo-
methylation were associated with overall survival
(Table 2). By multivariate analysis, LINE-1 hypo-
methylation was analyzed with other variables that
may influence prognosis, such as patient age, FIGO
stage, histologic subtype, tumor grade, optimal sur-
gery, and disease recurrence. A Cox regression model
revealed that excessive LINE-1 hypomethylation, clear
cell carcinoma histologic subtype, and advanced FIGO

Table 2. Patients” status and clinicopathological features

stage independently had tendency to be associated
with a shortened overall survival (Table 3).

We then examined the potential prognostic value of
LINE-1 hypomethylation in ovarian cancer. The
median follow-up period was 24.6 months (range: 2.3—
93.9 months). The patients with EOC were divided
into two groups based on the mean level of LINE-1
methylation (34.87%). The mean overall survival time
of patients with less hypomethylation (methylation
>34.87%) was 5049 + 1.6 months, which was signifi-
cantly better than the patients with greater hypo-
methylation, who had a median overall survival time
of 30.83 £ 4.46 months and a mean overall survival
time of 52.70 + 8.65 months (P = 0.003 by the log-rank
test; Fig. 2). The mean progression-free survival time
of patients with less hypomethylation was 45.03 %
3.23 menths, which was significantly better than
patients with greater hypomethylation {median pro-
gression-free survival, 24.38 £ 3.66 months; mean pro-
gression-free survival, 21.23 + 3.23 months; P = 0.0008
by the log-rank test; Fig. 3). Therefore, the lower
genome-wide methylation levels correlate with more
advanced clinicopathologic characteristics. Moreover,
the COBRALINE-1 method has the potential to be
used as a tumor marker for EOC.

Status (cases)

Alive Death Risk ratio 95% CI P value
Age
<50 years old 24 7 0.900
>50 years old 19 6 1.063 0.409-2.761 '
Histological subtype
Mucinous 10 2
Endometrioid 14 3 1.059 0.208-5.401 0,698
Serous 9 5 1.500 0.303-7.432 ’
Clear cell 10 5 2.000 0.467-8.557
Grade
Well-differentiated 15 3
Moderately differentiated B 2 1.200 0.239-6.025 0.702
Poorly differentiated 20 8 1.714 0.523-5.621
Tumor stage
Tand II 28 1
11 and IV 15 12 12.889 1.795-92.561 <0401
Optimal surgery
No residual tumor 30 2
Resident tumor <1 cm 2 3 9.600 2.098—43.929 0.023
Residual tumor >1 cm 1 8 6.737 1.593-28.484
Recurrence in 12 months
No 42 2
Yes 1 1t 20.167 5.151-78.947 <0.001
LINE-1 hypomethylation
Methylation level >34.87% 26 1 0.001
Methylation level <34.87% 17 12 11.172 1.556-80.235 i
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Table 3. Multivariate Cox regression model of prognostic
factors of survival in patients with epithelial ovarian cancer

95% CI

Risk ratio P value

Histological subtype
Mucinous
Endometrioid
Serous
Clear cell

Tumor stage
land 11
1] and IV 11.014

LINE-1 hypomethylation
Methylation level

>34.87%
Methylation level
<34.87%

0.131
0.190
1.235

0.018-0.979
0.028-1.278
0.215-7.101

1.140-106.429 0038

0.087

6.997 0.755-64.841

Discussion

An increasing number of studies have described the
critical roles and clinical applications of epigenetic al-
terations in carcinogenesis, though most reports have
focused on the function of DNA hypermethylation in
silencing tumor suppressor genes" -~ . Cancer cells,
however, are frequently characterized by hypo-
methylation of the genome that largely affects the in-
tergenic and intronic regions of DNA, particularly
repeat sequences and transposable elements. This epi-
genetic process is believed to result in chromosomal
instability, increased mutation events, and altered
gene expression''>*®. Moreover, LINE-1s are human
retrotransposable interspersed repetitive sequences in
which some have retained the promoter and transpos-

11
1.0 Mathylation level > 34.87%
-""l
>
Z s ".,'
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5 | Methylation level < 34.87%
1
g -
4
0 20 40 ] 20 100

Months

Figure 2. Overall survival of EOC patients with difference LINE-1
hypomethylation status. Spot and black line represented more
LINE-1 methylation level <34.87% and >34.87%, respectively.
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Figure 3. Progression-free survival of EQC patients with difference
LINE-1 hypomethylation status. Spot and black line represented
more LINE-1 methylation level £34.87% and >34.87%, respectively.

able activities. Consequently, there are several possible
specific biological roles of LINE-1 retrotransposons,
and consequently, their methylation: (1) LINE-1 are
linked to genomic instability; not only are some
LINE-1 still retrotranposable®”, but also upregulation
of LINE-1 creates DNA double-stranded breaks®”,
(2) promoter hypomethylation of LINE-1 retro-
transposable elements activate antisense transcription,
as previously demonstrated in the c-met gene of
chronic myeloid leukemia®?, (3) the reverse transcrip-
tase of LINE-1 was demonstrated to possess a signifi-
cant role in controlling cancer cell profiferation and
differentiation®, and (4) the insertion of expression-
modulating LINE-1 sequences into host gene introns
was proposed to fine-tune gene expression{34]. Con-
sequently, LINE-1 methylation may control this
activity, and the consequences of LINE-1 demethyla-
tion may be locus dependent. Therefore, the level of
LINE-1 hypomethylation should be associated with
the cellular functions and clinicopathologic statuses
of malignancies®?.

Less is known how global hypomethylation evolves
in cancer. Vogelstein placed a genome-wide demethy-
lation step in premalignant colon cancer lesions®. We
found that histological subtypes and cancer pro-
gression determined global methylation levels. Mudn-
ous possessed higher methylation levels than
endometrioid. This may be the result of different mul-
tistep processes, similar to the differences in global
methylation levels between microsatellite stable and
instable colon cancers®. Higher levels of LINE-1 hy-
pomethylation in the late stages of malignant pro-
gression than in early stages and a prominent lower
global methylation levels in EOC than normal tissues.

© 2007 1GCS and ESGO, International Journal of Gynecological Cancer 18, 711-717
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Therefore, in EOC, 1LINE-1 hypomethylation is a pro-
gressive process developing during tumor pro-
gression, in addition to previous evidence of genomic
and LINE-1 hypomethylation occurmnng as a common
event in carcinogenesisuz'lum.

In the current study, we applied a modified COBRA
PCR protocol"? to efficiently and quantitatively evalu-
ate LINE-1 methylation status in the whole genome of
isolated cell populations. This new protocol targets
shorter amplicon sizes of the widely distributed LINE-1
sequences, which greatly improves the yield when
amplifying genetic material derived from micro-
dissected paraffin-embedded tissue. In this study, four
histological subtypes of EOC and non-neoplastic ovar-
jan tissues from patients who were treated in our
department were analyzed for patterns of LINE-1
methylation. Using the PCR-based technique on
LINE-1, the higher copies of sequences have allowed
much more efficient and rapid analysis of larger tumor
sets. The results of our study indicated that significant
decrease in LINE-1 methylation level occurs during epi-
thelial ovarian carcinogenesis. These results are also
consistent with recent data that have demonstrated
LINE-1 hypomethylation in other cancers”® and global
hypomethylation in ovarian cancer®’2%3 Moreover,
this study is the first that demonstrated that global
hypomethylation influences histology of EOC and sur-
vival of patients.

In conclusion, the significance of LINE-1 hypo-
methylation in EOC was demonstrated. Furthermore,
there was an association between genome-wide hypo-
methylation and some clinicopathologic characteris-
tics, including FIGO stage and tumor grade. LINE-1
hypomethylation also influences the prognosis of
EQC, Therefore, LINE-1 hypomethylation is an impor-
tant epigenetic process that is associated with ovarian
carcinogenesis and tumor progression.
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Abstract

GABRAZ and GABRG [, which encode the -2 and -1 subunits, respectively, of the GABA 4 receptor, are located in a cluster on chromosome
4p. The GABRA2Z locus has been found to be associated with alcohol dependence in several studies, but no functional varant that can account for
this association has been identified. To understand the reported associations, we sought to understand the linkage disequilibrium (LD} patteras and
haplotype siruetures of these genes. With close intergenic distance, ~90 kb, it was anticipated that some markers might show intergenic LD.
Variation in 13-SNP haplotype block structure was abserved i five different populations: European American, Affican American, Chinese (Han
and Thai), Thai, and Hmong. In the Hmong. a 280-kb region of considerably higher LD spans the intergenic region, whereas in other populations,
there were two or more LD hlocks that cross this region. These findings may aid in understanding the genetic association of this locus with alcohol

dependence in several populations.
© 2007 Elsevier Inc. All rights reserved.

Kevwords: Linkage disequilibrium; Aleohol dependence; G4BRAZ, GABRGI; Haplotype

v-Aminobutyric acid (GABA) is the major inhibitory
neurotransmitter in the human brain. It is widely involved in
the modulation of neurotransmission, particularly via regula-
tion of neuronal excitability [1,2]. GABA exerts its effects
through interaction with GABA receptors. Functionally, fast
synaptic inhibition in the mammalian CNS is mediated largely
by activation of the y-aminobutyric acid type A (GABA,)
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E-mail address: jocl.gelernter@yale.cdu (J. Gelernter).
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receptor (3], a ligand-gated receptor that is expressed in many
regions of mammalian brain. The working reccptor is
composed of five protein subunits that form a chloride
channel that remains closed until it binds its ligand. Each
subunit is a long-chain polypeptide with four putative o-
helical cylinder domains embedded within the cell membrane,
with the N-terminal end being extracellular [4.5]. The 19
distinct GABA » receptor subunits have been classified info o,
B, v, &, €, m, and p types [6]. Two o and two subunits are
typically part of the pentameric assemblies of GABA,
receptors. The particular subunit composition varies widely
among brain regions and species. GABA binds specifically to
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the recognition site in the GABA, receplor and forms a
chloride ion-selective channel that mediates neuronal mem-
brane potential [7-9]. Other pharmacologically important
molecules, for example, barbiturates, benzodiazepines, etha-
nol, and the anesthetic steroids, also interact with these
receptors, cither directly or indirectly.

Among the 19 distinct subunits of mammalian GABA4
receptors identified to date [6], the vy-aminobutyric acid «-2
receptor (encoded by GABRAZ) (OMIM 137140} is the subtype
that has received the greatest atlention in relation to alcohol
dependence risk. Based on its physiological role and its direct
interactions with ethanol [10], as well as evidence from genelic
linkage studies, it was suggested that the gene encoding the
GABA , receptor -2 subunit should be considered a candidate
locus for influencing risk for alcohol dependence [11-13].
Results from a genome-wide linkage scan by the Collaborative
Study on the Genetics of Alcoholism showed suggestive linkage
to alcohol dependence in the region of the GABA receptor gene
cluster on chromosome 4pl3-pl2. This region contains the
GABRGI, GABRA2, GABRA4, and GABRB! genes, encoding
v-1, 0-2, a-4, and (-1 subunits of the GABA, receplor,
respectively. Association studies considering some of these loci
indicated that a genetic predisposition to alcohol dependence is
related to polymaorphic variation at or near GABRA2 [14-17].
Edenberg et al. [14] reported a significant association between
SNPs in the GABRA2 flanking genes and alcohol dependence
(AD). They found that the region of strongest association with
AD extended from intron 3 to 58 kb beyond the 3’ end of the
gene, spanning 164 kb. This study included 31 SNPs within or
closely flanking GABRA2 that were significantly associated
with alcohol dependence. They also found that all consecutive 3-
SNP haplotypes within GABRA2—1 of the 5 haplotypes at the
5/ end of the gene and all 43 of the haplotypes starting within
exon 3 and extending to the 3’ cnd of the genc-—were
significantly associated with AD. The association was con-
firmed by Covault et al. [15], who compared allele frequencies
of 10 GABRA2 SNPs spanning the coding region in European
American (EA) controls and subjects with AD. The strongest
evidence of association was shown across a region encompassed
by 7 of the 10 SNPs, from 15279837 in intron 3 through rs567926
in the 3’ downstream region. This location provided the best
evidence for association in all studies published to date.
Subsequent studies have shown association of these GABRA?
SNPs and alcoho! dependence in populations of Eurepean and
American ancestry; including Russians, Germans, Finns, and
American Indians [16—19]. These replicated findings estab-
lished the importance of GABRA2 variation—or variation at loci

mapping close enough to GABRA2 to be in linkage disequili-
brium (LD) with associated markers—in discovering genetic
risks for AD.

GABRA? spans approximately 140 kb. There are 10
transcribed exons present in human GABRA2 mRNA
(NM_000807), with four major isoforms, consisting of
combinations of 2 alternative 5° and 3’ exons caused by
alternative splicing and (potentially) alternative promoter usc
[20]. Previous studies have employed sets of markers that
extended only through the 3 end of the GABRA2 genc to obtain
LD data; these data showed strong pairwise LD between the last
two markers at the 3 end of the haplotype block of each study,
consistent with the possibility of an extended LD block in the 3’
direction [15-18]. Across the intergenic region in the 3’
direction, the gene encoding the y-1 subunit {GABRGTI) of the
GABA, receptor is located. This gene spans approximately
83 kb and consists of 9 exons [21]. A consistent pattern of LD
was previously constructed in EAs; this study [19] also showed
an extended (193-kb) LD region, with D' 0.6-1.0. This region
of LD spans from rs279867 in GABRAZ intron 6 across the
intergenic region to rs1391168, which is located in intron 1 of
GABRGI [19).

We analyzed 13 SNPs, located either within these genes or in
the intergenic region. We aimed to provide sufficient SNP
density such that our SNP set would be informative for most
other nongenotyped SNPs that map to the region (Fig. 1). To
evaluate whether the effect of differing genetic background
among populations with different ethnicities is reflected in
distinct patterns of LD blocks, six populations were included:
European American, African American, and Han Chinese
American samples from the United States and Hmong, Thai,
and Chinese Thai from Thailand.

In this study, we consider the LD relationships within and
between GABRA2 and GABRG, to improve our understanding
of the previously reported associations between GABRA2 and
AD. The extent of LD in the populations of African, European,
and Chinese descent, represented by African American,
European American, and Chinesc American (USC), presented
in this study is comparable to that observed in the YRI, CEU,
and CHB populations in the International HapMap projects.
These data are complementary; some of our samples of
unrelated subjects are larger than those included in HapMap
and although the samples are of comparable ethnicity they are
not identical. Understanding LD patterns and the GABRAY/
GABRGI haplotype structure by extending it to multiple
populations also will facilitate inferring the evolutionary history
of any variant that increases AD risk.
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Results
Allefe frequency differences between populations

Allele frequencics in each population are presented in Table
1. The genotype distributions of all SNPs were consistent with
Hardy—Weinberg equilibrium expectations, in all populations.

Analysis of LD and tagging SNPs

LD and haplotype block structure results are summarized in
Fig. 2. Blocks were defined by LD analysis function and the
confidence-interval method [22-24] selected within the para-
meter list. Tn the Hmong (HM) population, high LD (D'>0.85)
extended from rs1497571 in intron 7 of GABRGI to 15279837
in intron 3 of GABRA2, a 280-kb segment, whereas in other
populations, there were two or more LD blocks across this
region. The LD block boundary observed in other populations
corresponds to lower D’ between rs10033451 and 15567926,
which are located 89 kb apart in an intergenic region. Based on
the SNP tagging function in Haploview, we determined that the
largest number of haplotype-tagging SNPs (htSNPs) required
was 7, in the African American {AA) population, whereas the
smallest number required was 3, in the HM population {Fig. 2).

Haplotype frequencies

Haplotype frequencies {for those >0.05) are summarized in
Table 2. The number of common haplotypes in populations
varied between 4 (HM) and 8 (AA). Haplotype diversity also
varied among poputations. Four common haplotypes in the HM
population accounted for 88% of the total information of all
haplotypes. For the other populations, the set of population-
specific common haplotypes represented 62-77% of the total
information.

In most of the populations studicd, there are two major
haplotype blocks. Block 1 includes SNPs A-F and spans a

Table 1

region of 93 kb, and block I includes SNPs G-I and extends
98 kb. The LD break (between these blocks) observed in most
populations corresponds to lower D’ between SNPs ¥ and G,
which are located 89 kb apart in an intergenic region. The
populations that showed different LD structure were the HM, in
which there was a single block spanning both of these blocks
(i.e., SNPs A through L), and the AA, in which we observed
four main blocks. In the AAs, block 1 was divided inte Ia
(comprising SNPs A and B) and Ib (SNPs D-F), and block TI
was divided into blocks Ia (SNPs H and I} and ITb (SNPs K and
1), as shown in Fig. 2. The EA and Thai (THT) populations alsa
showed a small difference in block definition in which smaller
blocks were defined rather than the two main haplotype blocks.
Three main haplotype blocks were observed in these popula-
tions. The definition of blocks it EAs is as seen in AAs, in
which LI breaks between SNPs B and C create subblocks Ta
and Ib, whereas block I in THT is divided into block Ta and Ib by
LD breaks between SNPs C and D (Figs. 2a and 2¢).

Since it was previously reported that in EAs the LD block
spanning from SNP G to SNP L contains haplotypes that are
associated with atcohol dependence [15], the two major
haplotype blocks (block Ib and block T1) examined in this
population across GABRAZ and GABRGI in this study were
used as a standard to compare haplotype frequencics among
populations. Three haplotype blocks were reconstructed in the
EA population, We analyzed frequencies of the four-SNP
haplotypes (block Ib) and the six-SNP haplotype (block 1)
compared to other populations. Block I, with SNPs C-F, covers
part of the 5' region, a 46-kb segment of the GABRGI gene, and
block II, comprising SNPs G-L, spans the 5' flanking region
through cxon 3 of the G4BRAZ gene. Block II corresponds to
that identified in a previous study [15] starting at rs567926
(SNP G) and extending to rs279837 (SNP L), covering a 97-kb
region.

Two major block T haplotypes, T-A-C-T and A-G-T-C, were
observed in all populations except AA (Table 3). These two
common haplotypes accounted for 78 (Chinese Thai, THC), 97

Logation and prevalence of allele frequencies of GABRGI and GABRA2 polymorphisms

Marker information

Populations

Marker Position Gene NT THC (N=38) HM (N=48) THT (N=39) AA (N=48) USC (N=100) EA (N=160)
A 1497571 45,900,178 GABRG! intron 7 [CIT]  0.66/0.34 0.73/0.27 0.62/0.38 0.38/0.62 0.57/0.43 0.56/0.44
B rs2350438 45,912,197 GABRGI intran 3 [C/T]  0.66/0.34 0.72/0.28 0.62/0.38 0.37/0.63 0.57/0.43 0.56/0.44
C 1391166  45946,795 GABRGI intron 1 [AT] 0.39/0.61 0.28/0.72 0.15/0.65 0.77/0.23 0.45/0.55 0.50/0.50
D rs10938426 45.959,163 GABRGI intron | {A/G] 0.66/0.34 0.72/0.28 0.59/0.41 0.30/0.70 0.56/0.44 0.51/0.49
E 57654165 45,967,995 Intergenic [CfT]  0.62/0.38 0.73/0.27 0.64/0.36 0.30/0.70 0.55/0.45 0.53/0.47
F 10033451 45,993,260 Intergenic [C/T) 0.28/0.72 0.24/0.76 0.34/0.66 0.2940.71 0.38/0.62 0.44/0.56
G rs567926 46,082,697 Intergenic [A/G] 0.46/0.54 0.43/0.57 0.49/0.51 0.81/0.19 0.54/0 46 0.61/0.39
H  rs534459 46.097,733 GABRAZ intron 9 [A/G} 0.50/0.50 0.55/0.45 0.48/0.52 0.71/0.29 0.46/0.54 0.39/0.61
I rs529826 46,112,580 GABRAZ intron 8 [CIT) 0.48/0.52 0.55/0.45 0.47/0.53 0.70/0.30 0.42/0.58 0.39/0.61
J 15279869 46,148,923 GABRA?2 intron & [G/T] 0.50/0.50 0.43/0.57 0.48/0.52 0.28/0.72 0.50/0.50 0.60/0.40
K 1279858 46,155,521 GABRAZ2 exon S¢synonymaous) {CT]  0.48/0.52 0.57/0.43 (0.52/0.48 0.15/0.81 0.53/0.47 0.39/0.61
L rs279837 46,180,251 GABRA2 intron 3 [A/G] 0.48/0.52 0.36/0.64 0.45/0.55 0.78/0.22 0.44/0.56 0.61/0.39
M 9291283 45,212,761 GABRAZ intron 3 [A/G] 0.13/0.87 0.18/0.82 0.17/0.83 0.33/0.67 0.04/0.96 0.26/0.74

Position is given sccording fo the numbering in GenBank database entry NT_006238 (Homo sapiens chromosome 4 genomic contig, reference assembly). NT
represents nucleotide change from allcle 1, GenBank NT_0N6238 strand. 0 allele 2. Both are presented in brackes [aflcle lallele 2]. Abbreviations: THC, Chinese
Thai; HM, Hmong; THT, Thai; AA, African American; USC, Chinese American; EA, European American.
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Table 2

Distribution of commen haplotypes among populations: 13 SNFs (A-M)
Haplotype: SNPs A-M THC HM THT AA USC EA
C-C-T-A-C-T-A-G-T-G-T-A-G 027 035 025 009 03 0.2
TT-T-A-C-T-A-G-T-G-T-A-G 0.16
C-C-A-G-T-C-A-G-T-G-T-A-G 0.08
C-C-A-G-T-C-G-A-C-T-C-G-A 0.08
TTA-G-T-C-G-AC-T-C-GG 007 024 012 021 (.08
C-C-A-G-T-C-G-A-C-T-C-G-G 0.07
T-T-A-G-T-C-G-A-C-T-C-G-A 0.05 0.06 0.0%
C-C-T-A-C-T-A-A-C-T-T-A-A 0.06
C-C-T-A-C-T-A-A-C-T-T-A-G 0.05
C-C-T-A-C-T-A-G-T-G-T-G-G 0.05
C-C-T-A-C-T-G-A-C-T-C-G-A 017 007
C-C-T-AC-T-G-AC-T-C-G-G 0.14 012 0ll 0.14
C-C-T-A-C-T-G-G-T-G-T-A-G ~ 0.06

TT-A-G-T-C-A-G-T-G-T-A-G ~ 0.06 006 0.05 007
T.T-A-G-T-T-A-A-C-T-T-A-G 015
T-T-A-G-T-T-A-G-T-G-T-A-G 0.06
T-T-A-G-T-T-G-A-C-T-C-G-G 0.08

Total 068 038 066 052 077 072

(HM), 79 (THT), 93 (USC), and 86% (EA) of those observed.
In AA, however, the most common haplotypes were T-A-C-T
and A-G-T-T (Table 3). For block 11 (six-locus LD analysis for
SNPs G-L), haplotypes A-G-T-G-T-A and G-A-C-T-C-G
represented the common haplotype in other populations with
83-96% of chromosomes; there was only 45% (26 and 19% for
A-G-T-G-T-A and G-A-C-T-C-G, respectively) in African
Americans {Table 4). The haplotype A-A-C-T-T-A was uniquely
found in Aftican Americans, with 48% of total chromosomes.

Discussion

With methodological developments in high-throughput
genotyping, and the development of large-scale genotyping
projects such as the international HapMap project, huge
quantities of data are being generated, making it possible to
measure comelations between SNP genotypes and create better
marker maps for association studies. Improved understanding
of underlying L.D-based mapping approaches has been helpful
in elucidating the relationship between common genetic
variation and heritable risk for common diseases {25-27].
Polygenic and oligogenic effects are considered to play
important roles in influencing complex traits and behaviors.
Further, it is likely that the genetic architecture of common,
complex traits will differ, at least to some extent, among major

Table 3
Haplotype frequencies reconstructed by comparing block Ib (8NP C-D-E-Fyin
Enropean Americans to other populations

Haplotype: SNPs C-F THC HM THT AA usc EA

T-A-C-T 0.56 0.73 0.53 0.26 0.55 0.46
AG-T-C 0.22 0.24 0.26 0.29 0.38 0.40
T-G-C-T 0.05
A-G-T-T 0.16 0.03 0.07 0.40 0.07

T-G-T-C 0.06

Total 0.94 1.00 0.92 0.95 1.00 0.91

Table 4
Haptotype frequencies reconstructed by comparing block 11 {SNPs G-L) in
European Americans to other populations

Haplotype: SNPs G-L THC HM THT AA UsC EA

A-G-T-G-T-A 0.40 0.35 0.40 0.26 0.40 0.62
G-A-C-T-C-G 043 055 0.44 0.59 0.44 0.34
A-G-T-G-T-G 0.02 0.05 0.01 0.02 0.06 0.01
G-G-T-G-T-A 0.08 0.01 0.03 0.0
A-G-T-T-C-G 0.02 0.02 0.06 0.07
A-A-C-T-T-A 048

Total 0.95 0.99 0.95 0.95 0.98 0.97

population groups. To understand the genetic basis of these
traits, we need to understand linkage disequilibrium profiles
and haplotype diversity in genomic regions of interest in
multiple populations.

In the present stady, we focused on two adjacent GABA,
receptor subunit genes, one of which has been associated with
risk for alcohol dependence in several previous studies. To
define extensively linkage disequilibrium in the chromosomal
region, morc SNPs covering the GABRGI gene located
telomeric 10 GABRA2 on chromosome 4p were studied. This
made it possible to investigate whether these two genes are
located within the same LD block and, more broadly, to
ascertain the possibility that the effect observed at GABRA2
could actually be mediated through a variant mapped fo
GABRG!. We conclude that this is in fact the case, and
associations observed with GABRA2 might be attributable to
functional genetic variation at the GABRGI locus, or there
may be disease-related variants at both loct; this may facilitate
our understanding of reported associations between GABRAZ
polymorphisms and AD and pemnit a more informed search
for the functional variant or variants underlying this associa-
tion —a search that must now extend into the intergenic region
and the GABRG/ locus. Tt is not known how well genetic
information from the four HapMap populations (CEU, YRI,
JPN, and CHB) represents that of other populations around the
world; it is thus useful to answer this question directly,
especially for loci of great interest.

Allele frequencies for the 13 SNPs of GABRA2 and
GABRGI that were genotyped in this study in six different
populations from three continents provide a measure of allcle
distribution and different LD} patterns among populations.
These results should allow investigators studying populations
similar to those characterized herein, or admixed population
derivatives, to explore associations between these genes and
substance dependence and other phenotypes.

This study provides the first comprehensive analysis of
patterns of LD spanning these two important genes. In general,
LD block size might vary between different populations in
which differences in the degree of admixture and ancestry are
found. Thus, from generation to generation, differences in LD
between markers from the initial populations due to LD decay
can be observed by changes in LD block and haplotype
structure and long stretches of LD that can reflect haplotype
diversity [28,29]. That is clearly the case for these loci in the
populations studied. We have systematically analyzed SNPs
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covering the range of GABRA2 and GABRG! in the GABA
receptor cluster on human chromosome dp, estimating haplo-
types in a total of 453 unrelated healthy individuals. The more
complex LD structure found in the African American popula-
tion is consistent with what is known about the population’s
history, i.e., that it is older than the Asian and European
populations, which show less complex LD patterns. This is
consistent with the observation of Gabriel er al. [22] that
haplotype blocks found in African populations showed a set of
shorter genomic LD blocks than samples from Europe and Asia.
While haplotype blocks defined in African Americans indicated
the presence of four main LD regions spanning all 13 of the
SNPs examined, we found that Chinese populations both in
Thailand and in the United States and the Thai population were
characterized by a two-block structure in this genomic region.
In contrast, the Hmong population, which is an isolated
minority hill tribe dwetling in the northem part of Thailand,
was found to have a unigue long-ranged haplotype block
structure with a single block encompassing the two blocks
observed in the others. This interesting finding in the Hmong
population may be attributed to the occurrence of recent
selection that can be reflected in long-range haplotypes [30].
Alternatively, the Hmong population may be relatively new or
have undergone a recent bottieneck [31]. A small number of
htSNPs are generally sufficient to capture most of the haplotype
structure in high LD regions [29,32]; consistent with this
expectation, only three htSNPs were required to capture the
haplotype block diversity in the Hmong population, whereas
four hiSNPs were necessary for THC, five for EA and USC, and
six for THT. In the AA population, there were four haplotype
blocks in the same region; 7 SNPs were sufficient to capture
most of the genetic information of the total 13 $NPs. As can be
secn in Fig. 2, 159291283 (SNP M) showed very low LD with
the other SNPs examined, falling outside the limits of the
haplotype block. Thus, it was tagged as a htSNP for all groups.

LD analysis based on HapMap data with a denser SNP
map (Fig. 3) shows that LD definitions in our sample are
consistent with thosc based on well-characterized HapMap
populations. The LD regions observed in this study, European
American, African American, and Chinese American, are
similat to those observed in CEU, YRI, and CHB,
respectively, from the HapMap project (Fig. 3), whercas the
LD pattemn in our Thai populations, compared to the HapMap
CHB population, is slightly different in THT and THC and
very different in the Hmong population. This suggests a
degree of genetic differentiation among these populations. The
Thai population may have unigue genetic  characteristics,
especially the minority Hmong population (recruited in
Thailand but present in other Asian countries, inchuding
China and Laos, as well).

Because each population has its own evolutionary history in
which distinct allele frequencies, LD pattems, and haplotype
structures can develop, a number of studies show that htSNPs
must be defined within specific populations to identify optimal
sets of markers for association studics [33-35]. Previously,
GABRA2 haplotype structure was reported only in EA, AA,
and Russian populations [15,16,19]; the present study docu-

ments LD patterns and haplotypes in three different Asian
populations. As shown in European Americans by Covault et
al. [15], seven markers spanning the GABRA2 genc defined an
LD block associated with AD. Our study, which used six of
those seven markers (we omitted 15279844}, also shows a
haplotype block defined by SNPs G (rs567926) to L
(rs279837) that confirms the same region of strong LD in
European Americans.

Haplotype frequencies in both LD blocks found in Aftican
Americans were uniquely different from those observed in other
populations. In the Hmong population, we observed a small
number of 13-SNP haplotype pattems indicative of low
diversity, commonly found in an isolated population.

Tn the analysis of the four-SNP (C-F) and six-SNP (G-L1)
haplotypes, the two haplotype blocks observed in EAs
differed from those in AAs. Specifically, the six-SNP
haplotype defined by SNPs G-L identified two complemen-
tary common haplotypes, A-G-T-G-T-A and G-A-C-T-C-G, as
reported by Covault et al. [15], which together accounted for
97.8% of chromosomes (in the control sample), that
represented 96% of chromosomes in the European American,
90% in the Hmong, 84% in the THT and USC, 83% in the
THC, and, interestingly, only 45% in the African American
populations. The African American population showed a
speeific haplotype, A-A-C-T-T-A, which was not observed in
the other populations. In the case of both the four-SNP and
the six-SNP haplotypes, only one recombination event is
requited to explain the presence of the third unique but
common haplotype in the AA sample. The lack of these two
common haplotypes in non-African populations may be
explained by one of two most likely scenarios: (1) The
recombination events took place in Africa after humans
migrated out of Africa and subsequently rose to high
frequency cither from genctic drift or positive selection. (2)
The recombination events predate migrations out of Africa,
but due to a bottlencck effect were not represented in
founding populations in either Europe or Asia or were
present at such low frequencies that they were lost through
genetic drift.

Only small differcnces were observed between haplotype
frequencies in the European American and Asian popula-
tions. Further, no significant differences werce found 1in
haplotype frequencies between any two Asian groups except
in comparisons involving the Hmong.

In conclusion, this study presents patterns of specific
htSNPs and LD block structure in six different populations:
European American, African American, Chinese American,
and three from Asia (i.e., Thai, Chinese Thai, and Hmong).
LD extended from most of the GABRA2 gene through the
GABRGI locus in the same GABA, cluster region on
chromosome 4p, suggesting the possibility of association {and
interaction) of both of these two genes with alcohol
dependence. Differences in genetic architecture observed in
these populations may help to define the physical and
genetics regions of GABRGI and GABRA2 that contain an
as vet unidentified alcohol dependence-related functional
change.
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Materials and methods
Populations

A totat of 450 unrelated subjects were included in this sudy, from Thailand
and the United States. The swudy sample of Thai populations was recruited as
adult blood donors ages 18 years and older from the Thai Red Cross. Only
individuals who reported that all four grandparents were of either Thai or
Chincse Thai cthnicity were included, resuiting in panels of 56 THTs and 38
THCs. Forty-eight subjects of HM descent were recruited from a hill tribe
population near Chiang Mai, Thailand. Related subjects were identified and
excluded based on an ML-Relate analysis {361, as described elsewhere [31].
Samples from the United States were from three different sources. USC DNA
samples were obtained from a Han Chinese samnple panel (Caulog No.
HDNOCHT) available from Coriell Cell Repositories {Camden, NJ, USA). This
sample comprises 50 males and 50 females, all of whom reported that all four of
their grandparents were born in Taiwan, China, or Hong Kong. The 160 EA and
48 AA subjects were recruited at the University of Connecticut Health Center or
at the VA Connecticut Healthcare System, West Haven Campus. All subjects
enroiled in the study provided informed consent as approved by the institutional
review board at the appropriate institution.

Selection of SNP markers

We selected 13 SNPs with minor allele frequency >0.15, based on their use
in previous smdies and/or map position. These SNPs span the 312.6-kb region
including GABRA2 and GABRG/ and were genotyped in the six populations
described shove. Six SNPs that mup to GABRAZ {(rs567926, 13334459,
5529826, rs279869, 15279858, and rs279¥37) are a subset of the 10 SNPs
reported previously by Covault et al. |15] and are designated here as SNPs G to
L, respectively. The other 7 SNPs include 3 intergenic SNPs and 4 that map to
GABRG!, selected from the NCBI database based on LD and intermarker
distance. No SNPs resulting in amino acid change are known to map in this
region; only 1 known nonsynonymous SNP (r5279838) in thc GABRA2 coding
region was genotyped (Tabie 1), All of these $NPs were polymorphic in all
populations.

Genolyping

The TagMan method, a fluoragenic assay based on §'-nuclease activity {37],
was employed for genotyping. All 13 SNPs were identified in all subjects by
using specific assays synthesized and designed by Applied Biasystems {Foster
City, CA, USA). All of thesc TagMan probe primers are available as ABL
*Agsays-on-Demand.” Each PCR was performed wilh a reaction volume of 2 !
inchuding 1% conceneration of TagMan 2 Universal FCR Master Mix (Applied
Biosystems), 1x concentration of 20x assay mix, distilled water, Ix
concentration of 100x BSA, and 2 ng DNA. PCR amplification was
accomplished using an ARI 9700 thermocyeler at 95 °C for 10 min, followed
by 15 5 a192 °C, and then 60 s at 60 °C for 40 cycles, befare detection in the ABI
Prism 7900HT scquence detection system and analysis using software available
from Applicd Biosystems.

Statistical analysis

Allele frequencies for each SNP marker were calculated using Powermarker
|38). The Hardy—Weinberg equilibrium exact test was applied. The extent of LD
was estimated using the confidence-interval method in Haptoview software
version 3.32 (available at http:,n'!mvw,bmad.mil.cdu,fmpg;hapluvicw) [39],
based upon pairwise || calculation between markers, LD} measures and
haplotype block structure were obtuined using the program Haploview.
Minimum percentage of genotype was set 1o exclude markers in which fewer
than 75% of individuals were genotyped. Most markers exceeded this ratio,
except rs1391166, 510938426, and 57654165 in the THC population and
1301166 and rs529826 in the AA population. Genotype data for SNPs in the
same region ranging from chromosome 4 nuclectide 45,874,178 w nt
46,226,602, which spans these two genes and covers all of the 13 3NPs, wer¢
downloaded from the HapMap project Web site (http:/swww.hapmap.org) and

were analyzed by Haploview to compare LD block structures berween our
populations and the three HapMap populations of comparable ethnicities (EA
compatable to CEU, AA comparable to YRI. and Asian populations USC,
Thais (THT, THC), and HM comparable to CHB from H apMap). Comparisons
were made in two scales. The 11 SNPs presented in our study that were also
genotyped in the HapMap population were selected for Haploview analysis,
but there were no available genotypes for SNPs B and 1 (rs2350438 and
18529826, respectively) in the HapMap dataset. LD patterns, including ail
informative SNPs (with minor allele frequency >0.15), were selected from
HapiMap for analysis. We also analyzed subsets of our dataset defined as
htSNPs selected from LD blocks using the Tagger function within Haploview.
Analysis was performed using both “pairwise” and “aggressive tagger”
Haploview functions. This function is an extension algorithm developed by
Carlson et al. [23] and based on de Bakker's tapger [24]. To examine
haplotype frequencies of the hiSNPs, Phase 2.0.2 saftware [40]. based on
Bayesian statistical methods, was employed to recoustruct and estimale
haplotype frequencics,
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Summary In search for putative tumor suppressor genes critical of nasopharyngeal carcinoma
(NPC), we analyzed the available information from the expression profiling in conjunction with
the comprehensive alleatyping published data relevant to this malignancy. Integration of this
information suggested eight potential candidate tumor suppressor genes, CCNAT, HRASLS3,

ff“g; h l RARRES1, CLMN, EML, TSC22, LOH11CRZA and MCC. However, to confirm the above observa-
as .p ar\nr;rl?gea tions, we chose to investigate if promoter hypermethylation of these candidate genes would be
E?{E;:DA 1: ' one of the mechanisms responsible for the de-regulation of gene expression in NPC in addition

to the loss of genetic materials. In this study, we detected consistent hypermethylation of the
5 element of CCNAT, RARREST, and HRASLS in NPC tissues with prevalence of 48%, 51%, and
17%, respectively. Moreover, we found a similar profile of promoter hypermethylation in pri-
mary cultured NPC cells but none in normal nasopharyngeal epithelium or leukocytes, which
further substantiate our hypothesis. Our data indicate that CCNAT, RARREST, and HRASLS3
may be the putative tumor SUppressor genes in NPC.

© 2007 Published by Elsevier Ltd.

RARRES1;HRASLS3

Abbreviations: CCNA1; cyclin Al; RARREST, retinoic acid receptor responsive element; HRASLS3, h-RAS like suppressor; NPC,
nasopharyngeal carcinoma.
* Corresponding author. Address: Medical Oncology Unit, Department of Medicine, Faculty of Medicine, Chutalongkern University, Rama IV
Road, Patumwan, Bangkok 10330, Thailand. Tel.; +66 2 256 4533, fax: +66 2 256 4334,
E-mail address: virote.s@chula.ac.th (V. Sriuranpong).

1368-8375/6 - see front matter ® 2007 Published by Elsevier Lid.
doi:10.1016/j.oraloncelogy. 2007.05.008

Please cite this article’in press as: Yanatatsaneejit. P et ql‘i-, Promoter hyp methylation of CCNAT, RARRES1.:, Oral Oncol
(2007, doi;lO._lOIGlj._o{ﬂlcz@nﬂiogjf.2097.05ff90_8.»;: R O & o ¥ L




j

i. M-EM A RE s ,M::.r- - pra o ”“%‘) -.-w—-m-.—j
2 P. Yanatatsaneejit et al.
Introduction of SDS at 50 °C overnight, followed by phenol/chloroform

The development of nasopharyngeal carcinoma (NPC) ap-
pears to be associated with the Epstein-Barr virus (EBY)
infection together with multiple genetic and epigenetic
alterations of the nasopharyngeal epithelium."3 Regarding
the latter, many studies have now demonstrated that the
epigenetic changes may underlie the molecular basis of
these lesions. For example, the extensive and high resalu-
tion alleotyping studies revealed potential tumor suppressor
gene loci in NPC on chromosomes 3p, 9p, 9q, 11q, 12q, 13q,
14q, and 16q."* In addition, the recent studies have identi-
fied that certain genes residing within these chromosomal
loci are aberrantly hypermethylated, such as RASSF1A
{3p21.3), RARB2 (3p24), and p1 6INK4A {‘3;)21).5'7 However,
for most of the loss of heterozygosity {LOH) loci, the pres:
ence of candidate tumor suppressor genes (T5G) has not
been thoroughly investigated.

Previously, we have analyzed the mRNA expression pro-
file of a small sub-set of NPCs by using laser capture micro-
dissection coupled with high density cDNA microarrays and
identified several aberrantly expressed genes which may
play a role in NPC pathogenesis.‘I Here, we have applied
the integrated information acquired from both our mRNA
expression profile together with the genome-wide alleotyp-
ing data, to further define whether any of these motecules
might represent potential T5G candidates. Genes whose
expressions was down-regulated, as detected by the micro-
array experiments, were matched to the critical regions for
LOH of either chromosomes 13 or 14, as there are some evi-
dences suggesting that these may be the locations of
T5G. 14919 |n addition to the above criteria, we further
investigated if the hypermethylation of 5 regulatory ele-
ment of these genes would be an additional mechanism of
the gene silencing in NPC. Our data indicate that in NPC
but not in normal samples, there are the promoter hyper-
methylations of certain critical genes (CCNAT, HRASLSS,
and RARRES1), which were shown to be down regulated in
our previous microarray study, suggesting that these genes
may potentiaily function as T5SG in NPC.

Materials and methods
Tumor samples and DNA extraction

Primary NPC tumor samples were surgically obtained from
patients with appropriate infarmed consent at The King
Chulalongkorn Memorial Hospital. Samples were then di-
vided into two portions. The first partion was fixed in forma-
lin and was submitted for routine histopathological
examination, and the second portion was immediately
snap-frozen and stored in liquid nitrogen until use in further
experiments. Control nasopharyngeal epithelium was ab-
tained from nasopharyngeal swabs of unrelated patients in
the Department of Otolaryngology who had clinically de-
fined normal nasopharyngeal mucosa. Control blood samples
were collected from unrelated healthy donors. All samples
were tested to confirm the presence of the genetic material
of EBY following the method previously described. "'
Extraction of genomic DNA was performed with protein-

extraction and ethanol precipitation."

Cultured NPC cells

Primary NPC tissue was finely chopped, suspended in 0.25%
collagenase (Life Technologies, Gaithersberg, MD), and
incubated at 37 °C, 5% CO, for 4—5 h. After centrifugation,
the collagenase was discarded and the pellet subjected to
two washing steps with 5 ml DMEM (Dulbecco’s Modified Ea-
gle Medium; Life Technologies, Gaithersberg, MD) each.
Subsequently, the pellet was resuspended in serum and
growth factor free DMEM with 1% penicillin/streptomycin
added, and incubated at 37 °C, 5% CO; until the cell layer
had spread sufficiently to be further sub-cultivated. Pellets
of NPC cells with limited passages were collected for DNA
extraction.

Presence of NPC cetls was confirmed by the detection of
LOH of chromosome 3, 9, and 14, using microsatellite anal-
yses for the following markers; D351 038, D145283 and TCRD,
in order to canfirm the complete loss of heterozygosity as
well as showing the absence of contaminating normal tissue.
Briefly, one strand of each primer pair was end-labeled at
37 °C for 1-2h in a total volume of 10 pl containing 10 pM
primer, 0.025mCi [?P] yATP (Amersham, Aylesbury, UK)
at 3000 Ci/mmol, 10 mM MgCl, 5mM DTT, 70 mM Tris—HCL
(pH 7.6) and 10 units of T4 polynucleotide kinase {New Eng-
land Biolabs, Beverly, MA). The kinase reaction was then
added to the PCR buffer mix. The PCR reactions were per-
formed in a total volume of 10 pl using S0ng of genomic
DNA in 200 M dNTP each, 10mM Tris—HCL (pH 8.4),
50 mM KCl, 1.5 mM MgClz, 0.5 units of Thermus aquaticus
DNA polymerase (Perkin—Elmer Cetus, Norwalk, CT) and pri-
mer concentrations were 0.05—0.5 pM each. The PCR reac-
tions were optimized as follows: an initial de-naturation
step at 95 °C for 4 min, 25 cycles of de-naturation at 94 °C
for 1 min, annealing at 55 °C for 1 min, extension at 72°C
for 2 min, and a final extension at 72°C for 7 min. The
PCR products were analyzed with electrophoreses in 6%
polyacrylamide and 7 M urea gel.

Sodium bisulfite modification

The DNA samples were subjected to bisulfite treatment.”™”
Briefty, 2 pg of genomic DNA were denatured in 0.2 M so-
dium hydroxide. Subsequently, 10 mM hydroquinone (Sig-
ma—Aldrich, St. Louis, MD) and 3 M sodium bisulfite
{sigma—Aldrich, St. Louis, MO) were added and incubated
at 50 °C for 16—20 h. The modified DNA was then purified
using Wizard DNA purification resin (Promega, Madison,
W) followed by ethanol precipitation.

Duplex MSP and COBRA

We used the duplex methylation specific PCR (MSP) to
determine the methylation status of CCNAT, TSC22, CLMN,
and EML1 and performed the combined bisulfited restriction
analysis (COBRA) to analyze the promoter hypermethylation
of HRASLS3, RARREST, LOH11CR2A, and MCC. The PCR reac-
tions contained 1x PCR buffer (Qiagen, Chuo-ku, Japan),

ase K (Amersham, Aylesbury, UK) digestion in the presence
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ate PCR primers (Table 2, 1u of hotstarTaq (Qiagen, Chuo-
ku, Japan}), and 80 ng of bisulfited DNA. Cycles of PCR ampli-
fication were as follows: an initial de-naturation step at
g5 °¢ for 10 min, followed by 30 cycles of de-naturation at
95 oC for 1 min, annealing at 48--55 °C for 1 min {Table 2),
extension at 72°C for 2min, and the final extension at
77 °C for 5min. In the COBRA analysis, all PCR products
were digested with Tagl enzyme and subjected to electro-
phoresis in 8% native polyacrylamide gel. Methylation of
the TCGA sequence in gel was visualized using phosphoim-
ager after staining with Syber Green.

Bisulfite genome sequence analysis

We performed additional analysis of the bisutfited DNA by
subcloning the fragments into pGEM — t Easy Vector System
] (Promega, Madison, Wl}, which was then subjected to se-
guence analysis using the ABI prism 3100 Genetic Analyzer
{Applied Biosystems, CA} for the presence of methylated
nucleotides in all the samples.

Statistical analysis

Fisher's exact and Chi-square tests were used to determine
the association between clinical parameters and the pres-
ence of promoter hypermethylation of the studied genes.

Results

Selection of tumor suppressor gene candidates
from the genome-wide expression analysis of NPC

From our previous microarray analysis, we re-evaluated the
data in order to search for potential candidate TSG. We
first retrieved a list of genes whose expression was shown
to be differentially down-regulated in NPC when compared
to the normal nasopharyngeal epithelium. We next applied
two additional selective criteria including the genes that
have previously been shown to be tumar suppressor genes
in other cancer types as well as the genes residing within
the critical regions of LOH in chromosomes 13 and 14,
which are alse thought to be the important areas in
NPC.V*%1% From the 238 down-regulated genes in NPC,®
we found four genes that have been indicated to be puta-
tive tumor suppressor genes in other tumor types:
HRASLS3 B2 RARREST,%'3® LOHT1CR2A,*"7 and mee®
Furthermare, we selected CCNAT and TS(22 whose genetic
locations are within the critical LOH region of chromosome
13 at position 35,948—35,949 kb and 44,010—44,020 kb,
respectively. Similarly, we selected EMLT and CLMN, whose
expression was differentiatly down-regulated, residing
within the critical region of LOH in chromosome 14 at posi-
tion 98,320—98,330 kb and 93,710-93,720 kb. Under the
above selection algorithm, we were able to identify eight
putative genes with potential tumor suppressor activity
(Table 1). Fotd difference of geometric means (T/N) were
calculated by using fractionate with geametric mean of ra-
tios in class 1:N and geometric means of ratios in class 2:T
as described pre\:fiously.B The ratios of less than 1 indicate
a relative down-regulation of gene expression in NPC
~ lesions.

Table 1 Ratios of eight selected candidate genes from
microarray data and their chromosomal region

Gene Chromosomal Fold difference of
tocation geometric means {T/N)
CCNat 13q12.3—g13  0.404
T5C22 13q14 0.355
EMLT 14932 0.308
CLMN 14q32.2 0.237
HRASLS3 11q12.3 0.261
RARRES1 3q25.32 0.124
LOHTICR2A 11423 0.443
McC 5q21—q22 0.204

Analysis of the methylation status of promoter
regions of candidate genes

We further investigated the potential mechanism which
might be responsible for the down-regulation af all eight
candidate genes. The 5 elements of all eight genes were
analyzed for methylation status by either MSP or COBRA
technique (Table 2) in several NPC tissues and control nor-
mal peripheral blood leukocytes. All NPC were tested posi-
tive for EBY, whereas the control tissues were absence of
EBV genetic materials. The presence of promoter hyperme-
thylation in NPC was detected on CCNAT, RARRES? and
HRASLS3 promoter but not in the control leukocytes (Figs.
2 and 3, and Table 3). However, there was 1o hypermethy-
lation detected on MCC, TSC22, EMLT and CLMN upstream
regulatory regions. Additional experiments demonstrated a
partial methylation of LOH11CR2A promoter which could
be observed in both NPC and contral leukocytes {Figs. 2
and 3 and Table 3). The above findings in conjunction with
the under-expression of these genes found by the micro-
array experiments suggest that the promoter hypermethyla-
tion of CCNAT, RARREST and HRASLSI may he crucial in
regulating expression of these genes especially in NPC.

Promoter hypermethylation of CCNAT, RARRES1
and HRASLS3

To further validate the crucial role of the promoter hyper-
methylation of these T5G candidates in NPC carcinogenesis,
we determined the frequency of methylation of RARRES 1,
HRASLS 3 and CCNAT in approximately 40 NPC tissue sam-
ples either by COBRA or MSP PCR. An additional 10 primary
cultures of relatively pure population of NPCs with no nor-
mal cell contarmination as indicated by our LOH study
(Fig. 1), were also analyzed for the methylation status af
these genes. We used several controls in this study including
20 normal nasopharyngeal swabs and 30 peripheral blood
leukocytes from healthy subjects or non-cancer patients.
strikingly, in all normal cells including nasopharyngeal epi-
thelium and WBC, we could not demonstrate the presence
of promoter hypermethylation of all the studied genes
(Table 4). In contrast, NPC tissues displayed frequent pro-
moter hypermethylation of for RARREST, HRASLS3, and CCNAT
at 51%, 17%, and 48%, respectively (Table 4). Moreover, we
confirmed the frequent promoter hypermethylation in isolated
NPC cells to avoid normal cells contamination and found 83%
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Table 2 Selected candidate genes and primers used to detect methylation

Gene Detection Primer Sequence Product size/Tm (bp/°C}
CCNAT? MSP CCNAT met (F) TITCGAGGATTTCGCGTCGT 46/53
CCNAT met (R) CTCCTAAAAACCCTAACTCGA
CCNAT unmet (F) TTAGTGTGGGTAGGGTGTT 67/53
CCNAT unmet (R} CCCTAACTCAAAAAAACAACACA
TSCC22? MSP TSCC22 met (F) TTTAGTGTTTTGAGGTCGTC B7/48
TSCC22 met (R) TAAAATAAACTAACCTAACGCGA
T5CCZ22 unmet (F) GGGATATAGTTTTGGGGATT 190/48
TSCC22 unmet (R) ATAAACTAACCTAACACAAACCA
CLMN® MSP CLMN met (F) AAACCTAACTAACAAACGCG 185/55
CLMN met (R) TCOTATTCGTCGTTTCGC
CLMN unmet (F) TGTTGTGATTTTAGTTTTGTGGT 96/55
CLMN unmet (R} CCAACACAACACAAACAACA
EMLT® MSP EML1 met (F) TCGAGGTCGTTTTITCGC 130/55
EMLT met (R) ACGCTAACGCTAAAACCG
EML1 unmet (F) TITGGGTTTTGTGGTTGT 162755
EMLT unmet (R) ACCCAACCACAACCAACA
HRASLS3® COBRA HRASLS3 (F) GGTGTTTGGGATGTTTITITT 109/55
HRASLS3 {R) AAC (A/G) CCCAAAABACTACAAA
MCC® COBRA MCC (F) AAAATGTGGTAGAAGGGATT 86/53
MCC (R) AAACTCTCAATCCCCCAAA
RARREST® COBRA RARREST {F) GGGAGG (C/T)GTTTTTATTGTTTT 115/53
RARREST (R) CTACCC (A/G)AACTTAATACTAAA
LOHT1CR2A" COBRA LOHT1CR2A (F) TTGAGGAAATGAGGTTGTAAGTT 129/48
LOH11CR2A (R) AATCCTAAATTTCCAATATCCAC
2 Genes locating within the critical regions of LOH.
b Genes shown to be tumor suppressor gene in other cancers.
Table 3 Frequency of methylation status of candidate 39?'. rj 3.;{ :13%. Ss?r :4 71-
genes promoter in cultured NPC cells and control leukocytes E vz o .
NPC cells Normat teukacytes e W‘»}'ﬂ ke
IEERNE
Presence Absence Presence Absence :
CCNAT 16 11 0 20 s -
RARRES1 2 B o 20 : ’
HRASLS3 2 8 0 20 S Wt :
EMLT 0 10 0 10 0351038 D145283 TCRD
CLMN 0 10 0 10 Figure 1  LOH study. Three microsatellite markers, D351038,
1522 0 10 0 10 D145283, and TCRD, are used to study the LOM pattern in
MCc 0 10 0 10 normal leukocytes (N) and tumor cells (T) of primary cultured
LOHTICRZA 2138 0 10 0

hypermethylation of RARRES?, 17% of HRASLS3 and 100% of
CCNAT. Additional sequence analyses of the promoter of all
three genes to prove the presence of promoter hypermethyla-
tion were performed in each sample (Fig. 4). The above find-
ings suggest a possible tumor suppressive role of these genes.
When analyzing for an association between hypermethylation
and clinical parameters, we found no significant correlation
with the tumor stage (data not shown).

NPC cells. In normal leukocytes, there were two bands of PCR
products observed, whereas only single band of PCR products
was detected in tumor cells.

Discussion

Currently, comprehensive gene expression profiling of indi-
vidual cancer type has become one of the most popular ways
to analyze individual cancer. We here apply the information
derived from the gene expression analysis and to expand this
knowledge to identify potential tumor suppressor genes in
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CCNA1, RARRES1, and HRASLS3 promoter hypermethylation in NPC

b 100bp -ve W1 W2 W3 W4 T1 T2 T3
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C 100bp

— oy s  weew

d 100bp w1 w2 T1 T2

Figure 2  MSP analysis. (a) Typical results of a MSP analysis of
CCNAT show frequent methylation of 5' element of CCNAT1 in
NPC but not in normal leukocyte and nasopharyngeal epithe-
lium. (b—d) The results of MSP analysis of EML1, CLMN, and
TSCC22, are shown. There was no methylation observed in
these set of genes. Square: unmethylated band; circle: meth-
ylated band; -ve: control lane (water); T: NPC tissue; W:
leukocytes; N: normal nasopharyngeal swab.

NPC. Integrating one known feature of tumor suppressor
genes, namely LOH to the genome-wide expression analysis,
allowed us to identify three potential TSGs in NPC, CCNAT,
HRASLS3, and RARRES1. These genes have been proven to
be relatively under-expressed and preferentially methylated
at the promoter in NPC comparing to normal tissue. Further-
more, these three genes have been shown previously to be
putative TSGs in other cancer type, for example HRASLS3
in lung cancer,® 2 RARRES1 in lung cancer, prostrate cancer,

q 10bp N1 N2 w1 w2 T T2 T3 T4
e '
: —— —  aEme S sl eees e | |
e @
b 10bp N1 N2 W1 W2 ™ T2 T3 T4
e =
- s - e W
e
—
w2 w3 T1 T2 T3 T4

C 10bp W1

d25bp10bp Wi w2 W3 T T2 T3 T4

g et N . : Wi [ ]

Figure 3 COBRA analysis. Methylation status of HRASLS3,
RARRES1, MCC, and LOH11CR 2A promoter were analyzed by
COBRA technique. Panels a and b showed frequent methylation
of HRASLS3 and RARRES1 upstream elements in NPC but not in
normal tissues. Methylation of MCC was not detected in both
normal and tumor cells. In panel d, methylation of LOH11CR2A
DNA sequence are invariably presence in both normal and tumor
cells. Square: unmethylated band; circle: methylated band;
.ve: control lane (water); T: NPC tissue; W: leukocytes; N:
normal nasopharyngeal swab.

and head and neck cancer.®'*" "¢ The above findings not only
corroborate the results from our previous microarray study
but also help in elucidating the molecular epigenetic
changes underlying the NPC,

Table 4 Frequency of methylation status of candidate tumor suppressor genes in NPC comparing to control nasopharyngeal

epithelium and leukocytes

Gene Sample Promoter hypermethylation Total
Absence Presence

CCNA1 Normal leukocytes 30 (100%) 0 30
Normal nasopharyngeal epithelium 20 (100%) 0 20
NPC biopsy 24 (52.1%) 22 (47.8%) 46
Cultured NPC cells 0 9 (100%) 9

RARRES1 Normal leukocytes 30 (100%) 0 30
Normal nasopharyngeal epithelium 20 (100%) 0 20
NPC biopsy 22 (48.9%) 23 (51.1%) 45
Cultured NPC cells 1 (16.7%) 5 (83.3%) 6

HRASLS3 Normal leukocytes 30 (100%) 0 30
Normal nasopharyngeal epithelium 20 (100%) 0 20
NPC biopsy 34 (82.9%) 7 (17.1%) 41
Cultured NPC cells 5 (83.3%) 1(16.7%) 6

(2007), doi:10.1016/j.oraloncology.2007.05.008
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Figure 4 Bisulfite sequencing of candidate genes promoter.
Results of bisulfite sequencing display the anatomical pattern
of promater hypermethylation of the three tumor suppressor
gene candidates; CCNAT in panel a, RARREST in panel b, and
HRASLS3 in panel ¢. Closed or opened circles are the methyt-
ated or unmethylated CpG or TG dinucleotides, respectively.

Function of cyclin A1 is unclear, whether it would act as
an oncogene or a TSG is currently unknown. However, cyclin
A1 is thought to play a role in oncogenesis because of its
involvement in cell cycle progression.'® ' Moreover, high
tevels of cyclin A1 have been found in acute leukemia cell
tines and myeloid leukemia samples.”® More recently, it
has been implicated that cyclin A1 might be involved
in DNA-double-strand-break repair by interacting with
Ku70.2! In additicn, there are several reports documenting
this gene to be down regulated and hypermethylated in
squamous cell carcinomas of the head and neck and the cer-
vical locations. 22 Here, we retrieved the data from global
gene expression profile of NPC to search for candidate T5G
and found CCNAT to be one of the candidates as its expres-
sion was down-regulated in NPC. Furthermore, we found
that its promoter region was methylated in a sub-set of
NPC tissues but not in normal nasopharyngeal epithelial tis-
sue and leukocyte. Because transcriptional silencing by pro-
moter methylation is a common mechanism for an
inactivation of tumor suppressor gene, in the above regards,
cyclin A1 may play a role as a tumor suppressor gene in
squamous cell cancers including NPC.

HRASLS3 (H-ras like suppressor 3) is a class Il tumor sup-
pressor gene which is down-regulated in various cancer cell
lines derived from melanoma, neuroblastoma, adenocarci-
noma, and fibrosarcoma. There is evidence that promoter
methylation of this gene in lymphoma cells can result in
gene silencing.**

From our microarray data, HRASLS3 is the gene, which is
down regulated in NPC and in this study, we detected pro-
moter methylation of this gene in NPC, which might be
responsible for the inactivate of this putative tumor sup-
pressor gene in NPC,

RARRES1 (retinoic acid receptor responsive element) is a
candidate tumor suppressor gene of human prostate cancer,
head and neck cancer and lung cancer, and recent evidence
suggesting that the promoter of this gene is methylated in
several of these cancers such as esophageal cancer, endome-
trial cancer, head and neck cancer, and lung cancer. "
Indeed, promoter methylation of this gene has been de-
tected in head and neck squamous cell carcinoma but not
in normal tissue.?® Recently, other groups studying this gene
detected 90.7% promoter methylation in primary NPC,™
here we also detected 51% promoter methylation in primary
tumaor and 83% in NPC cells. In addition, our microarray data
revealed that this gene was down-regulated in NPC,
therefore RARREST may be the important T5G in this cancer
type.

In conclusion, we report three putative tumor suppressor
genes, CCNA1, RARRESY and HRASLS3, in NPC identified
from the analysis of available gene expression profiling
and alleotyping database, and the status of promoter hyper-
methylation. These three genes might well be the molecular
markers for NPC since their promoters are methylated in
NPC but not in normal cells. Further expanding the anatysis
in broader panel of genes from the database and functional
study is warranted in the future.
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IPL were available only in 116/215 samples analyzed. PIK3CA
mutations were assaciated with a higher IPI score although this
was not statistically significant (P=0.0834), which might be
attributed to the relatively small number of DLBCL cases that
were positive for the PIK3CA mutation. In addition, it was
significantly associated with involvement of more than one extra
nodal site (P=0.0497) and with tumor stage (P=0.01 03). As a
read out of PIK3CA functional activation, we tested AKT
phospharylation in DLBCL by IHC. Virtwally all of the samples
harboring PIK3CA mutations showed some staining (scored +1
to + 3) for p-AKT (17 out of the 17 cases). However, only 10 of
the 17 (59%} mutated cases showed increased p-AKT level b

|HC (defined as DIBC samples scored as +2 or + 3).

Furthermare, our findings that PIK3CA mutations correlate with
tumor stage, suggest that increased PIP3 production and
activation of PI3K/AKT may enhance tumor progression. PIK3CA
mutations showed association with the non-germinal-activated
B-cell type subtype, although this association was not statisti-
cally significant (P=0.074).

Given the significant association of PIK3CA mutations to two
clinical markers {tumor stage and involvement of more than one
extra nodal site) we performed survival analysis. No significant
associations were found between PIK3CA mutaticnal status and
overall survival within DLBCL patients. We further stratified all
our DLBCL cases into two groups depending an the presence of
PIK3CA mutation and PTEN expression status: normal PIK3CA
and normal PTEN (n=114) and DLBCL with either mutated
PIK3CA or absentreduced PTEN expression (n=91). Such a
stratification showed a significant correlation with 10-year
overall survival (P=0.0249) and remained significant even in
multivariate analysis that included 1PI, stage, number of
extranodal sites and the above mentioned two groups. The
relative risk for death was 1.9 for the DLBCL group with
abnormal PIK3CA or PTEN (95% C! 1.2-2.9, P=0.0017) and
2.4 for high-risk IPt group (95% C1 1.4-4.2, P<0.0011).

To our knowledge, this is the first report on the presence of
PIK3CA mutations in DLBCL patients. Furthermore, the ability 10
stratify DLBCL patient outcome based on the deregulation of
PIP3 production gives further support of putative role of PI3K
pathway in the regulation of DLBCL progression, which makes
this pathway an attractive target for pharmacologic interven-
tions. In particular, directed small malecule antagonism of
PIK3CA proteins may be an effective measure for the treatment
of DLBCL. Altogether, our study shows that a large proportion of
DLBCL have either an inactivation of PTEN or activation of

PIK3CA and this group is associated with poor overall survival.
This loss of PIP3 homeostasis due to PTEN inactivation and
PIK3CA activation in DLBCLs is remarkably similar to that
reported in other human cancers. These findings indicate that
mutation in PIK3CA is likely to function as an oncogene in
DLBCL and argue for the role of PIK3CA targeting in the
treatment of DLBCL patients.
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Hypermethylation of TTC12 gene in acute lymphoblastic leukemia
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11923 may house several genes that are important for the
process of leukemogenesis. Structural aberrations involving 11q
are among the most common aberrations in a number of
hematological malignancies and often harbor a breakpoint at
11q23.’ One of the common aberrations is deletion, that is
associated with a poor clinical outcome.? Chramosome deletion
suggests that the region might contain at least a tumor

Leukemia

suppressor gene important for the genesis of lymphoproliferative
disorders.>* Investigating cancer-specific methylation is a
preferential approach for identifying genes that are important
in cancer development.® There have been few reports
regarding methylation involving 1123 in leukemia. Therefore,
we further investigated whether, in leukemia, there exists a
gene that is controlled by the epigenetic modification in this
region.

We screened several candidate genes on chromosome
11923, for example, ZW10, NCAMT, ANKK] and tetratrico-
peptide repeat (TPR) domain 12 (TTC12), by combined bisulfite
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TTC12 methylation and expression in cell lines and leukemia. Molt4 (acute lymphoblastic leukemia), Daudi (B lymphoblastoid line),

Jurkat (acute T-cell leukemia), Hela (cervical cancer), HN12 (head and neck squamous cell cancer), K562 (chronic myelogenous leukemia) and
SWA480 (stomach cancer) were investigated. Whereas no methylation or only partial methylation levels of ZW10, NCAM1 and ANKK1 were
detected in leukemic cell lines, TTC12 was hypermethylated. In leukemia, TTC12 was methylated and showed a decrease in expression.
(a) COBRA analysis in cell lines of indicated genes, ZW10, NCAMI and ANKK]1. The primers were as follows: ZW10, AAATAACCAATCAA
TAAATCCTATATATC and ATAATATGGGAGTTTTGATAAAAGAG; NCAMI, GTGTTGAGGTTGGGATTGTTA and TTTTTACAAAATTATTTCC
TACCAAC; and ANKKT, GGTAGGGTcgGTTTGTTTTTTTA and CGCTATAACTACTACCTAAATAACC. (b) The primers for the TTC12 COBRA set
were TTTGGGAG(IC/T)GGTTGTTGGG and CAATACCCCCCTACIG/AICTAAA. After PCR, the amplicons of (a) ZW10, NCAM1 and ANKK1 and
(b) TTC12 are digested by Tagl. The (a) 82, 86 and 92bp and (b) 200bp non-methylated sequences, respectively, will not be digested. If

methylated, Tagl can digest the bisulfited PCR product at (a) 53, 55 and 51

bp and (b) 123 bp, respectively. Parts b and ¢ demonstrate analyses of

TTC12, Part b COBRA and RT-PCR analysis in cell lines and Part c COBRA and RT-PCR analysis in clinical samples. W and P are normal WBC
and ALL sample, respectively. DNA size standard markers are of 10 and 25 bp. %met indicates the level of DNA methylation. The arrows in
(a=c) indicate non-methylated and methylated amplicons, TTC12 and GAPDH cDNA, respectively. Abbreviations: ALL, acute lymphoblastic
leukemia; COBRA, combined bisulfite restriction analysis; RT-PCR, reverse transcription-polymerase chain reaction; WBC, white blood cells.

restriction analysis (COBRA) assay® (Figure 1). TTC12is located
in between NCAM1 and ANKKT (www.ncbi.nlm.nih.gov). We
examined the methylation status of CpG dinucleotides around
the 5' end from the transcriptional start site. Treatment with
bisulfite converts unmethylated cytosines, but not methylated
cytosines, to uracils and then thymines after PCR.” This
generates detectable methylation-dependent changes in the
restriction pattern of PCR-amplified sequences from CCGA to
TCGA in case of methylation and TTGA in case of non-
methylation. Whereas methylation levels of ZW10, NCAMT1 and
ANKK1 in leukemic cell lines were none to partial (Figure 1a),
TTC12® was shown to be hypermethylated in several leukemic
cell lines (Figure 1b).

We investigated if TTC12 methylation is directly correlated
with the inhibition of expression in leukemia. Hypermethylation
was demonstrated in all leukemic cells, except K562,

(Figure 1b). In contrast, epithelial cells were not methylated
(Figure 1h). The cDNA was amplified by PCR and real-time
PCR with the TTC12-RT primers, TGGGCGAATCAGGGATTCC
and GCATTCATCCTCCTCCTGGT, and the GAPDH primers,
GTGGGCAAGGTATCCCTG and GATTCAGTGTGGTGGGG
GAC. GAPDH was used as control and to calculate the relative
quantity of TTC12 mRNA. Non-methylated and hypermethy-
lated cell lines expressed and did not express TTC12 mRNA
levels, respectively (Figure 1b).

Furthermore, we evaluated 30 bone marrow samples from
acute lymphoblastic leukemia (ALL) cases, normal white blood
cells (WBC) from 10 healthy volunteers and eight samples of
complete remission bone marrows. The ALL diagnosis was
based on the criteria of the World Health Organization (WHO)
classification of tumors. All bone marrows were subjected to
immunophenotyping and immunomagnetic selection.” The
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in ALL. WBC is white blood cells, mono is mononuclear cells, poly is polymorphonuclear cells, BM is remission bone marrow, and ALL includes
B-ALL, T-ALL and ANLL. (b) TTC12 expression of WBC and between hypermethylated and hypamethylated ALL showed that methylation levels of
ALL were inversely correlated with the level of expression in ALL. The expression unit is relative percentage in comparison with GAPDH. The hox
plots show mean and error bar of each graup. (c) Bisulfite sequences of three ALL cases at the CpG istands of TTCI2 are shown: methylated CpG
dinucleotides and non-methylated CpGs of each clone are shawn by closed and open circles, respectively. Methylation levels of each ALL, as
detected by COBRA, are shown on the right. Abbreviations: ALL, acute lymphoblastic leukemia; BM, bane marrow: COBRA, combined bisulfite

restriction analysis; WBC, white blood cells.

results indicated the association between epigenetic regulation
and leukemogenesis. While in normal WBC TTC12 was
hypomethylated, hypermethylated TTC72 was usually detect-
able in ALL (P<0.0001; Figures 1c and 2a). Whereas the mean
and the highest methylation levels were, respectively, 9.42 and
11.63% in WBC and 5.12 and 6.62% in remission bone
marrow, the mean TTC12 methylation in ALL was 56.33%. In
addition, 93% of all ALL cases showed methylation levels higher
than 12% (Figure 2a).

Methylation of a gene is directly correlated with the inhibition
of expression in ALL. Higher expression of TTC12 was also
detectable in WBC (Figures 1¢ and 2b). We categorized ALL into
two groups as hypermethylated and hypomethylated TTC12,
depending on the level of methylation in relation the mean
methylation level (56.33%). The mRNA level of hypermethy-
tated ALL was less than in hypomethylated ALL (P<0.05;
Figure 2b). In conclusion, TTC12 methylation associated with
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leukemagenesis, and methylation may be important in this gene
inactivation.

We further confirm and characterize the TTC12 methylation
status by claning and sequencing hypomethylated, partially
methylated and hypermethylated COBRA amplicons from ALL
(Figure 2c). Methylation of the CpG island was directly
correlated with methylation levels of COBRA. We re-evaluated
the methylation status of TTC12 at 408bp, 5 end from the
previous COBRA, by THCTIGATITTGGTTTTTAATTTGG and
AACIG/AIAAACCAAAAACCAAAAACC,  generating 187 bp
methylation-dependent BstUl-digestible amplicons, and com-
pared the methylation levels with the previous COBRA. The
methylation levels from both locations were directly associated
{P=0.0004; Pearson r=0.7974). This confirmed the previous
COBRA results.

This study shows that the TTCIZ2 gene was specifically
hypermethylated in ALL. Moreover, TTC12 expression was



inhibited in association with the epigenetic modification.
Therefore, depletion of TTCIZ activity may be important for
the process of leukemogenesis. Although the function of T7C12
has not been identified, in silico, two conserved domains have
been found, including the TPR and the armadillo repeat (ARM)
domains.? Both ARM and TPR are implicated in a vartety of
cellular processes, ranging from cell cycle control to signal
transduction, kinase regulation and tumorigenesis. Therefore,
downregulation of TTC72 may contribute to the promotion of a
multistep process of ALL. Further investigations will provide new
knowledge of hematologic malignancy biology that could be
applied to diagnosis as well as therapeutic modalities.
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Portal venous thrombosis in a young patient with idiopathic myelofibrosis
and intrahepatic extramedullary hematopoiesis: a difficult diagnosis,

prognosis and management

Leukemnia (2007) 21, 2373-2375; doi:1 0.1038/s].1eu.2404789,
published ontine 21 June 2007

Chronic myeloproliferative syndromes (MPSs) occur much less
commonly in children than in adults. Idiopathic myelofibrosis
(IMF) is characterized by stem cell-derived clonal myeloproli-
feration and shows constitutional symptoms, increasing spleno-
megaly, bone marrow fibrosis, extramedullary hematopoiesis,
progressive anemia and cytopenias; hemorrhages and above all
thrombosis are frequent complications.’

Portal vein thrombosis (PVT) is associated with liver cirthasis,
hepatocellular carcinoma, intra-abdominal infections, hemody-
namic factars, hypercoagulability states and thrombophilic
disorders, including MPS.* Chronic PVT can be often recog-
nized casually, after a fortuitous diagnosis of hypersplenism or
portal hypertension or while having biliary symptoms related to
cholangiopathy or only initial ascites; moreover, acute PVT can
present with life-threatening events such as gastrointestinal
hemorrhage and intestinal infarction. The PVT can result from
the concurrence of several acquired factars, with or without the
presence of genetic ones. Cirrhotic PVT patients usually have an
advanced liver disease; in these patients, the concomitant
mutation G20210A of the prothrombin gene increases more
than fivefold the risk.*> About 70% of patients with PVT have a
general risk factor, most commonly MPS, while local precipitat-
ing risk factors, such as an abdominal inflammatory focus, can

be identified in about 30%. A moderate hyperhomocysteinemia
is associated with heightened risk,” and PVT has been reported
in patients with antiphospholipid syndrome.” PVT in children or
young adults is reported anecdotically.*

A girl was referred for isolated thrombocytosis (median
700 = 10% I~ ") since she was 2 years old. The bone marrow
was hypercetlular, with numerous clusters of megakaryocytes;
EPO-independent BFU-E colonies were demonstrated; the
karyotype was normal and ber-abl rearrangements were absent.
A childhood essential thrombocythemia (ET) was initially
diagnosed, while exciuding a familial disease. At the age of 9,
the spleen was at the upper normal limit, while showing an
increase afterwards: at 16 and 20 years, there was a slight
splenomegaly (surface 75 and 80 cm?, respectively), while
showing only a moderate and steady thrombocytosis. The
thrombophilic study (lupus anticoagulant, anticardialipin, anti-
phaospholipid, anti-g 2 glycoprotein | antibodies, lipoprotein a,
ATIIl, protein § and C, activated protein C resistance, factor V
Leiden G1691A and prothrombin gene G20210A mutations)
resulted negative; she was only heterozygaus for MTHFR C677T
mutation without hyperhomocysteinemia. A watch-and-wait
strategy seemed appropriate in this asymptomalic case,
platelet count remaining only moderately elevated, and low-
dose aspirin was started. In January 2006, when she was
23 years old, the girl showed increasing thrombocytosis
(1500 x 10% "), slight leukocytosis (18 x 10° uI™") with neu-
trophitia (13.1 x 10° pl™") and without basaphilia and eosino-
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Abstract

Background: We investigated the clinical implications of plobal hypomethylation, one of the most consistent epigenctic changes in cancer, in the

sera of patients with hepatocellular carcinoma (HCC).

Methods: Combined bisulfite restriction analysis PCR was used to assess the methylation status of LINE-1 repetitive sequences in genamic DNA
detived from seta of 85 patients with HCC, 73 patients with cirthosis, 20 healthy carriers of hepatitis B virus (HBV) and 30 healthy centrols.
Results: Serum genome hypomethylation, the percentage of unmethylated LINE-1, was significantly increased in patients with HCC {P<0.001).
The levels of seruin LINE-1 hypomethylation at initial presentation cortetated significantly with the presence of HBsAg, large tumor sizes, and
advanced tumor stages classificd by the CLIP score. Multivariate analyses showed that serum LINE-1 hypomethylation was a significant and

independent prognostic facter of overall survival.

Conclusion: Serum LINE-1 hypomethylation may serve as a prognostic marker for patients with HCC.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Global hypomethylation; Prognostic marker; Hepatocellular carcinoma; COBRA EINE-1; Hepatoms

1. Entroduction

Hepatocellular carcinoma (HCC) represents one of the most
common cancers worldwide, accounting for >500,000 new cases
annually {1]. The prevalence of HCC is geographically vanable,
with the highest frequencies observed in sub-Saharan Africa and
Southeast Asia where hepatitis B virus (HBV) and hepatitis C
virus (HCV) infections are endemic. Despite remarkable
improvements in surgical and ablative therapies, the overall
prognosis of patients with HCC remains unsatisfactory because of
its aggressiveness and high recurrence rates [2). As a result, a
reliable serum marker is needed and important for monitoring
tumor progression, treatiment Tesponsiveness, and predicting the

* Corresponding author, Tel: +66 2 2564532; fax: +66 2 2541931.
E-mail address: mapiwau@ichula.ac.th {A. Mutiraingura).
! present address: Mathayomwatsrichanpradit School.

(K109-89%1/% - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016¢.cca.2006.12.029

prognosis. Although several molecular biological factors related
to HCC have been smudied in recent years, a prognostic marker for
this cancer in routine clinical practice is not yet available.
Recent advances in molecular biology have shown that ge-
netic and epigenetic alterations accurnulated through repeated
destruction and regeneration of hepatocytes are responsible for
multistage hepatocarcinogenesis (3], Among these changes,
widespread global DNA hypomethylation accompanied by
region-specific hypermethylation is a common feature found in
HCC. Global hypomethylation has been demonstrated by
downregulation of methylated CpG dinucleotides, which are
dispersed throughout the whole genome, in both noncoding
repetitive sequences and genes [4). Global losses of methylation
in cancer may lcad to alterations in the expression af proto-
oncogenes critical to carcinogenesis and may facilitate chro-
mosomal instability [3]. Previous studies have desctibed the
hypomethylation of genomic repetitive sequences, a marker of
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Fig. 1. Combined bisulfite restriction analysis of LINE-1 (COBRA LINE-1) in
sera. (a) Schematic illustration of COBRA LINE-1. The LINE-1 amplicon size is
160 bp. Methylated amplicons, Tagl/ positive, yielded two 80 bp DNA
fragments, whereas unmethylated amplicons. Tas/ positive, yielded 63 and
97 bp fragments. (b) An example of COBRA LINE-1. M. 10-bp DNA size
marker; H,0, HeLa, Jurkat and Daudi are positive control and for adjusting
inter-assay variation. Sera of HCC patients. Tas/ 63 and 97, unmethylated
amplicons; Tag! 80, methylated amplicons. (c) Serum LINE-1 hypomethylation
levels in each group of patients. The horizontal line indicated the mean levels of
the patients’ subgroups.

global genomic hypomethylation, in several malignancies
including carcinoma of the breast, lung, head and neck,
esophagus, stomach, urinary bladder, prostate, colon, and
liver [6—12]. In addition, the extent of global hypomethylation
appears to correlate with tumor progression and invasiveness in
several cancer types, including HCC, indicative of its role in
tumor development and progression [7,13-16].

Previous studies have demonstrated that tumor-derived nucleic
acids can be detected in the sera of patients with cancers, and
appear to be relevant surrogate markers for genetic alterations
present in the primary tumors [17]. Based on these observations,
circulating tumor-specific methylation has become an emerging
serum or plasma marker for cancer diagnosis and prognosis [18].
Recently, we developed an improved quantitative combined
bisulfite restriction analysis (COBRA) PCR protocol that effi-
ciently evaluates the genome wide methylation status of LINE-1
repetitive sequences in genomic DNA derived from microdis-
sected tissue and serum samples [7]. The LINE-1 methylation
level measured by this technique has been shown to represent
the genome wide methylation status by demonstrating lincar

correlation with conventional global hypomethylation assay by
Southern blot and hybridization. Unlike conventional qualitative
reports, COBRA LINE-1 not only confirmed that most cancers
exhibited significantly increased levels of hypomethylation, com-
pared with their normal tissue counterparts, but also normal
tissues from different organs showed tissue-specific levels of
methylated LINE-1. Furthermore, DNA derived from sera of
patients with stomach cancer displayed significantly higher
LINE-1 hypomethylation levels. These findings suggest the
potential value of COBRA LINE-1 as a marker of various cancer
types, including HCC. Nonetheless, whether serum LINE-1
hypomethylation level can serve as a molecular marker for HCC
has not yet been investigated. To address this issue, we examined
the methylation status of LINE-1 in serum samples of patients
with HCC, and compared them with those of healthy individuals
and patients with cirrhosis. We also determined the clinicopath-
ological correlations and prognostic significance of this epige-
netic alteration in sera of patients with HCC.

2. Materials and methods
2.1. Patients and blood samples

Eighty-five patients who were diagnosed with HCC in King Chulalongkomn
Memorial Hospital (Bangkok, Thailand) between April 1999 and December

Table 1
Relationship between serum LINE-1 hypomethylation levels and clinicopathological
features in patients with HCC

Variables Serum LINE-1 P
hypomethylation
<53.17% 253.17%

Age (y)
260 (n=27) 13 14 NS
<60 (n=58) 23 35

Gender
Male (n=69) 29 40 NS
Female (n=16) 7 9

Etiology of liver disease
HBYV positive (n=58) 19 39 0.011
HBV negative (n=27) 17 10

Serum AFP level (ng/ml)
=400 (n=47) 18 29 NS
<400 (n=38) 18 20

Tumor cell differentiation
Well (n=13) 9 4 NS
Moderately and poorly (n=39) 17 22

Tumor number
Solitary (n=53) 24 29 NS
Multiple (n=31) 11 20

Tumor size
<5cm (n=15) 13 2 <0.001
>5cm (n=70) 23 47

Venous invasion
Presence (n=30) 14 16 NS
Absence (n=55) 22 33

Extrahepatic metastasis
Presence (n=8) 1 7 NS
Absence (n=77) 35 42

CLIP score
Score 0-2 (n=41) 23 18 0.017
Score 35 (n=44) 13 31
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Fig. 2. Serum LINE-1 hypomethylation levels in patients with HCC exhibited a
pasitive correlation with a) carresponding tumor tissue tevels and b) tumor size.

2003 were recruited into the study. HCC was diagnosed based on liver tumor
characteristics detected by imaging studies (ultrasonography or computed
tomography), serum a-fetoprotein (AFF) >400 ng/ml, and/or histopathology.
The clinicopathological data of the patients at initial diagnosis were collected,
and included sex, age, liver function test, Child-Pugh classification, serum AFP
concentration, tumor size, number of tumors, tumor cell differcatiation, venous
invasion, extrahepatic metastasis, and HCC staging ¢lassified by the CLIP score
[19]. Overall survival time of the patients was defined as the period from initial
presentation to the time of last follow-up (December 2004) or until they cxpired.

The patients with HCC consisted of 69 males and 16 females, with the mean
age of 53.6212.7 y. All patients had cirthosis as underlying liver disease. In
regard to predisposing etiologic factors, 58 patients (68.2%) were positive for
serum hepatitis B surface antigen (HBsAg), R patients (9.5%) were positive for
hepatitis C virus antibody (anti-HCV), and 12 patients (14.1%) were associated
with alcohal-dependence. For the remaining 7 patients (8.2%), the etiology
could not be determined. According to the CLIP score at initial presentation,
there were 6 paticnts (7.1%) with score 0, 14 patients (16.5%) in the score 1
subgroup, 21 patients {24.7%) in score 2, 19 (22.4%) in score 3, 9 (22.4%) in
score 4, and 6 (7.1%) in the score 5 subgroup. Thirty patients (35.3%) had
venous invasion, while extrahepatic metastasis was found in & patients (9.4%).
Twelve patients (14.1%) had undergone surgical resection, 25 patients (29.4%)
had been treated with transarterial chemoembolization (TACE). and the
remaining 4% patients (56.5%) had received no specific treatment because of
an advanced tumor stage or refusal of the therapy.

The contral groups comprised 30 healthy individnals (20 males, mean age
30.2+8.7 y), 20 healthy carriers of hepatitis B (14 males, mean age 31.5£10.3y)
and 73 patients with cirthosis (55 males, mear: age 50.3 £ 11.7 y). Healthy carriers
were defined as individuals who were positive for HBsAg. had persistent normal
serurn aminotransferase activities, and had normal abdominal ultrasonography.
Cirrhosis was diagnosed based on histological examinations and/or itmaging

studics. With the patients’ written consent, atl scrum samples were collected at
the time of the diagnosis and stored at —70 °C until they were assayed.

2.2. DNA preparation

Peripheral blood (3 ml) was collected from cach subjeet for the isolation of
serum. Sera were centrifuged at 1600 =g, transferred into plain polypreopylene
tubes and stored at —20 °C until further processing. DNA from 800 pl of serum
samples was extracted using a QlAamp Blood Kit {Qiagen, Hilden, Germany)
using the blood and body fluid protocol as recommended by the manufacturer.
Twelve HCCs were microdissected from paraffin-embedded tissues.

After extraction. all DNA samples were treated with sodium bisulfite as
previously described [20]. Briefly, genomic DNA was denatured in 0.22 mol/
1 NaOH at 37 °C for 10 min. Thirty microliters of {0 mmo!/l hydraquinone and
520 ul of 3 mol/l sodium bisulfitc were added for 16-20 h at 50 °C. The DNA
was purified and incubated in 0.33 mol/l NaQH at 25 °C for 3 min, ethanol
precipitated, then washed with 70% ethanol and resuspended in 20 1 of H20.

2.3, Measurement of serum LINE-! hypomethylation

The COBRA LINE-1 assay of the serum was performed as described
previously (13). We used 5'UTR of LINE-1.2 sequence from NCBI Accession
Number M80343. DNA was isolated and extracted from serum, and treated with
bisulfite. Two microliters of bisulfited DNA was subjected to 35 cycles of PCR
with 2 primers, 5'-CCGTAAGGGGTTAGGGAGTTTITT-3' and 5'-
RTAAAACCCTCCRAACCAAATATAAA-3', with an annealing temperature
of 50 °C. The amplicons were digested in 10 pl reaction volumes with 20 of
Tagl or 8U of Tusl in 1x Tagl buffer (MBI Fermentas) at 65 °C ovemight and
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Fig. 3. Assoviution between serum LINE-1 hypomethylation levels and HCC
staging classified by the CLIP score. The horizontal line indicated the mean
levels of the patients’ subgroups.
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then electrophoresed in 12% nondenaturing polyacrylamide gels. Intensities of
DNA (ragments were measured by Phosphorlmager, using ImageQuant
software {Molecular Dynamics). The LINE-1 amplicon size is 160 bp.
Methylated amplicons, Tagf positive, yielded 2 80 bp DNA fragments, whereas
unmethylated amplicons, Tus/ positive, yiclded 63 and 97 bp fragments (Fig. 1).
LINE-1 hypomethylation leve] was calculated as a percentage: the intensity of
unmethylated LINE-1, digested by Jusf divided by the sum of methylated
LINE-1, digested by Tag/- and the Tas/-positive zmplicons. The same DNAs
from HeLa, Dandi, and Jurkat cell lines were applied as positive controls in all
COBRA LINE-1 experiments and to adjust for inter-assay variation,

2.4. Statistical analysis

All data arc expressed as mean+S.D., and percentages as appropriate.
Comparisons between groups were analyzed by the #* or Fisher's exact test
for categorical variables and by the Mann-Whitney test or Student’s r-test for
quantitative variables, The analysis of overalt survival was calculated by the
Kaplan—Meier method and the differences in survival between the groups
were compared using the Jog rank test. The Cox regression analysis was
performed to identify which independent factors have a significant influence
on overall survival, A P<0.05 wus considered significant. All statistical
analyses were performed using the SPSS software for Windows 10.0 {SPSS3
Inc., Chicago, IL).

3. Results
Serum LINE-1 hypomethylation in 85 patients with HCC

obtained at the time of diagnosis ranged from 32.73% to
70.42%, with a mean of 53.17+7.74%. The average level of
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serum LINE-1 hypomethylation in these patients was signifi-
cantly different from that of healthy controls (46.55+4.29%;
range 35.94-56.01%), HBV carmiers (48.07+6.20%; range
35.49-56.31%), and patients with cirrhosis (48.78£8.01%;
range 28.51-65.75%) (P<0.001, P=0.003 and P=0.001,
respectively). There was no significant difference in serum
LINE-1 hypomethylation Ievel between non-HCC individuals
(P>0.05) (Fig. 1).

To evaluate the association between serum LINE-1 hypo-
methylation levels and clinicopathological features, the patients
with HCC were divided into 2 groups based on the mean value
(53.17%) of the whole HCC group. Accordingly, there were 36
patients with serum LINE-1 hypomethylation levels of
<53.17% and 49 patients with serum levels of 253.17%. The
correlations between hypomethylation in these 2 groups and
various clinicopathological parameters listed in Table 1 were
analyzed. There was no significant correlation between serum
LINE-1 hypomethylation level and patient age, gender, AFP
concentration, tumor cell differentiation, number of tumors, the
presence of venous invasion, or extrahepatic metastasis.
However, high serum LINE-1 hypomethylation levels were
significantly associated with HBsAg positivity (P=0.011},
tumor size >5 cm (P<0.001), and high CLIP score (P=0.017).

To determine the correlation between serum LINE-]
hypomethylation level and tissuc expression, 12 cases of the
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Fig. 4. Overall survival of HCC patients with semm LINE- hypomethylation less than or greater than 53.17% a) all patients, b} patients who were treated with surgery,
¢) patients who were treated with TACE and d) untreated palients. LINE-IL level, serum LINE-1 hypomethylation levels.
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Table 2
Multivariate analysis of prognostic factors of survival with Cox's proportional
hazards model in patients with HCC

Factors Risk ratio  95% conhdence interval P

High serum LINE-1 1.742 1,087-2.793 0.021
hypomethylation level

Presence of vascular invasion  2.094 1.179-3.719 0.012

High CLIP score (score 3-3) 2,101 1.433-3.081 <{.001

No receiving therapy 5712 3.116-10.471 <0.001

corresponding tumor tissue samples were analyzed. A positive
correlation between serum and tumor LINE-1 hypomethylation
was observed (P=0.017; Pearson r=0.670) (Fig. 2a). Serum
LINE-1 hypomethylation levels also exhibited a positive cor-
relation with tumor size (P<0.001; Pearson r=0.439) (Fig. 1b),
and CLIP score (P=0.005; Pearson r=0.304) {Fig. 3a). In
addition, seram LINE-I hypomethylation levels in patients in
the CLIP score 3—6 subgroup {35.56 = 6.83%) were sigpificant-
ly higher than those of patients in the score 0-2 subgroup
(50.61£7.92%) and patients with cirrhosis (48.£8.01%)
{(P=0.003 and P<0.001, respectively). However, serum
LTNE-1 hypomethylation levels in patients in the score 0-2
subgroup were not significantly different from those with
cirthosis (P=0.241) (Fig. 3b).

We also examined the potential prognostic value of serum
LINE-1 hypomethylation. The median overall survival of
patients with LINE-1 hypomethylation levels of <53.17% was
10.5 months, which was significantly better than that of patients
whose serum levels were >53.17% (median overall survival,
5.5 months; P=0.012 by log rank test) (Fig. 4a). Among
patients who were treated with surgery, the median overall
survival times for the low and high LINE-1 hypomethylation
groups were 27.5 and 24.0 months, respectively (P=0.670)
(Fig. 4b). Among patients who were treated with TACE, the
median overall survival times for the low and high LINE-]
hypomethylation groups were 5.5 and 10.0 months, respec-
tively (P=0.024) (Fig. 4c). Tn untrcated cases, the median
overall survival times for the low and high LINE-1 hypomethy-
lation groups were 4.5 and 3.0 months, respectively (P=0.030)
(Fig. 4d).

Serum LINE-1 hypomethylation level was entered into the
multivariate analysis together with other variables that may
influence prognosis. These factors included age, gender, AFP
concentration, HBsAg status, Child-Pugh classification, tumor
size, tumor number, venous invasion, extrahepatic metastasis,
the CLIP score, and therapy for HCC. The multivariate analysis
using the Cox proportional hazards model revealed that high
serum LINE-1 hypomethylation level, presence of vascular
invasion, high CLIP score, and absence of therapy for HCC
were independent prognostic factors of overall survival
(Table 2).

4. Discussion
An increasing number of studics have described the critical

roles of epigenetic alterations in hepatocarcinogenesis, though
most reports have focused on the function of DNA hyper-

methylation in silencing tumor suppressor genes [4,21].
Previous data have shown that CpG island-specific hyper-
methylation is already detectable in potentially precancerous
lesions, including cirrhosis and dysplastic nodules, indicating
its contribution to early stages of hepatocarcinogenesis [22].
Recently, the presence of cell-free-circulating DNA of hyper-
methylation of candidate tumor suppressor genes has been
described in serum or plasma samples from patients with
various types of cancers [21], including HCC [23,24]. Although
the clinical significance of this epigenetic alteration in sera of
patients with HCC is unclear, these data suggest the potential
use of this molecular phenomenon in cancer diagnosis and
monitoring. Conversely, relatively little is currently known
concerning the status and clinical implications of global
hypomethylation in sera of patients with HCC, as well as
other cancer types.

In this study, we first demonsirated that serum LINE-I
hypomethylation levels were significantly higher in patients
with HCC than in healthy individuals and patients with
cirrhosis. These results were consistent with recent data,
including our previous report, demonstrating thai global
hypomethylation is significantly increased in tumor tissues
compared with cirrhotic and non-cirrhotic tissues {7,12].
Indeed, we have previously shown that thaugh serum samples
possess a wide distribution of LINE-]1 methylation levels, there
is a high comrelation between the presence of a primary tumor
and seraum LINE-1 hypomethylation {7]. Thus, the increase in
serum LINE-1 hypomethylation likely reflected the global
methylation level in the tumor tissues. Notably, there was no
significant difference in serum LINE-1 hypomethylation levels
among non-HCC samples, suggesting that there might be no
sequential increase of global hypomethylation between normal
controls and cirrhosis. These results confirmed previous data
that indicated that the levels of hypomethylation in normal liver
tissues are comparable with those detected in chronic liver
disease [12].

In addition to the tumor global methylation level, the
increase in serum LINE-1 hypomethylation level likely
reflected the malignancy status. While global hypomethylation
is one signature of most cancer types, it oflen displays
considerable specificity with regard to tumor type, stage, and
the sequences affected [25]. Furthermore, the COBRA LINE-1
quantitative assay demonstrated that instead of being abruptly
altered, genome wide hypomethylation in the tumor evolves
progressively in multistage carcinogenesis [7]. In addition,
several studies have reported that the amount of serum tumor
DNA correlates directly with the advancement of the cancer; for
example, serum or plasma Epstein Barr viral DNA [level
correlates with tumor size in nasopharyngeal carcinoma [1], and
plasma human papilloma viral DNA level correlates with
cervical cancer metastasis [26]. Nonetheless, in contrast to most
tissue samples, a relatively wide range of LINE-1 hypometliyla-
tion levels in the sera could be anticipated, even within the same
group of patients or tumor stages. One explanation for this
observation could be the distinct LINE-1 methylation levels
seen in different tissues and the high variability between
individuals in tissues such as esophagus and thyroid [7].
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Morteover, little 15 currently known about the mechanisms
determining the amount of cellular DNA released into the
circulation and whether there is eradication bhias between
methylated and unmethylated DNA [17]. With beticr under-
standing of such mechanisms, the specificity and sensitivity of
serum LINE-1 hypomethylation as an indicator will improve.

General consequences of global hypomethylation arc ge-
nomic instability and possible upregulate genes {4]. There are 3
possible specific biological roles of LINE-1 retrotransposons
and consequently their methylation. First, LINE-1s are linked to
genomic instability. Not only some LINE-1s are still retro-
transposable [27] but also upregulation of LINE-1s creates DNA
double-strand breaks [28]. Second, promoter hypomethylation
of LINE-1 retrotransposable eterment activates antisense tran-
scription as previousty demonstrated in c-met gene of chronic
myeloid leukemia [29]. Finally, reverse transcriptase of LINE-15
was demonstrated to possess a significant role in controlling
cancer cells proliferation and differentiation [30].

In this study, analysis of serum LINE-1 hypomethylation in
relation to clinicopathological features showed that a high
level of LINE-1 hypomethylation was significantty correlated
with more aggressive mor behavior in patients with HCC.
Specifically, a high serum LINE-1 hypomethylation level was
observed more frequently in patients with tumors >5 cm m
diameter and in advanced diseasc stages (CLIP score 3-6
subgroup). This is in accordance with previous rcports dem-
onstrating that there is a positive correlation between the
expression levels of global hypomethylation in liver tissues and
advanced stages of disease {16]. Similar findings of global
hypomethylation in tissue specimens in agsociation with tumor
progression have been observed in a variety of cancers [14,13].
These data suggest an important and active role of global
hypomethylation in the progression of HCC and other tumor
types. As shown in this study, measurement of COBRA LINE-1
in the serum has several advantages over tissuc-based
techniques, including its rapidity, reproducibility, and noninva-
siveness. Thus, in clinical settings, the quantitative serum
LINE-1 hypomethylation assay may be more uscful and feasible
for predicting tumor progression than the measurement of
hypomethylation in tamor specimens.

Several clinicopathological factors related to the prognosis
of HCC have been reported recently. Of these, the CLIP score is
an important prognosticator among the conventional patholog-
ical features of HCC [193. In our study, a high serum LINE-1
hypomethylation level at initial diagnosis was a significant
prognostic factor in terms of overall survival in paticnts who
were treated with TACE, as well as in untreated cases.
Furthermore, multivariate analyses revealed that this molecular
marker was an independent, unfavorable predictor of long-term
survival in patients with HCC. These findings strongly suggest
that the prognosis of HCC is influenced by the extent of global
hypomethylation in the cancer. Although the mechanisms
remain to be elucidated, we speculate that progressive loss of
genomic methylation might provide incremental survival
advantages for tumor cclls, and thus enhance tumor progression
and aggressiveness. 1f our results are confirmed in large-scale
prospective studies, the detection of serum LINE-1 hypomethy-

lation may serve as a promising prognostic marker for patients
with HCC.

In conclusion, we demonstrated the chinical implications of
serum LINE-1 hypomethylation in HCC. A high level of LINE-
1 hypomethylation was significantly associated with tumor
progression and invasiveness. Moreover, a high serum LINE-]
hypomethylation level at initial presentation was an unfavorable
prognostic marker for HCC. Apart from its prognestic role, it
will be interesting to determine the usefulness of serum LINE-1
hypomethylation in monitoring tumor progression or treatment
response in patients with HCC.
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Line-1 Hypomethylation in Multistage Carcinogenesis of the

Uterine Cervix

Shanop Shuangshoti', Nusara Hourpai’, Ubon Pumsuk!, Apiwat Mutirangura’

Abstract

Objective: To evaluate characteristics of global hypomethylation in evolution of cervical cancer. Materials

and Methods: Eight cases of squamous cell carcinoma

{(SCC) and seven cases of carcinoma in situ (CIS) were

studied. Each of the SCC samples contained CIS, and all SCC and CIS samples contained rormal ectocervical
epithelium. Microdissection was performed to separate normal epithelium, CIS and SCC prior to DNA extraction.
Hypomethylation levels of long interspersed nuclear elements (LINE-1 or L.1) were measured with a combined
bisulfite restriction analysis (COBRA) PCR (polymerase chain reaction) protocol. The percentage of L1
hypomethylation for SCC, CIS and normal epithelium was compared. Results: In the SCC cohort, the L1
hypomethylation level showed progressive increase comparing normal epithelium (59.4 £ 8.86%) to CIS (6437
+7.32%) and SCC (66.3 * 7.26%) (repeated measurement ANOVA, P = 0.005). A significantly greater L1
hypomethylation level was found in CIS (62.06 + 3.44 %) compared to normal epithelium (60.03 + 3.69 %)
(paired t-Test, P=0.03). No significant difference in L1 hypemethylation level was noted between CIS of the two
sample groups {(unpaired t-Test, P=0.2). Conclusions: In our study, there was a significant correlation between
the degree of hypomethylation and progression from normal ectocervical mucosa to CIS and invasive cancer.
Laboratory assessment of biopsies for this molecular event may have clinical significance.

Keywords: Uterine cervical cancer - LINE-1 methylation - global hypomethylation - carcinogenesis
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Introduction

Carcinoma of the cervix uteri is an important cause of
death of women worldwide, especially in developing
countries (Cannistra and Niloff, 1996; Pornthanakasem
et al., 2001). Invasive squamous carcinoma develops
through a multistage process of carcinogenesis, and
sexually transmitted human papillomavirus is the major
etiological factor for cancer development (Cannistra and
Niloff, 1996; Pornthanakasem et al., 2001; Tavassoli and
Devilee, 2003). Viral oncoproteins E6 and E7 have been
shown to interact with tumor suppressor gene products,
induce chromosomal abnormalities, and change cellular
phenotypes (Pomthanakasem et al., 2001; Tavassoli and
Devilee, 2003; Duensing and Munger, 2004).
Identification of genetic events during cancer progression
is important, not only because it provides a basic
knowledge of the disease, but may also have clinical
implications given that some of the genetic alterations
precede morphological changes in biopsies.

Genome-wide losses of DNA methylation have been
demonstrated in several human cancers in which there is
downregulation of methylated CpG dinucleotides, which
are dispersed throughout the genome both in genes and

noncoding repetitive sequences (Sugimura and Ushijima,
2000; Kaneda et at., 2004; Chalitchagorn et al., 2004).
Although it remains controversial as to whether the
epigenetic change occurs at the initial step or during
progression of carcinogenesis (Chalitchagorn et al., 2004,
Feinberg et al., 1988), Kim et al (1994) has demonstrated
that global hypomethylation increased progressively
during the evolution of cervical cancer. Assessment of
this epigenomic alteration may have clinical significance,
but technical difficulty with conventional methods, such
as Southern blotting, has made the evatuation impractical
for routine usage.

Using combined bisulfite restriction analysis
(COBRA) polymerase chain reaction (PCR), we have
recently developed a quantitative method to analyze the
methylation status of long interspersed nuciear elements
(LINE-1 or L1}, called COBRALINE-1 (Chalitchagorn
et al., 2004). Our modified PCR protocol targets short
amplicon sizes of the widely distributed L1, and is thus
highly suitable for formalin-fixed paraffin-embedded
material. The purpose of this study was to evaluate L1
hypomethylation status during cervical carcinogenesis
using this technique, and to assess the degree of
hypomethylation in relation to the morphological changes.

!Department of Pathology, *Molecular Biology and Genetics of Cancer Development, Department of Anatomy, Faculty of Medicine,
Chulalongkorn University, Bangkok 10330, Thailand, *For Correspondence: Phone: 662-256-4235 Fax: 662-632-4208 Email:
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Asian Pacific Journal of Cancer Prevention, Yol 8, 2007 307



Shanop Shuangshoti et al
Materials and Methods

Samples

Two groups of samples were used in this study. The
first group included eight cases of invasive squamous
carcinoma (SCC) stage 1 of the cervix uteri obtained from
radical hysterectomy. The second group included seven
cases of carcinoma in situ (CIS) with free resection
margins, obtained from conization or total abdominal
hysterectomy. All SCC specimens contained CIS and
normal ectocervical epithelium; all CIS samples contained
normal ectocervical epithelium.

Laboratory Investigations

Formalin-fixed paraffin-embedded unstained tissue
sections were manually microdissected under an inverted
light microscope to separate normal epithelium, CIS and
SCC prior to DNA extraction. COBRALINE] analysis
was performed as previously described {Chalitchagorn et
al., 2004). Briefly, unmethylated cytosines in DNA
samples were changed to uracil by treatment with sodium
bisulfite. The modified DNA was, then, amplified by
5'UTR L1 bisulfited sequence primers as follows:
5" -CCGTAAGGGGTTAGGGAGTTTTT-3
5".RTAAAACCCTCCRAACCAAATATAAA-3
and digested by Taqgl and Tasl restriction enzymes, which
recognize methylated and unmethylated sequences,
respectively. Tagl or Tasl-positive amplicons had been
previously cloned and sequenced, revealing complete
methylation and unmethylation of all linked CpG
dinucleotides, respectively (Chalitchagorn et al., 2004).
Reproducibility of the test was confirmed by our previous
and other subsequent studies (Chalitchagorn et al., 2004;
Matsuzaki et al., 2005). In this study, the level of L1
hypomethylation in each sample was expressed as a
percentage, dividing the measured intensity
(Phospholmager) of Tasl digestible amplicons by the sum
of Tas! and Tag! products.

Statistical analysis

The L1 hypomethylation level among the three
different tissues (normal, C1S and SCC) in the carcinoma
group was assessed by repeated measurement ANOVA.
To evaluate the differences in L1 hypomethylation level
between CIS and normal epithelium in the CiS group,
and between CIS in the two groups, paired and unpaired
T-tests were used, respectively.

Results

Results are summarized in Figure 1. Of the eight
invasive cancers, the degree of L1 hypomethylation level
progressively increased from normal epithelium (59.4 =
8.86%) to CIS (64.37 £ 7.32%) and SCC (66.3 + 7.26%)
(repeated measurement ANOVA, P = 0.005). In the CIS
group, the CIS portion showed a significantly greater L]
hypomethylation level (62.06 + 3.44 %) compared to
normal epithelium (60.03 + 3.69 %) (paired t-Test, P =
0.03). No significant difference in L1 hypomethylation
level was noted between CIS of the two sample groups
{unpaired t-Test, P = 0.2).
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Figure 1. L1 Hypomethylation in Multistage Cervical
Carcinogenesis. In samples showing invasive squamous cell
carcinoma{SCC), the degree of L1 hypomethylation level progressively
increases from normal epithelium (N) (59.4 + 8.86%) to CIS (64.37 %
7.32%) to SCC (66.3 + 7.26%) (repeated measurement ANOVA, P=
0.005). In samples with carcinoma in situ {CI5) without nearby itvasive
cancer, significantly greater L1 hypomethylation was found in the CIS
portion (62.06 £ 3.44 %) compared to normal epithelium (60.03 £ 3.69
%) (paired t-Test, P = 0.03). No significant difference in L1
hypomethylation status was noted in CIS with or without adjacent
invasive carcinoma {unpaired t-Test, P=0.2).

Discussion

LINE-1 (L1), a highly repeated interspersed human
retrotransposon, is ubiquitous and constitutes
approximately 17% of the human genome. Its methylation
status, therefore, reflects the genome-wide methylation
level (Chalitchagorn et al., 2004; Gilbert et al., 2004).
Although the role of this epigenetic loss in cancer
development has not been conclusive, hypothetical
mechanisms include increasing genomic instability and
interfering with the expression of linked genes
(Chalitchagorn et al., 2004; Gilbert et al,, 2004; Fiorl et
al., 1999). With COBRALINE-1, we have shown
previously that most human carcinomas possessed
significantly greater L1 hypomethylation levels, when
compared with their normal counterparts (Chalitchagomn
et al., 2004). While hypermethylation takes place at
specific genes, most cancers are globally hypomethylated,
and L1 has been shown to be responsible for the overall
losses of DNA methylation (Chalitchagorn et al., 2004;
Florl et al., 2004; Feng et al., 2005).

In the present study, we first evaluated how global
hypomethylation evolves during the multistep process of
carcinogenesis of the cervix uteri. SCC specimens
containing CIS and normal epithelium were
microdissected and separately analyzed with
COBRALINEL. In parallel with the previous investigation
(Kim et al., 1994), which utilized a different technique,
the degree of global hypomethylation increased
progressively during the progression from normal cervical
epithelium to CIS and then invasive cancer. Although
differences in the hypomethyletion level between CIS
(64.37 +7.32%) and SCC (66.3 + 7.26%) in the SCC group
and between normal cervical epithelium (60.03 £ 3.69 %)
and CIS (62.06 + 3.44 %) in the other appears to be
minimal, considering the fact thatL 1 segments constitute
a significant component of the genome {17%), such
magnitude of change would be critical to cellular functions.

Next, we determined whether the precancerous lesion
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Background: Cancer cells are frequently characterized by hypomethylation of the genome including repetitive
sequences. This epigenetic process is believed to be associated with several biological causes and consequences
in cancer. Therefore, LINE-1 repetitive sequences demethyiation in cancer should result in different clinical
outcomes.

Objective: Recently, we have developed an improved quantitative combined bisulfite restriction analysis PCR
protoco! that efficiently evaluates the methylation status of LINE-1s; the method is referred to as PCR
“«COBRALINE-1". This article reviewed what have been learned by applying this technique to study methylation
level of repetitive sequences from several sources of genomic DNA,

Results: We have found that LINE-1 methylation patterns among normal tissues are distinct. Therefore, this
epigenetic event may be continuously altered in adult tissues by the process of cellular differentiation. Moreover,
we confirmed that global hypomethylation is an ongoing process that develops during tumor progression, in
addition to previous evidence of genomic and LINE-] hypomethylation occurring as an early event in
carcinogenesis, COBRALINE-1 isa highly effective technique for evaluating the genome-wide level of methylation,
in particular from tissue samples with minute amounts of low quality DNA. The technique has been applied to
study samples from micro-dissected archived paraffin-embedded tissues and sera of several types of cancer.
Conclusion: The COBRALINE-1 technique demonstrated its potentiai to be a tumor marker and a great too] to
explore the biotogy of global hypomethylation.

Keywords: Cancer, LINE-1, COBRALINE-1, DNA methylation, genomic hypomethylation, global hypomethylation,
LINE-1 demethylation, retrotransposon, tumor marker.

Cancer cells are frequently characterized by
hypomethylation of the genome {1-5]. This epigenetic
process is believed to result in chromosomal instability
[6-9], increased mutation events [10], and altered
gene expression [11]. Recently, we developed an
improved quantitative combined bisulfite restriction
analysis (COBRA; [12] PCR protocol that efficiently
evaluates the methylation status of LINE-1 repetitive
sequences in genomic DNA derived from micro-
dissected tissue and serum samples), the so-called
PCR “COBRALINE-1" [3]. We demonstrated that
most cancers exhibit significantly increased levels of
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hypomethylation compared with their normal tissue
counterparts [3]. This article reviews the current
knowledge of measurement of LINE-1 level of
methylation and the clinical implications in cancer

diagnosis.

Biologic consequence of global and LINE-1
hypomethylation

DNA methylation is one of the main forms of
epigenetic control of cells. In cancer, there are two
main alterations in epigenetic control [2]: 1) promoter
hypermethylation of tumor suppressor genes [13- 16]
and 2) genome-wide or global hypomethylation [1].
Global hypomethylation has been demonstrated by
down-regulation of methylated CpG dinucleotides,
which are dispersed throughout the entire genome,
both in non-coding repetitive sequences and genes.
Global losses of methylation in cancer may lead to



alterations in the expression of proto-oncogenes
critical to carcinogenesis [17, 18], may facilitate
chromosomal instability [8] and alteration of host
defense from mobile genetic elements, viral DNA
and transgene [19]. Moreover, loss of methylation
at LINE-1 may have additional consequences.
LINE-1sare highly repeated and widely interspersed
human retrotransposon sequences [20]. There are up
to 600,000 copies of LINE-1s in the human genome.
Approximately, 2,000 copies remain full length, some
may be transcriptionally active, and less than 50 copies
are retrotransposible [21).Therefore, changes in the
LINE-1 level of methylation may possess additional
consequences regarding global hypomethylation. First,
insertion of LINE-1 in the intron may result in down-
regulation of the linked gene [22, 23]. Second,
methylation in the intron may result in down-regulation
of the linked gene [24]. Third, up-regulation of
LINE-1 may result to genomic instability by increasing
generalized DNA double strand breaks [25] and
retrotransposition [26, 27]. Moreover, LINE-1s may
have a similar function to oncogenes, whereas LINE-
| up-regulation may promote tumor phenotype [28,
29]. Finally, LINE-1 promoter may function to control
transcription in both the upstream antisense sequence
[30] and in LINE-1 with alternative splicing, causing
LINE-1 chimeric RNA [31]. Consequently, a
difference in level of LINE-1 methylation among
cancers may reflect several biologic consequences,
depending on the location of demethylated LINE- Is.
Therefore, LINE-1 demethylation in cancer should
result in different clinical outcomes.

History of global hypomethylation
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Loss of DNA methylation at CpG dinucleotides
was the first epigenetic abnormality to be identified in
cancer cells and was reported at a symposium at
Johns Hopkins in 1982 on tumour-cell heterogeneity
by Feinberg and Vogelstein [1]. Since then, genome-
wide hypomethylation has been reported in several
malignancies [2, 3]. In addition, the extent of global
hypomethylation appears to correlate with tumor
progression and invasiveness in several cancer types,
thus indicative of its role in tumor development and
progression [32, 33].

What do we learn from COBRALINE-1?

We developed a PCR-based analysis for
quantifying the genome-wide level of methylation to
improve upon the conventional Southern blot and
hybridization approach [3]. Southern blot requires large
amounts of DNA and consequently it is difficult to
analyze tumor DNA derived from micro-dissection.
We applied a modified COBRA PCR protocol to
efficiently and quantitatively evaluate LINE-1
methylation status in the entire genome of isolated
cell populations. This new protocol targets shorter
amplicon sizes of the widely distributed LINE-1
sequences, which greatly improves the yield when
amplifying genetic material derived from micro-
dissected paraffin-embedded tissue. Interestingly,
based on our experience, DNA from paraffin-
embedded tissue is difficult to be amplified by
conventional PCR methods [34, 35] because DNA is
usually degraded by formalin [34]. Interestingly,
we experienced a very limited failure rate of PCR
by COBRALINE-1, which may be due to the large
number of repetitive sequence in the genome [20].

3 i

5'CoATCCGACCAATCGCCgCoTTT

| sisufite conversion

5'CagATUCGAUUAATCgUCQCTT T3
| per

5'CagATTCgATTAATCT CqCaTTTI

Fig. 1 Schematic representation of DNA sequences. From above to below, the sequences were methylated DNA, bisulfited
DNA and bisulfited DNA after PCR, respectively. Bisulfite reaction converted unmethylated cytosines to uracils
but methylated cytosines were not changed. After PCR, uracils were amplified as thymine. The underline nucleotidef

represents sequence that was digestible by Tagl.
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Before PCR, to distinguish between methylated
and unmethylated sequences, the DNA is treated with
bisulfite [14]. Treatment with bisulfite converts
unmethylated cytosines, but not methylated cytosines,
to uracils and then thymines after PCR (Fig. 1). This
generates detectable methylation-dependent changes
in the restriction pattern of PCR-amplified LINE-1
sequences. The modified DNA was amplified by

5'UTR LINE-1 bisulfited sequence primers and then
digested with Tagl and Tasl restriction enzymes, which
recognize methylated and unmethylated sequences,
respectively. The level of LINE-1 hypomethylation
in each sample was calculated by dividing the
measured intensity of Tasl digestible amplicons with
the sum of the Tasl and Tagl products [3] (Fig. 2).

A 63 bp

80 bp

AACCG ~CGA LINE-1 sequence
1 Bisulfite and PCR

“AATTG_TTGAM
m—— DA T'C G "TCGA#MG& ated LINE-1

Tasl digest AATT l Taql digest TCGA

63 bp

AATTG—TTGAL

—-B-—BO 2 AATCG T CGA——-E-—————BO -

B

M
-

H20 Hela Jurkat Daudi

Fig. 2 Combined bisulfite restriction analysis of LINE-1 (COBRA LINE-1) [3]. LINE-1 methylation level was calculated as
a percentage of intensity of Tag! divided by the sum of Tagl-and Tasl-positive amplicons. (A) Schematic illustration
of COBRA LINE-1. The LINE-1 amplicon size is 160 bp. Methylated amplicons, 7agl positive, yielded two 80 bp
DNA fragments, whereas unmethylated amplicons, 7asl positive, yielded 63 and 97 bp fragments. (B) An example
of COBRA LINE-1. M, 10-bp DNA size marker; numbers under each sample, methylation levels; Tasl 63 and 97,
unmethylated amplicons; Taql 80, methylated amplicons. H20 is water, HeL.a, Jurkat and Daudi are cell lines. HeLa
LINE-1s are the most hypomethylated among the three.




Interestingly, there are distinctive LINE-1
methylation patterns among normal tissues [3]. In
most cases, the distribution of detectable LINE-1
hypomethylation within normal tissue of the same type
was consistently clustered, whereas the levels of
methylation in thyroid and esophageal tissues were
widely distributed. Strikingly, the levels of LINE-1
methylation were significantly different among
different tissue types. Our data suggest that this
epigenetic event may be continuously altered in adult
tissues by the processes of cellular differentiation
(Fig. 3A). Moreover, this finding implies the
physiologic function of LINE-1 level of methylation,
which would be new knowledge regarding how human
genes are controlled.

For cancer, our finding is consistent with the
previous notion that global hypomethylation is a
common epigenetic event in cancer. Carcinomas,
including breast, colon, lung, head and neck, bladder,
esophagus, liver, prostate, and stomach, reveal a
greater percentage of hypomethylation than their
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normal tissue counterparts [3] (Fig. 3B). Only
lymphomas and carcinomas of the kidney and thyroid
do not exhibit significant LINE-1 methylation
alterations (Fig. 3B). Collectively, with findings from
other approaches, global hypomethylation has been
found in almost all types of cancers, including
colon [1], lung [3], breast [36, 37], stomach [38],
prostate [3], ovary [32], urinary bladder [39], and
head and neck [3]. It is interesting to note that global
hypomethylation is detectable in those cancer types
known to have premalignant lesions (Shuangshoti S,
personal communication). Therefore, global
hypomethylation evolves through a multistep process
during carcinogenesis. This hypothesis is consistent
with our finding that LINE-1 hypomethylation
increases in direct relation with tumor progression.
Therefore, global hypomethylation is an ongoing
process developing during tumor progression,
in addition to previous evidence of genomic and
LINE-1 hypomethylation occurring as an early event
in carcinogenesis [3].
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Fig.3 LINE-1 hypomethylation levels in several tissue types [3]. Circles and triangles are levels of COBRA LINE-1
from normal and malignant, respectively. The vertical axis displays percentage levels of LINE-1 hypomethylation.
Sample types are labeled. (A) is the hypomethylation levels of adjacent normal tissues and (B) is normal and
cancers. Single, double, and triple asterisks indicate significant differences in hypomethylation levels between
normal tissues and the tested samples at P<0.05, <0.01, and <0.001, respectively. N and T are normal and malignant
tissues, respectively. The figure was modified from Chalitchagorn K et al. [3].
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Current clinical application

Applying COBRALINE-1 in analyzing the
genome-wide level of methylation has the advantage
over conventional Southern blot and hybridization
technigues in that minute quantities of low quality of
DNA can be analyzed. Therefore, several sources
of DNA can be analyzed, in particular DNA sources
from body fluids. Moreover, the analysis can be
performed in a quantitative fashion. Consequently, the
correlation among large sample sizes can be
effectively determined.

Cancer DNA is released into a patient’s
circulation by an unknown mechanism [40]. The
amount of tumor DNA depends on the type and
severity of the malignancy. For example, whereas
Epstein Barr viral DNA is found in serum/plasma
from the majority of patients with nasopharyngeal
carcinoma, few patients with cervical cancer
have human papilloma viral DNA in their
plasma [41]. Moreover, patients with cervical cancer
in whom the plasma is HPV-positive are strongly
associated with metastasis [41]. Because LINE-]
hypomethylation is a common event in cancer and
the level may directly correlate with clinical severity,
we evaluated the use of COBRALINE-1 in the
serum of cancer patients. Our first systematic
approach was to evaluate the sera of patients with
hepatocellular carcinoma (HCC) [42]. Serum genome
hypomethylation, the percentage of unmethylated
LINE-1, was significantly increased in patients with
HCC. The levels of serum LINE-1 hypomethylation
on initial presentation correlated significantly with the
presence of HBsAg, large tumor sizes, and advanced
tumor stages, as classified by the CLIP score.
Multivariate analyses showed that serum LINE-1
hypomethylation was a significant and independent
prognostic factor of overall survival, Therefore, serum
LINE-1 hypomethylation may serve as a prognostic
marker for patients with HCC [42].

Our ongoing approach was to evaluate whether
LINE-1 hypomethylation is a potential prognostic
factor for epithelial ovarian cancer (EOC). We found
that LINE-1 levels of methylation in EOC were lower
than in representative normal ovarian tissues. The
mean percentage of the level of methylation in
the cancer group was lower than in the control
group. In addition, the LINE-1 levels of methylation
among specific histologic subgroups were different.
The mean LINE-1 levels of methylation ranked
higher-to-lower were as follows: mucinous, serous,

endometrioid, and clear cell carcinomas. An increase
in the level of hypomethylation was correlated with a
higher FIGO stage, advanced tumor grade, elevated
CA 125 level, and tumor recurrence. Patients with
greater hypomethylation had poorer mean overall
survival and a lower mean progression-free interval.
Therefore, LINE-1 hypomethylation is a common
and important epigenetic process in ovarian
carcinogenesis. Moreover, the COBRALINE-1
method has the potential to be used as a tumor marker
for EOC,

Cho et al. [43] studied hypermethylation of CpG
island loci and hypomethylation of LINE-1 and Alu
repeats in prostate adenocarcinoma and their
relationship to clinicopathologic features. They found
that prostate adenocarcinoma with hypermethylation
of ASC, COX2, RARB, TNFRSF10C, MDR1, TIG1,
RBP1, NEUROGI, RASSF1A, and GSTP1 showed
a significantly lower level of methylation of Alu or
LINE-1 than prostate adenocarcinoma without
hypermethylation. In addition, hypomethylation of Alu
or LINE-1 was closely associated with one or more
of the above prognostic parameters. These data
suggest that with respect to tumor progression,
a close relationship exists between CpG island
hypermethylation and the hypomethylation of repetitive
elements, and that CpG island hypermethylation
and DNA hypomethylation contribute to cancer
progression [43].

Similarly, the PCR-based method has been used
to evaluate the significance of methylation of repetitive
sequences in particular Alu and LINE-1 in association
with chromosomal instability, and microsatellite
instability (MSI) remains unclear in colorectal
cancer. Matsuzaki et al. [44] investigated the
relationship between global methylation status, loss
of heterozygosity (LOH), and MSI in sporadic
colorectal cancer. They found LOH was observed
more frequently in microsatellite stable (MSS) cancers
than in MSI cancers at all loci. MSS cancers showed
significantly lower global methylation levels when
compared with MSI cancers. Tumors with higher
global hypomethylation had a significantly increased
number of chromosomal loci with LOH than did
tumors without global hypomethylation. This suggests
that global hypomethylation plays an important
role in’inducing genomic instability in colorectal
carcinogenesis [44].

Interestingly, the level of global hypomethylation
from white blood cells may reflect head and neck
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cancer risk, Hsiung et al. [45] determined whether
global methylation in DNA derived from whole blood
was associated with head and neck cancer. They
found that hypomethylation lead to a significant
1.6-fold increased risk for disease in models controlied
for other head and neck squamous cell cancer
(HNSCC) risk factors. Smoking showed a significant
differential effect on blood levels of methylation
between cases and controls. Therefore, DNA
hypomethylation in non-target tissues was
independently associated with HNSCC and had a
complex relationship with the known risk factors
associated with the genesis of HNSCC [45]. The
mechanism to account for this finding is not known.
However, it is interesting to speculate that changes in
the genome-wide level of methylation are systemic
rather than local. Chronic feeding of a methyl-donor
(methionine, choline, folic acid, and vitamin B12)
deficient diet induces hepatocellular carcinoma in rats.
Asada et al. [46] determined cytosine methylation
status in the LINE-1 repetitive sequences of rats fed
a choline-deficient (CD) diet of various durations
and compared the cytosine methylation status
with rats fed a choline-sufficient diet. Progressive
hypomethylation was observed in LINE-1 liver of
rats fed a CD diet as a function of feeding time [46].

Other applications

LINE-1 methylation may be continuously
altered in adult tissues by the processes of cellular
differentiation [3]. Therefore, it is interesting to
explore the role of LINE-1 methylation during human
developmental process. Perrin D et al [47] studied
global DNA methylation of trophoblastic tissues.
Partial hydatidiform mole and normal placenta have
identical global levels of DNA methylation.
Surprisingly, LINE-1 sequences are hypermethylated
in partial hydatidiform mole tissues. This confirmed
the physiologic roles of LINE-1 methylation.

Several causes and consequences of global
hypomethylation appear to occur in cis that is
linked to nearby unmethylated DNA. For example,
studies in ICF syndrome (immunodeficiency,
chromosomal instability, and facial anomalies) with
loss-of-function mutations in the cytosine DNA
methyltransferase DNMT3B [48] and Wilm’s tumor
[49] demonstrated the direct association between
loss of DNA methylation and rearrangements in
the pericentromeric heterochromatin. Therefore,
hypomethylation could lead to spontaneous mutations

in cis. Moreover, LINE-1 methylation may influence
the linked gene expression [22, 30, 31]. Consequently,
LINE-1 demethylation may lead to an alteration of
linked gene expression. Therefore, COBRALINE-1
should be a great tool for evaluating the biology
of these phenomena. Finally, alteration of DNA
methylation should not only affect tumor phenotype,
but a potential role of changes in human DNA
methylation patterns in other conditions, such as
atherosclerosis and autoimmune diseases (e.g.,
mualtiple sclerosis, psoriasis, and lupus) has been
recognized {50-52]. Therefore, in addition to cancer,
COBRALINE-1 should be a great tool to study
fundamental biologic processes and may be a
diagnostic tool in the future.

Further improvement

The potential clinical application of the
COBRALINE-1 approach is illustrated by a
significantly higher serum LINE-1 hypomethylation
levels in HCC patients when compared to normal
individuals [42]. However, the two levels are, as
expected, considerably overlapped. Further
improvements of the current method in order to show
a more distinct LINE-1 hypomethylation pattern for
tumor versus normal tissues, if possible, are crucial.
Qur previous study [3} revealed that there are
differences of LINE-1 methylation levels not only
among normal tissues but also cancer types and
stages. Our ongoing researches indicate that the
differences may be due to the distinctive patterns of
methylation among LINE-1 loci. Therefore, LINE-1
hypomethylation from several loci may serve as
potential prognostic markers for certain cancers.
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Abstract

Background: Differentiating genetically between populations is valuable for admixture and
population stratification detection and in understanding population history. This is easy to achieve
for major continental popufations, but not for closely related populations. It has been claimed that
a large marker panel is necessary to reliably distinguish populations within a continent. We
investigated whether empirical genetic differentiation could be accomplished efficiendy among
three Asian populations (Hmong, Thai, and Chinese) using a small set of highly variable markers (15
tetranucleotide and 17 dinucleotide repeats).

Results: Hmong could be differentiated from Thai and Chinese based on multi-locus genotypes,
but Thai and Chinese were indistinguishable from each other. We found significant evidence for a
recent population bottlenack followed by expansion in the Hmong that was not present in the Thai
or Chinese. Tetranucleotide repeats were less useful than dinucleotide repeat markers in
distinguishing between major continental populations {Asian, European, and African) while both
successfully distinguished Hmong from Thai and Chinese.

Conclusion: Demographic history contributes significantly to robust detection of intracontinental
population structure. Populations having experienced a rapid size reduction may be reliably
distinguished as a result of a genetic drift -driven redistribution of population allele frequencies.
Tetranucleotide markers, which differ from dinucleotide markers in mutation mechanism and rate,
are similar in information content to dinucleotide markers in this situation. These factors should
be considered when identifying populations suitable for gene mapping studies and when
interpreting interpopulation relationships based on microsatellite markers.
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Background

Genetic characterization and differentiation of popula-
tions are often necessary for the conduct of valid case-con-
trol association studies [1-5], determining the role of
ancestry in phenotypic differences [6,7], assigning popu-
lation groups for valid linkage analysis [8], examining the
distribution of neutral genetic variation among popula-
tions, and inferring migration histories [9-11]. Such dif-
ferentiation has been accomplished with relative ease
between major continental populations [10,12-15], but it
has been asserted that population differentiation within a
continent may not be possible; and when it appears to be
50, may actually be an artifact of study design [16].

The ubiquity and frequently highly variable nature of
short tandem repeat polymorphisms (STRs or microsatel-
lites) have made them desirable markers for measuring
population stratification. Cammercially available marker
sets such as those used for forensic purposes make STR
genotyping cost effective, eliminating the time and effort
required 1o develop multiplex marker panels. Panels
developed for forensic purposes are designed to identify
or exclude an individual as a match for another sample
and were compiled, in part, for their high levels of varia-
tion in many populations [17]. Such panels have been
adopted for non-forensic purposes such as inference of
population phylogenies [18-21] and quantification of lev-
els of population differentiation [1,2,5,8].

Homoplasy, as applied to STRs, refers to the situation
where alleles of the same length have arisen from different
mutation events, such that alleles identical-by-state are
not necessarily identical-by-descent. Simulations of STR
evolution using the stepwise mutation model (SMM)
have indicated that homoplasy in STR genotypes may
cause individuals or populations to appear to be more
genetically similar than they really are. Point mutations,
insertion or deletion events (indels), or complex repeat
motifs can generate additional forms of size homoplasy
that are sometimes revealed by sequencing but are not
detectible through size fractionation (electrophoresis)
{22-24]. These forms of homoplasious alleles have been
observed in a number of the tetranucleotide repeats that
are standard in forensic panels (some of which are
included among the markers used in this study; see
below) [25].

However, it has also been shown that even in the presence
of homoplasy, multi-locus genotypes (the combined gen-
otypes from multiple loci) of highly variable STR markers
are effective in assigning individuals to known or
unknown populations [26-33]. Again, this has typically
been true for large continental populations. Population
differentiation within a continent has been successful, but
only with large numbers of markers when applied to pop-
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ulation isolates [10]. Here, we used a small set of markers
and, in contrast to the majority of past studies, addressed
the properties of the markers used.

Conditions such as small population size or recent found-
ing of a population may enable statistical differentiation
using a small panel of highly variable markers, due to
increased effects of genetic drift and decreased incidence
of homoplasy. To evaluate this possibility, we investigated
whether empirical genetic differentiation could be accom-
plished efficiently among three closely related Asian pop-
ulations {Hmong, Thai, and Chinese) using a small set of
STRs that includes both tetranucleotide and dinucleotide
markers. [n addition, we studied the relative information
content of tetranucleotide versus dinucleotide markers for
discriminating among these three Asian populations, as
well as European Americans (EA) and African Americans
(AA). We then evaluated the populations for evidence of
recent changes in effective population size.

Results

Population differentiation

The program STRUCTURE 2.1 [32,33] uses Bayesian clus-
tering of multilocus genotypes to assign individuals to
populations, estimate admixture proportions for individ-
uals, and infer the number of parental populations (K) for
a sample. For STRUCTURE runs which included the three
East Asian populations only and ali 32 markers, the
Hmong were allocated into a cluster distinct from a single
Thai/Chinese cluster with 86.0% estimated ancestry for K
= 2 with a posterior probability (Pr(K = 2)) of 1, indicating
K with the best fit for the data (Figure 1a). Separate Thai
and Chinese clusters were not inferred with K = 3 and Pr{K
= 3) was effectively zero (3.3 x 10 -13) (Figure 1b). When
the three East Asian populations were analyzed with EA
and AA samples, the Hmong were then allocated to a sep-
arate cluster with an average of 90.0% estimated ancestry
when K = 4 and Pr{K = 4) = 1 (Figure 1¢). Under these
same conditions, the Thai and Chinese were assigned
together to a single cluster with 86.5% and 84.2% esti-
mated ancestry, respectively. When K was increased to 5,
the Thai and Chinese populations continued to form a
single cluster (Figure 1d) and Pr{K =5) was 1.7 x 1048 For
K =2, K =3, or K = 6, Pr(K) was similarly effectively zero
(barplots not shown).

When the markers were separated by repeat size the extent
of successful population assignment differed greatly
between the two panels; for STRUCTURE runs using the
15 tetranuclectide markers alone Pr(K = 3) was 1, while
for the 17 dinucleotide markers alone Pr{K = 4) was 1. In
addition, although K = 3 had the best fit for the data for
tetranucleotide markers, assignment of individuals to
major continental populations was not robust (Figure le)
(EA 63.2%, AA 75.3%, Thai 54.1%, Chinese 48.7%,
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a) K = 2, all 32 markers

(b) K = 3, all 32 markers

' =

(c) K =4, all 32 markers

(e) K = 3, 15 tetranucleotide markers onl

(f) K = 3, 17 dinucleotide markers only

Figure |

Hmong populations are consistently and reliably distinguished from all others in STRUCTURE analyses using a small number of
either dinucleotide or tetranucleotide markers while for other populations successful assignment of individuals varies with
marker type. In (a) and (b) Chinese, Hmong, and Thai samples were assigned by STRUCTURE to 2 or 3 populations respec-
tively. In (c) and (d) European-American (EA), African-American (AA), Chinese, Hmong and Thai samples were assigned to 4
or 5 populations respectively. Finally, tetranucleotide markers (e) are less useful for differentiating among EA, AA, Thai and
Chinese populations than dinucleotide markers (f & g). These plots were produced using the STRUCTURE software; each
individual is represented by a vertical line depicting the estimated percent assignment of the individual into K assumed popula-
tions. Each assumed population is represented by one color. Vertical black lines separate individuals by self-reported ancestral
population.
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Hmong 86.1%). Dinucleotide markers alone resulted in
higher assignment rates than those of the tetranucleotide
markers when K = 3 (Figure 1f) (EA 94.0%, AA 91.4%,
Thai 88.3%, Chinese 88.4%, Hmong 97.3%) or under the
best fit for the data, K = 4 (Figure 1g) {EA 91.4%, AA
90.4%, Thai 81.0%, Chinese 73.6%, Hmong 82.8%).

Out of concern that each Hmong village in which samples
were collected could consist of its own apparent cluster
due to close relatedness within each village, the villages
were analyzed initially as separate populations in STRUC-
TURE under the same conditions as all STRUCTURE runs
reported here. In all cases, the two source villages formed
one cluster and the average assignment values for all pop-
ulation samples, including Hmong, were no different
than assignment values reported here when the two vil-
lages were combined and assumed to be one population
(data not shown).

Effective population size

The Hmong sample was found to have a heterozygosity
deficiency (p = 6.004), based on a sign test in BOTTLE-
NECK [34], indicating a possible recent population
expansion. Given the number of observed alleles, if the
Hmong population was at equilibrium heterozygosity is
expected to be higher than that which is observed. All
other samples had neither excess nor deficiency for this
measure.

Relatedness

Based on maximum-likelihood estimates of pair-wise
relationships, potential parent-offspring pairs and sibling
pairs were discovered in the Chinese and Hmong samples.
In each case, one individual was then deleted from the
sample and excluded from all other analyses.

Hardy Weinberg Equilibrium (HWE)

No population showed significant deviation from HWE
over all loci (EA p = 0.07, AA p = 0.82, Chinese p = 0.57,
Thai p = 0.87, Hmong p = 0.99) (Table 1). If a Bonferroni
correction is applied to correct for multiple testing,
{requiring a p value of 0.05/32 = 0.00156 for significance)
none of these p-values for individual loci are significant
(Additional File 1).

Heterozygosity

The mean observed heterozygosity (H,) (Table 2} for all
loci was not statistically different for any of the Asian pop-
ulation pairs, based on paired two-sample t-test (Chinese/
Hmong p = 0.07, Thai/Chinese p = 0.34, Thai/Hmong p =
0.27). With the exception of EA/Chinese, mean observed
heterozygosity was significantly different for all other
population pairs (EAfAA p = 0.01, EA/Thai p = 0.03, EA/
Chinese p = 0.37, EA/Hmong p < 0.01, AA/Hmong p <
0.01, AA/Thai p < 0.01, AA/Chinese p = 0.04}.
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Mean tetranucleotide H, was not significantly different
from mean dinucleotide H, for any population other than
Chinese based on a two-sample t-test (Table 3) (AA p =
0.49, EAp=0.17, Thai p = 0.30, Chinese p = 0.05, Hmong
p=057).

Marker information content

The mean Hmong/Thai and Hmong/Chinese & values are
nearly equivalent, and the Hmong were similarly differen-
tiated from these two populations (delta values for each
locus and mean delta values for all loci and by repeat size
are reported for each population pair in Additional File
2). The low mean Chinese/Thai § appears to explain the
inability of this marker panel 1o assign the Thai and Chi-
nese to separate clusters. Overall, the dinucleotide mark-
ers provide more information than the tetranucleotide
markers, but this difference is not as great for population
pairs that include the Hmong; for the Hmong/Chinese
and Hmong/Thai population pairs, the difference in the
average dinucleotide 8 and the average tetranucleotide & is
negligible (Figure 2).

Discussion

in this smdy, we successfully differentiated between
closely related populations using a marker set much
smaller than that previously suggested to be minimally
necessary for such studies. We used a set of highly poly-
morphic microsatellite markers of which some were spe-
cifically selected for high 8 between EA, AA, and Asian
populations [15], however, the value of this marker set for
differentiating populations within Asia was previously
unknown. To explain our results, we investigated the evo-
lutionary histories of the samples, and found evidence for
changes in N, for the Hmong populatien, based on an
excess of rare alleles. This tribal population has a recent
history of repeated fractioning and migration throughout
Southeast Asia as well as loss of numbers due to military
conflict, which is consistent with our results [35]. Further
suggestive evidence of a recent Hmong population bottle-
neck followed by expansion can be found in the delta val-
ues of tetranucleotide markers compared to that of
dinucleotide markers. Delta measures absolute values of
allele frequency differences which can arise over time via
accurnulated mutations or through deviations from neu-
tral conditions such as drift caused by a bottleneck.

If time since divergence determines differences in allele
frequencies delta should be correlated with time since
divergence. The tetranucleotide markers consistently pro-
vide as much information for the Hmong as the dinucle-
otide markers provide, while this is not so for any other
population. We propose that this suggests forces other
than mutation as measured by divergence time contribut-
ing to differences in population allele frequencies
between Hmong and other populations examined here.
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Table |: Results from Fisher's test for deviation from HWE for all 32 loci combined

EA AA Thai Chinese Hmong
chi square 813 53.6 SIS 613 41.6
df 64 64 &4 64 64
p-value 0.07 082 087 0.57 0.99

The effects of this can be seen in the differences in cluster-
ing behavior using STRUCTURE when either tetranucle-
otide or dinucleotide genotypes are analyzed alone -
specifically, the difficulty in using the tetranucleotide
panel to assign individuals to major continental groups
for all populations, with the exception of the Hmong.
Rosenberg et al [30] found dinucleotide markers to be
more informative than tetranucleatide markers for popu-
lation assignment in a larger study based on a different
measure of marker informativeness. In their study, popu-
lations from the Americas or Oceania were exceptions to
this pattern. The authors proposed genetic drift during
founding events as one explanation for their results.

Mean tetranucleotide H, was not statistically different
from mean dinucleotide H,, for any population other than
Chinese. Although these markers suggest high intrapopu-
lation variation for all populations in this study, this does
not provide information on differences in the sources of
that variation either within or between populations for
each type of marker.

The decrease in difference between & values between the
two subsets of markers for population combinations that
include the Hmong indicates that genetic drift (random
changes in allele frequencies from one generation to the
next that are more likely to affect small populations)
rather than mutation has been a major force of evolution
contributing to observed allele frequencies in this popula-
tion. Differences in marker information content between
the tetranucleotide and dinucleotide panels for all other
populations in this study indicate that mutation rate and
mechanism have shaped allele frequency distributions in
these populations more than genetic drift, as would be
expected for large populations at mutation-drift equilib-
rium.

The dinucleotide markers were previously selected for dif-
ferentiation between European and African populations
and high variation [15] and the tetranucleotide markers
were chosen for forensic purposes for their high rates of
variation in multiple populations.

Total sample size, unequal sample size between popula-
tions, and number of markers can affect the stability of
clustering in STRUCTURE [36,37]. We cannot exclude
biases introduced through these study design elements
influencing our observations, however, stable clustering
patterns were inferred in this case by repeated STRUC-
TURE runs. Although increasing the number of markers or
population sample size can strengthen clustering patterns
where clustering exists, the number of individuals in a
sample or the minimum number of markers necessary to
differentiate between all populations is dependant on the
evolutionary histoties of the population samples. Sample
sizes similar to ours have been demonstrated previously
to be generally sufficient for stable and accurate clustering
[36].

Some of the tetranucleotide markers in this study have
been shown to consist of complex repeats including more
than ane repeat motif, as well as insertions or deletions of
partial repeats [17] (structure of observed alleles and their
amplicon sizes can be found for tetranucleotide repeats
typically used for forensic purposes and in this study at
[25]. These factors, as well as historically large effective
population size such as those of the EA and AA popula-
tions, increase the likelihood of size homoplasy. We
hypothesize that the accumulation of homoplasious alle-
les of tetranucleotide loci may contribute wo their lower
information content when compared to that of the dinu-
cleotide markers in populations other than Hmong.

Table 2: Mean Nei's gene diversity (H,)and mean observed heterozygosity (H )for all markers for each population

N H, H,SD H, H,SD
EA 9l 077 0.0l 0.76 0.0}
AA 54 0.8l 0.01 0.8l 0.0l
Thai 45 0.74 0.02 072 0.0}
Chinese 28 0.75 0.03 0.74 0.01
Hmang 70 0.71 0.02 0.69 0.0l
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Table 3: Mean observed heterozygosity (H,) for each marker type for each population

EA AA
H, tetranucleotide 0.78 0.80
0.75 0.82

H, dinucleotide

Conclusion
When STR loci are used either to detect association, link-

age, or population substructure, population history and
marker choice both affect study results. Demographic his-
tory and marker properties are often overlooked when
determining population or marker suitability for gene
mapping studies (i.e. to identify variants that affect traits),
but have bearing on the efficiency and feasibility of such
studies.

The three Asian populations in this study have mean H,
values which are not significantly different from each
other. It is likely that genetic drift, in conjunction with
long-standing endogamy, allow the Hmong to be statisti-
cally differentiated from the Thai and Chinese using mul-
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tilocus genotypes, despite the high level of within-
population variation of the Hmong. Potential homoplasy
in populations at equilibrium warn against the use of
STRs (particularly those with known homoplasious alle-
les) for phylogenetic analysis or linkage or association
mapping purposes in large populations, other than quan-
tifying population stratification. Since the tetranucleotide
repeats used in commercially available kits designed for
forensic purposes have been well-characterized and have
been demonstrated to contain many instances of size
homoplasy, these markers should not be relied upon for
phylogenetic analyses. Risks of homoplasy interfering
with association or linkage analysis, in which identical-
by-state is often assumed to mean identical-by-descent,

(b) Dinucleotide D and Tetranucleotide [:] markers separately

Note significant information disparity
between dinucleotide and tetranucleotide
0 markers in comparisons among major
continental groups
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The left side of the figure shows the average delta for all 32 loci for each population pair and the right side of the figure shows
the average delta for |5 tetranucleotide (shaded) and 17 dinucleotide (unshaded) markers, separately, for each population pair.
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should be less of a concern in populations that have
undergone recent bottlenecks.

In addition, a history of migrations or bottlenecks in an
isolated population is expected to initially reduce levels of
intrapapulation variation, and increase interpopulation
differentiation [38]. Linkage disequilibrium (LD) will be
higher in such populations [39,40]. A subsequent popula-
tion expansion will recover allelic variation faster than LD
will degrade fora given genomic region. Low intrapopula-
tion variation, the corresponding increase in interpopula-
tion variation, and higher LD, have heen identified as
desirable characteristics in a population for gene mapping
and admixture detection [41,42], making geographically
or culturally isolated populations with a history of bottle-
necks potentially more valuable for gene mapping than
populations whose size has remained stable and large. In
addition to reducing genetic heterogeneity for the trait of
interest, use of such populations also could reduce the
costs of association mapping studies because the number
of subjects needed for a specified power level is inversely
related to the population's level of LD {43]. Tt would
therefore be useful to identify such populations prior to
designing a study.

Existence of a large number of rare alleles within a popu-
lation can be the result of a bottleneck foliowed by expan-
sion [44-46]. It is possible 1o infer these events from a
significant heterozygosity deficiency in the Hmong sam-
ple based on results from BOTTLENECK. The data from
the EA, AA, Chinese and Thai samples do not violate the
assumptions of mutation-drift equilibrium. These data
suggest that the populations in this study have been large
and at equilibrium for a relatively long peried, with the
exception of the Hmong population (as represented by
the individuals we sampled). Unknown migrants or
recent admixture can introduce new alleles into a popula-
tion at initial low frequencies, mimicking the pattern
caused by population expansion. Such recent admixture is
not a likely explanation of the data in this case in light of
successful clustering of the Hmong sample when analyzed
with samples from the two populations most likely to
contribute to hypothetical admixture: Thai and Chinese.

STRUCTURE, and other clustering algorithms, detect
admixture and quantify population differentiation
through differences in population allele frequencies.
These differences which allow for successful clustering
arise through various evolutionary forces and are shaped
by ascertainment processes which must also be consid-
ered when identifying populations suitable for gene map-
ping studies or interpreting estimates of inter or intra-
population genetic distance. The ability to differentiate
between East Asian populations that have diverged
recently relative to major continental populations indi-
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cates that it may also be possible to use more easily-acces-
sible closely related populations, such as European, for
admixture mapping if marker choice and population his-
tory are taken into account.

Methods

Populations and sampling

The Asian populations in this study were collected as part
of an ongoing gene mapping study. Samples of self-iden-
tified Thai (N = 45) and Chinese (N = 29) were obtained
from a blood drive in Bangkok, Thailand. The Thai and
Chinese samples used in this study were selected to
inctude only subjects for whom all four grandparents were
reported to have the same self-identified ethnicity as the
subject. The Hmong, a Miac-Yao-speaking group of the
Austro-Thai language family, are an endogamous tribal
population with an estimated total population through-
out China, Laos, Vietnam, and Burma of eight million,
approximately 120,000 of whom reside in Thailand. Chi-
nese written history documents the presence of Hmong in
Central China at least 2,300 years ago and their migration
to Southern China several hundred years later. Migrations
farther south have occurred since the seventeenth century
[47]. Hmong refugees fleeing military conflict in Laos
have periodically been resettled since 1975 in the US,,
France, and Australia. Hmong samples (N = 103] were
obtained in two Hmong villages in northern Thailand.
Data on grandparents' reporied ethnic affiliation were not
available for the Hmong subjects. The dataset also
included samples of unrelated African Americans (AA, N
= 54) and European Americans (EA, N =91), a subset of a
sample described elsewhere [15]. Both FA and AA samples
were self-identified as such, and these identifications were
previously confirmed via Bayesian marker clustering [15].
After immediate relatives were discovered and excluded
from analysis {see below), sample sizes were reduced as
follows: Hmong (N = 70) and Chinese (N = 28). No close
relative pairs were found within the remaining three pop-
ulation samples. All subjects provided informed consent
as approved by the appropriate institutional review
boards.

Markers and genotyping

For the three East Asian populations, DNA was extracted
directly from blood using PaxCene materials and the
manufacturer's specified protocol (Qiagen, Valencia CA,
USA) (Hmong) or standard phenol/chloroform methods
(Thai and Chinese). All samples were genotyped for
thirty-two unlinked autosomal STR markers. The panel is
comprised of the 15 tetranuclectides in the AmpF/STR
Identifiler PCR Amplification kit (PE Applied Biosystems,
Foster City, CA, USA) (D851179 {GenBank:AX4122006],

D21811 [GenBank:Al550387], D75820  [Gen-
Bank:NC 000007}, CSFIPO  [GenBank:AF076965],
D3§1358 [UniSTS:148226], THOL [UniSTS:240639],
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D13§8317 [GenBank:G0Q90Q17], D168539 [Cen-
Bank:AF249681, D251338 [GenBank:G08202], D195433
[CenBank:GQ8036 |, vWA {UniSTS:240641], TPOX [Gen-
Bank:M25706], D18S51 [GenBank:L18333 ] D55818
[GenBank:G08446 and FGA [GenBank:G3347]) and an
additional 17 dinucleotide repeats (D175799 [Gen-

Bank:Z16830], D8§272 [GenBank:Z17250], D7S5640
[GenBank:Z23671], D851827  |GenBank:Z50970],
0225274 [GenBank:Z16730, D55407 [Gen-
Bank:Z16723], D25162 |GenBank:Z17035], D10S197
[GenBank:Z16611], D115935  [GenBank:Z17148],
D95175 [GenBank:Z17021], D55410 [GenBank:Z16825],
D752469  [GenBank:Z53000], D16S3017  [Gen-
Bank:252036], D1051786 |GenBank:Z51854],
D1581002  [GenBank:Z5324%), D651610  [Gen-

Rank:Z53131], and D182628 |GenBank:Z52173]). The
amelogenin locus, included in the AmpE/STR Identifiler
PCR Amplification kit for sex identification, was not
included in any analyses. All STR markers were analyzed
on an ABI PRISM 3100 semiautomated capillary fluores-
cence sequencer. Data were scored using Genemapper
{ABI). We have previously used this marker panel to deter-
mine and statistically correct for ancestry in case-control
studies and genome-wide linkage studies [1,2,5,8].

Statistical anolyses

Population differentiation

Because variance of STRUCTURE results increases with
small sample sizes [15], each run was repeated five times.
However, results did not vary notably for each of the five
runs given a set of conditions. For analysis of the three
East Asian populations alone, the parameters used were K
=2 and K = 3, 50,000 burn-in and 50,000 Markov chain
Monte Carlo [MCMC} iterations. For analysis of all five
populations in this study, the parameters used were K = 2,
K =3, K =4, and K = 5, with 50,000 burn-in and 50,000
MCMC iterations. These STRUCTURE runs were each car-
ried out with all 32 markers and then with the 15 tetranu-
cleotide markers and the 17 dinucleotide markers
separated into two marker panels. The posterior probabil-
ity for each value of "K" was calculated to determine the
"K" that best fit the data for each set of populations and
markers. The self-reported population of origin was not
used as additional data by STRUCTURE and the presence
of admixture was assumed.

Effective population size

The program BOTTLENECK evaluates populations for evi-
dence of a recent rapid change in effective population size,
according to differences between Nei's gene diversity, or
unbiased expected heterozygosity (H,) based on observed
allele frequencies versus expected equilibrium gene diver-
sity (H,,), simulated based upon an assumed mutation
model, number of alleles, and number of gene copies (2N
for a diploid system) for each locus. Based on simulations

http:/fwww.bicmedcentral.com/1471-2156/8/21

of a coalescent process in which observed alleles at a locus
are traced back to a hypothetical common ancestral allele,
BOTTLENECK predicts present-day allele frequencies
assuming constant population size. This results in a H,
value for the present-day population. Significant devia-
tions from this predicted value are used to infer drastic
changes in effective population size which have occurred
in the recent past. A significant heterozygosity excess (H,
> H,g) indicates a possible bottleneck while a significant
deficit (H, < H,} indicates a possible expansion.
Observed heterozygosity is the percentage of hetero-
zygous individuals in a sample for a locus and is based on
observed genotypes while (H,) is the probability that two
alleles chosen at random from the population sample will
not be identical, correcting for sample size, and is an indi-
rect measure of the extent to which allele frequencies for a
locus are evenly distributed.

Significance of deviations from H,, was tested under the
two-phased maodel of mutation (TPM) which assumes
that the majority of mutations are single step mutations,
as in the stepwise mutation maodel but allows for some
multi-step mutations, which are more likely to be
observed in dinucleotide repeats and may be a more accu-
rate model for microsatellite mutation than the SMM
[48]. BOTTLENECK allows the user to specify the percent
of multi-step mutations assumed and the variance of
allele size for the mutation model. BOTTLENECK authors
suggest a percent of multi-step mutations between 5 and
10. It has been shown that incidence of type | error
(detecting a bottleneck when a population has been at
equilibrium) for the algorithm used in BOTTLENECK
increases when assumed parameters are overestimated
[49]. Therefore, based on detection of predicted bottle-
necks for the AA, Chinese and EA populations when larger
values were used, variance was set conservatively at 20 and
percent of multi-step mutations was set at 5. The number
ofiterations of the simulated coalescent process under the
TPM was 1000.

Relatedness

We used marker genotypes to identify, and then exclude
from the analysis sample, closely related subjects who
may not have identified themselves as such. The admix-
ture model in STRUCTURE assumes HWE and linkage
equilibrium within subpopulations; the use of close rela-
tives within a sample would violate those assumptions
and possibly result in false cluster detection [33]. Simi-
larly, BOTTLENECK software assumes no close relatives in
a population sample [34]. Although potential subjects
may be instructed that multiple family members should
not participate, cultural differences in kin definitions, lack
of understanding of instructions, or financial compensa-
tion of subjects may result in individuals disregarding
such instructions. Maxirnum likelihood estimates of pair-
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wise relationships (parent-offspring, full sib, half-sib, or
unrelated) were produced using the program ML-Relate
{50] for all possible pairs within each population. ML-
Relate does not require pedigree information and there-
fore can be applied to a large anonymous sample.

Hardy Weinberg Equilibrium (HWE)

Tests for deviation from Hardy-Weinberg equilibrium
were conducted for each locus within each population
using the exact test for HWE based on a Markov chain
method implemented in the web-based version of GENE-
POP |51]. The parameters used were 5000 dememoriza-
tions, 500 batches, and 5000 iterations per batch. The
parameter values were increased from defaults until the
observed standard error for p-values was [ess than 0.01.

Heterozygosity

Allele frequencies, observed heterozygosity (H,) values,
and Nei's gene diversity (H,) for each locus were calcu-
lated using MStools [52]. For a diploid system, H, is calcu-
lated as H, = 2N(1-Epi2}/2N -1, where N is the number of
individuals sampled, and pi is the frequency of the ith
allele |53].

Marker information content

Markers were evaluated for delta (8) [54], a measure of
marker information content, reflecting the ability of a
marker to statistically differentiate between populations.

To arrive at 8, the absolute values of allelewise frequency
differences between two populations are added and this

where }'Jf1 and

L
sum is divided in half, § = -;—2|p,’“ —pf
i=1

p,—B are the allele frequencies for the ith allele in popula-

tion A and B. The more effective the marker is at differen-
tiating between populations, the higher the value for &
[15]. In comparison to Fgr, the measure & is easily calcu-

lated and independent of mutation model assumptions.
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Abstract

Background: GABA transporter-l (GAT-I; genetic locus SLC6AI) is emerging as a novel target for treatment of
neuropsychiatric disorders. To understand how population differences might influence strategies for pharmacogenetic studies,
we identified patterns of genetic variation and linkage disequilibrium (LD) in SLC6A! in five populations representing three
continental groups.

Results: We resequenced 12.4 kb of SLC6A/, including the promoters, exons and flanking intronic regions in African-American,
Thai, Hmong, Finnish, and European-American subjects (total n = 40). LD in SLCSAT was examined by genotyping 16 SNPs in
larger samples. Sixty-three variants were identified through resequencing. Common population-specific variants were found in
African-Americans, including a novel 21-bp promoter region variable number tandem repeat (VINTR), but no such variants were
found in any of the other populations studied. Low levels of LD and the absence of major LD blocks were characteristic of all
five populations. African-Americans had the highest genetic diversity. European-Americans and Finns did not differ in genetic
diversity or LD patterns. Although the Hmong had the highest level of LD, our results suggest that a strategy based on the use
of tag SNPs would not translate to a major improvement in genotyping efficiency.

Conclusion: Owing to the low level of LD and presence of recombination hotspots, SLC6AT may be an example of a
problematic gene for association and haplotype tagging-based genetic studies. The 21-bp promoter region VNTR polymorphism
is a putatively functional candidate allele for studies focusing on variation in GAT-| function in the African-American population.
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Background

y-aminobutyric acid (GABA) is the most ubiquitous
inhibitory neurotransmitter in brain. Abnormal function
of the GABA system has been implicated in almost every
common neurological and psychiatric disorder. Augmen-
tation of brain GABA function is the presumed therapeu-
tic mechanism of several classes of medications, including
the benzodiazepines, gabapentin, and pregabalin, which
are used in treatment of many psychiatric and neurologi-
cal disorders, addictions, and pain [1,2]. Identifying
genetic factors responsible for variation in clinical
response holds promise as a way to improve the clinical
application of these medications; it may be possible to
identify those who are most likely to respond to treatment
and those who ate at risk 1o develop adverse effects. For
these kinds of studies, it will be important to identify pol-
ymorphisms in genes encoding the components of the
brain GABA system. Although the HapMap project {3] will
identify the major basic blocks of linkage disequilibrium
in these genes, detailed patterns of genetic variation,
including the discovery of novel functional variants, can
only be accomplished through resequencing.

A novel class of medications was recently developed that
act by blockade of GABA transporters (GAT), thereby
inhibiting GABA uptake. Four main subtypes of GABA
transporters, the GAT-1, GAT-2, GAT-3 and Betaine/GABA
transporter-1 (BGT-1}, have been identified through
molecular cdoning. The first medication in the GABA
reuptake inhibitor class to become available for clinical
use was tiagabine [(-)-(R)-1-(4,4-Bis(3-methyl-2-
thienyl)3-butenyl) nipecotic acid hydrachloride], which
selectively blocks GAT-1 sites [4}. Tiagabine was devel-
oped for treatment of seizure disorders but is being used
by many psychiatrists to treat a variety of conditions in
which augmentation of brain GABA function is thought to
be desirable to alleviate clinical symptoms. Preliminary
studies suggest that tiagabine is effective in treatment of
anxiety [5], sleep disorders [6], depression [7] and addic-
tions [2,8,9]. Animal studies suggest that most of the tia-
gabine's common adverse effects, such as muscle
twitching and sedation, arise from specific inhibition of
GAT-1 [10]. Tiagabine has a rare, but serious adverse effect
— non-convulsive status epilepticus ~ which has raised
concerns about its off-label use in treatment of psychiatric
disorders [11]. Pharmacogenetic study could plausibly
help to identify those subjects who are at greatest risk for
developing side-effects to tiagabine and other medica-
tions that inhibit GAT-1.

The SLCGAT gene, which encodes the GAT-1 protein, is an
obvious candidate for pharmacogenetic studies of tiagab-
ine and other GAT-1 inhibitors [12]. in anticipation of
larger pharmacogenetic studies, we aimed to identify
novel genetic variation and examine linkage disequilib-

http:fiwww_biomedctentral.com/1471-2156/8/7 1

rium in the SLC6A1 gene in five populations representing
three major continental groups [European (EA and Finn-
ish), African (AA) and Asian (Thai and Hmong)|. Popula-
tions considered isolated, Finnish and Hmong, and two
mixed populations, EA and AA, were examined, to under-
stand how population differences should influence plan-
ning for pharmacogenetic studies. By comparing isolated
and mixed populations, we hoped to shed further light on
the purported benefits of isolated populations in map-
ping complex genetic traits [13,14}. Furthermore, our goal
was to identify a set of haplotype tagging markers for stud-
ies focusing on response to GAT-1 inhibition. However,
very low levels of LD was discovered in SLC6A1 gene sug-
gesting that traditional haplotype-based approaches of
examining this gene in pharmacogenetic studies would be
of limited utility.

Results

Algorithmic promoter prediction

The sequénce for SLC6AL, located in contig NT_022517,
which contains the sequence for human chromosome 3,
was used as a reference. ElDorado software [15] located
two putative SLC6A1 promoter regions in the contig at
positions  10973950-10974553 and  10998399-
10998999 (+ strand}. The first region is located in an area
surrounding the boundary between the 5" region and exon
1 of SLC6A1 and isestimated to be 604 bp long. Hereafter,
we refer to this region as the upper promoter region. The
second putative promoter region of 601 bp was located in
the area flanking the boundary between intron 2 and exon
3. This region extends 70 bp across the SLCGAT start
codon in the 3" direction in exon 3. We refer to this region
as the lower promoter region.

Nucleotide diversity in SLC6A| in five populations

The SLCGA1 promoter regions, 16 exons, and the flanking
intronic regions were amplified and resequenced in 7-9
samples from each of the five populations. A total of 61
SNPs were found in the sequencing screening sample,
including 5 SNPs in the promoter regions, 3 synonymous
coding sequence SNPs, and 53 non-coding region SNPs.
No non-synonymous SNPs were found. The identified
SLCGA1 variants, including frequency in the screening
sample, location, and flanking sequence are provided in
the additional data file 1.

In the screening sample, 33 of the 61 SNPs discovered
(54%) were present in more than one population. More
SNPs unique to a single population or continental group
were found in the AAs than in all of the other populations
combined (counting Finns and EAs, and Thai and
Hmong, together). Sixteen population-specific SNPs were
observed in the AAs, one in the EAs, 6 in the Finnish, 4 in
the Thai, and 2 in the Hmong (see additional data file 1);
i.e., a total of 13 in the populations other than AAs. Three
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common population-specific SNPs were found in AA pop-
ulation (-24794A/G, -24126G/T and 17885 A/C, minor
allele frequencies = 0.39, 0.33 and 0.22} (These estimates
of population allele frequencies have to be interpreted
with caution since the data were derived from sequencing
only 14-18 chromosomes per population). Analysis of
nucleotide diversity based on the sequencing data indi-
cated that AAs had the greatest number of polymorphic
sites (n = 41), highest nucleotide diversity per bp (2.77 x
10) and highest Watterson's estimator of theta (8) (2.55
x 10-%). Inspection of nucteotide diversity in the Hmong,
Finnish, EA, and Thai populations revealed no marked
differences among these four populations (Table 1}. As
expected, nucleotide diversity was lower in exons as com-
. pared to intronic regions {np = 5.5-7.0 x 10, n;p= 1.1-
2.3 x 10%). Interestingly, nucleotide diversity was not
higher in the AAs when exonic sequence only was consid-
ered (mus= 5.9 x 105, 18 = 6.4 x 105, Mgy = 7.1 x 1075,
Tpai = 5-6 % 105, Tyyone = 5.6 x 10-%). The average number
of heterozygous SNPs per person in the approximately
12.4 kb of the SLCGAT sequence was the highest in AAs
(12.22) and was lowest in the Hmong population {3.75).
In Finns, the mean number of heterozygous SNPs was
8.63, in EAs it was 6.57, and in Thai it was 8.38 (Table 1).
The number of heterozygous SNPs differed significantly
by population (ANOVA p < 0.0001). Post hoc comparisons
showed that the Hmong had fewer heterozygous SNPs
than the other populations (each comparison p < 0.009),
with the exception of EAs (p = 0.11). AAs had more heter-
ozygous SNPs than each of the other populations (each
comparison p < 0.032). ’

Novel length polymorphisms in the promoter region

Two novel length polymorphisms were identified in the
upper promoter of SLCGA1. The largest, and perhaps the
more interesting polymorphism, is a 21-bp VNIR poly-
morphism, which is present either as a single element or
as two tandem repeats, hereafter referred to as the SLCGA!
short and SLC6AT long allele, respectively. The more com-
mon SLCG6AT short allele contains an A/G SNP in its 16t
base (-24794 A/G) (Figure 1). In our sample, the A allele
of the -24794 SNP is in perfect linkage disequilibrium
with the long allele, which contains G in its 16% base. In

Table |: Indices of SLC6A[ nucleotide diversity in five populations.
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other words, the A allele always coincides with the long
allele.

A novel two-base-pair deletion {GG/-GG) at positions (-
24780 to -24781) was present in all 5 populations stud-
ied. This polymorphism is located only 8 bp 3" 1o the last
base pair of the short/long polymorphism. The -GG allele
occurs only in the context of the shont allele.

The SLC6A1 shoriflong and GG/-GG polymorphisms
were genotyped in 46 EA, 60 AA, 59 Thai, 47 Finnish and
48 Hmong individuals. The allele frequency of the long
allele was 0.32 in the AA sample but it was not found in
other populations. The GG/-GG polymorphism occurred
in all 5 populations. The -GG allele frequency was 0.30 in
EA, 0.23 in AA, 0.33 in Finnish, 0.22 in Thai and .16 in
Hmong.

Linkage disequilibrium in the SLC8AI gene

For analysis of linkage disequilibrium in SLC6AI, a total
of 16 SNPs were genotyped in the AA, Thai, Hmong, EA,
and Finnish samples. The SNPs were selected with the
goal of encompassing the SLC6A1 gene with SNPs with
allele frequendies > 10% in most populations studied in
order to allow comparison of LD patterns between popu-
lations. Twelve of the 16 SNPs studied met this criterion,
SNP 151710879 was virtually monomorphic in AA popu-
lation. The allele frequencies of all 16 SNPs were in
Hardy-Weinberg equilibrium (HWE). The LD structure of
the SLCGA1 gene, as detected by this set of SNPs, was eval-
uated by calculating D' and r? using the HAPLOVIEW pro-
gram [16]. The LD structure of the SLCGAI gene is
presented in Figure 2. Fragmentation of LD into several
poorly-defined blocks was noted in all 5 populations
studied {Figure 2). There were two short blocks of LD (D'
= 0.8-1) observed in all five populations. The first block
is located between the markers -29477 (Marker 1, Figure
2} and -24321 (Marker 2, Figure 2). The second LD block,
which is located between markers -17590 (Marker 3, Fig-
ure 2) and -9765 (Marker 5, Figure 2}, was also found in
all populations swudied, although the level of LD was
lower in AAs. The third LD block was observed in the EA
and Finnish populations between markers -1529 (Marker
6, Figure 2) and 3164 (Marker 8, Figure 2}.

Populations Number of

Nucleotide diversity per

Watterson's estimator of Mean number of

polymorphic sites bp (r) (104 theta (6) (10-9) heterozygous SNPs
per person
European-American 21 1.72 1.41 6.57
African-American 44 277 255 1222
Finnish 29 211 1.87 8.63
Thai 31 2.14 2,00 8.38
Hmong 24 1.62 1.55 375
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lllustration of the 21 bp insertion/deletion polymorphism (SLC6A[ long and short alleles) and the insertion/deletion GG allele in
the SLC6A] gene. Picture (A) shows position of -24794 A/G SNP, 21 bp insertion and GG deletion. Picture (B) shows the
sequence for the SLC6AI short and long alleles and the -24794 A/G SNP. The A allele of the -24794 always coincided with the

long allele in our populations. Sequence for the GG insertion/deletion polymorphism is presented in picture (C).

In accordance with low levels of LD, Tagger identified few
haplotype tagging SNPs [17]. A SNP tagging approach
would have allowed omission of three SNPs each in the
EA, Finnish, and Thai populations and omission of two
SNPs in the Hmong population. None of the 16 SNPs
examined in the AA population was identified as a haplo-
type tagging SNP. We estimated the span of LD in differ-
ent populations using r?/distance as an index. The index
of LD span was about twofold higher in the Hmong pop-
ulation than in any of the other populations. The differ-
ences were greatest in the distance bins < 10 kb and 30-40
kb, where the median r2/distance value was two-to-three
fold higher in the Hmong than in the other populations

(Figure 3).

Haplotype diversity in SLC6AI

To further elucidate the SLC6A1 haplotype structure, we
used PHASE [18,19] to estimate haplotype frequencies in
the five populations. Consistent with the observation of
low levels of LD, no common SLC6A1 haplotypes span-
ning the entire gene were identified in any of the popula-
tions. Haplotype dispersion varied depending on the

number of SNPs included in the haplotype. When all 16
SNPs were included in the analysis, no common haplo-
types were observed. The most common haplotype had a
frequency of 0.048 in the EA, 0.039 in the AA, 0.076 in the
Finnish, 0.049 in the Thai and 0.097 in the Hmong pop-
ulations. Common haplotypes were observed when the
analysis was restricted to narrower segments of the gene,
i.e., when there were computationally fewer possibilities.
We noted that there were differences between populations
in the composition and number of common SLC6AT hap-
lotypes. To examine this further, we reconstructed each
consecutive three-SNP haplotype in each population
using a sliding window analysis across the panel of 16
SNPs. The four most common three-SNP haplotypes in
each window and in each population were identified. We
then calculated how many times each of the common
three-SNP haplotypes in each window was disjoint (i.e.,
not shared) between the populations. A summary pair-
wise score was calculated for each of the populations,
which is presented in Table 2. For example, of all "top-
four" three-SNP SLC6A1 haplotypes, 26.8% were disjoint
between AAs and EAs.
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Figure 2

lllustration of the SLC6A| LD structure and recombination hotspots in the 5 populations. Upper graphs illustrate elevations
from the background recombination rates across the SLC6A[ gene. Y axis represent recombination rate and X axis represents
physical distance between the markers [19, 20]. In Figure A, recombination rates for HapMap CEPH Western Europeans
(CEU) and European-Americans of the present study are presented. In Figure B, recombination rates for HapMap Yoruban
(YRI) and African-Americans of the present study are presented. In Figure C, recombination rates for HapMap combined Han
Chinese and Japanese populations (HCB+JPT) and the Thais of the present study are presented. In Figures D and E, recombina-
tion rates for the Finns and Hmongs of the present study are presented. In the middle, the exon-intron structure of SLC6A]
and location of the markers is presented. LD (D') between the SNPs in SLCAA| is illustrated in the lower triangular graphs.
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This graph illustrates LD span (expressed as median r2) in dif-
ferent populations. Median rZ calculated for SNP pairs in dif-
ferent distance bins (0.1-10 kb, 10.01-20 kb etc) is
presented.

Recombination hotspots in SLC6AI

We considered recombination hotspots as an explanation
for low level LD in SLCGA1. Recombination rates were cal-
culated for the genotype data using the -MR and -X10
options of the PHASE program [20,21] and genotype data
for all 16 SLC6A1 SNPs. Average recombination rates in
the five populations are shown in Figure 2. These data
show two areas in SLC6A1 with elevated recombination
rates. The first area is demarcated by markers -29477
(Marker 1) and -13071 (Marker 4) and the second one by
markers 7772 (Marker 9) and 20172 (Marker 15), hereaf-
ter referred to as the upper and lower hotspots, respec-
tively. There were population differences in the amplitude
of the hotspots (Figure 2). In the upper hotspot, which is
located in the areas of intron 1 and exon 1, an increase in
the recombination rate was observed in all five popula-
tions. The Hmong and AA populations showed lower rate
and width of the lower hotspot, located in the area

Table 2: A summary pairwise percentage score representing the
degree to which the four most common haplotypes were disjoint
between the five populations.

E
A 268
F l6.1 268
il 127 236 16.3
H 26.8 232 303 179
E A F T H

E = European-American, A = African-American, F = Finnish, T = Thai,
H = Hmong. For example, of all consecutive "top-four” 3-SNP SLC6A|
haplotypes, 26.8 % were disjoint between African-Americans and

European-Americans.
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between exon 8 and 16, than did the EAs, Finns or Thai
(Figure 2). To further elucidate these findings, we ana-
lyzed SLC6A1 genotypes available through HapMap using
PHASE, as described above. Genotyping data for the com-
bined group of Japanese and Han Chinese, Yoruba, and
Western Europeans were analyzed and compared to our
results. We compared genotype data from our 16 SNPs
and genotype data from 27-31 SNPs in HapMap. Two sets
of SNPs, our and the HapMap SNPs, are not exactly the
same but they are all located within the SLC6A1 gene (one
dot on X-axis in Figure 2 represents one SNP). It appears
that genotype data from the two samples (the present
study and HapMap) are consistent, both showing evi-
dence for two areas of increase in recombination rate
within SLC6A1. These results support our findings (Figure
2) regarding two recombination hotspots in SLC6AT.

Discussion

The goal of the present study was to comprehensively ana-
lyze sequence variation and linkage disequilibrium in the
SLCG6A1 gene in anticipation of larger pharmacogenetic
studies of tiagabine and other GAT-1 inhibitors. Rese-
quencing 12.4 kb of the SLC6A1 gene, including all 16
exons and the two putative promoter regions, revealed
numerous novel genetic variants. Perhaps the most inter-
esting polymorphism identified was a 21 bp VNTR poly-
morphism located in the upper promoter sequence of the
SLCG6A1 gene (Figure 1). We have termed the alleles as the
*SLC6A1 short," which has one copy of the allele and
"SLC6A1 long" in which the allele is duplicated (Figure
1). Interestingly, the long allele was common in AAs
(39%), while in the other populations, it was absent. A
likely explanation for the lack of this allele in non-African
populations is genetic drift. However, other explanations,
such as natural selections, are also possible. Functional
studies focusing on understanding whether the short and
long allele lead to differential expression of the GAT-1
protein are clearly warranted; these studies may also help
in elucidating whether the allele frequency discrepancy
between African-Americans and other populations is due
to genetic drift or selection. Previously, a comparable pro-
moter region VNTR polymorphism was described in the
serotonin transporter gene, which is known to influence
the expression of the gene [22]|. Several studies have
shown that this polymorphism partially accounts for dif-
ferences in the therapeutic response to serotonin selective
reuptake inhibitors (SSRIs) [23-26], susceptibility to
depression [27,28] and alcohol dependence [29]. The
SLCGA1 short/long is a candidate polymorphism for
moderating the response to tiagabine and susceptibility to
neuropsychiatric disorders in which GABA dysfunction
may play a role, albeit only in AA populations (and any
other populations where this variant is present).
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Genetic diversity in SLC6A] revealed through SLC6AT
resequencing showed interesting results. Although a lim-
ited number of chromosomes was examined, certain
trends were found. First, no non-synonymous SNPs were
discovered in the 80 chromosomes sequenced, suggesting
that the coding sequence of SLC6AT has been conserved
against common amino-acid altering substitutions
through active background selection. Consistent with
these results, the nudeotide diversity was much lower in
the SLCGAT exons compared to the intronic regions exam-
ined |30-32]. Comparison of the sequence data between
populations revealed higher nudeotide diversity in AAs
than in other populations (Table 1). In accordance with
these data, the only population in which we found com-
mon population specific SNPs, were AAs. In exons, how-
ever, nucleotide diversity was no higher in the AA
population than in the other populations. In other popu-
lations, the SNPs observed in only one population were
rarer. Although Finns and Hmong are considered to be
isolated populations, nudieotide diversity in these two
populations was not different from that observed in EAs
or Thais. Overall, no major differences in nucleotide
diversity were observed among the Hmong, Thai, EA, and
Finnish populations. Together, these findings most likely
reflect the older age of the African population relative to
the other populations, which had allowed more intronic
variation to accumulate in this population, founder
effects in non-African populations, and selection pressure
conserving the SLC6A1 exonic sequence. The extent of
conservation of GAT-1 amino acid sequence suggests an
important role of this protein in normal brain function.
The Hmong had a significantly lower number of hetero-
zygous SNPs in comparison to the other populations. One
explanation for this finding is that the Hmong subjects
may have been distantly related. We postulate that differ-
ences in the degree and age of population bottlenecks
between the Hmong and the other populations are less
likely explanations for the lower heterozygosity observed
in the Hmong, we feel that this explanation is less likely
because all non-African populations had a low observed
frequency of population-specific SNPs and because
Hmong nucleotide diversity was not significantly lower
than that of the other non-African populations [33]. A
caveat of this study is that the sample size per ethnicity
was small. Consequently, rare nen-synonymous SNPs,
specific to a population, would have not been identified.
It may be useful to resequence larger samples to identify
these kinds of variations, at least in the primary target
populations of clinical trials. Laboratory methods estab-
Jished for the present study should facilitate such analy-
ses. Another limitation of the study is that the
resequencing effort focused on exons. If deep intronic var-
iation in SLC6AT contributes to functional variation at the
protein level, those variants would have been missed in
the present study. A low level of LD in SLC6AI was

http:/fwww.biomedcentral.com/1471-2156/8/71

observed in all five populations (Figure 2}. Consistent
with these results, in the EA, Thai, Hmong, and Finnish
populations, only two or three haplotype tagging SNPs in
the areas of preserved LD were identified. In the AAs, no
haplotype tagging SNPs were found in the 16 SNPs geno-
typed. These results suggest that very dense SN panels
would be required to capture common variation in this
gene. Using r2/distance as the index, a longer LD span was
observed in the Hmong population than in the other pop-
ulations (Figure 3). However, higher LD probably would
not translate to significant practical improvement in gen-
otyping efficiency overall, because there were no major
differences in the number of haplotype blocks in Hmoung
than in the Finnish, Thai and EA populations. Consider-
ing the low level of LD, SLC6A1 may pose special chal-
lenges for association studies both in isolated and mixed
populations. The common SLC6A1 3-SNP haplotypes
were largely the same in the five populations (Table 2),
but were not completely overlapping. These results sug-
gest a certain degree of, but not absolute, porntability of
SNP genotyping sets between the populations. It would
interesting to study larger EA, AA, Hmong, Thai and Finn-
ish population samples to further refine the structure and
frequencies of the common overlapping and population-
specific haplotypes [34]. In addition, it will be interesting
to study whether haplotype and SNP profile characteris-
tics, such as absence of commeon non-synonymous substi-
tutions extends to patient populations suffering from
various neuropsychiatric disorders, which were not stud-
ied here. The present study primarily focused on non-clin-
ical samples and therefore no data_were available to
assesses whether disease associated variants are present in
human populations.

Intrigued by these findings, we examined whether recom-
bination hotspots could explain low levels of LD in
SLCGA1. Two hotspots were identified using PHASE; the
first is located in the areas of exon 1 and intron 1. The sec-
ond hotspot is located in the area demarcated by exons 8
and 16. As expected, within the hotspots, D' fell off rap-
idly. For example, in the Finns, in the area of the distal
hotspot, D' was only 00.184 between markers 12 and 13,
which are spaced 107 bp apart and D' was 0.044 between
13 and 14, which are spaced 489 bp apart. Areas of high
recombination, such as seen in SLCGA], potentially limit
large-scale association studies, as it would be exception-
ally difficult to find risk alleles relying on linkage disequi-
librium if the alleles were located inside a recombination
hotspot.

Conclusion

SLCGA1 is a complicated target for pharmacogenetic stud-
ies because low levels of LD and recombination hotspots
would make it difficult to establish an association
between genetic markers and response to GAT-1 modula-
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tion. Furthermore, our study suggests that focusing on iso-
lated populations, such as Finns or Hmoeng, would not
provide major benefits to genotyping efficacy of SLC6AL.
An interesting 21-bp VNTR polymorphisms (SLC6A!
short and SLCGAI long) was discovered in the promoter
sequence of the SLCGAI gene, which is common in Afri-
can-Americans. This new polymorphism is a novel candi-
date for studies focusing on genetically influenced
differences in GAT-1 expression, and hence, response to
medications that inhibit GAT-1 function.

Methods

DNA samples

For re-sequencing of the SLC6A1 gene, 40 genomic DNA
samples were collected from unrelated individuals repre-
senting 5 different populations: EA (n = 7), AA {n = 9),
Finnish (n = 8), Thai (n = 8), and Hmong (n = 8). The
Finnish subjects were unrelated parents of adolescent sub-
jects who were participating in an epidemiological study
focusing on the identification of risk factors for early-
onset mental illness and substance dependence in Finland
[35]. The Thai and Hmong populations were collected in
Thailand as part of an ongoing genetic association and
population genetic study. The Thais selected for rese-
quencing had grandparents and parents of Thai ancestry
(Thai-Thai) er had mixed Thai and Chinese ancestry
(Thai-Chinese), by subject report. These samples were
obtained from a blood drive in Bangkok, Thailand. The
Hmong subjects were recruited in a Hmong village in the
northern part of Thailand. The AA and EA samples have
been described earlier elsewhere [36]. Both EA and AA
samples were self-identified and confirmed as such by
Bayesian marker clustering [36]. All subjects provided
informed consent as approved by the appropriate institu-
tional review boards. In addition, 46 EA, 60 AA, 59 Thai,
47 Finnish and 48 Hmong individuals were genotyped for
16 SLCG6AT SNPs to examine linkage disequilibrium (LD)
in this gene. The Thai subjects selected for examination of
linkage disequilibrium were Thai-Thai. Recruitment and
population characteristics of subjects selected for SLC6A1
genotyping were identical of subjects selected for rese-
quencing [35,36]. The participants were recruited from
non-clinical populations. No detailed medical informa-
tion was available for most of the participants. Therefore
biases deriving from undetected medical conditions of the
contro] sample could not be controlled. All studies
described in this article were conducted according to the
Declaration of Helsinki. The studies were approved by the
institutional review boards of Yale University School of
Medicine, West Haven VA Hospital, Northern- Ostroboth-
nia Hospital District (University of Oulu, Finland) and
Chulalongkom University (Bangkok, Thailand). All sub-
jects signed a written informed consent for participation
in this study.

http:/fiwww.biomedcentral.com/1471-2156/8/7 1

Promoter prediction

The ElDorado program of the Genomatix software pack-
age was used to predict the location of the SLC6A1 pro-
moter region [15]. The sequence of the SLCGAL gene
submitted to the promoter region analysis was obtained
from the National Center for Biotechnology Information
(NCBY) [37].

Amplification and sequencing

For sequencing of SLC6A1, the upper and lower promoter
regions, all 16 SLC6A1 exons (total of 4.4 kb) and 7.3 kb
of flanking intronic regions were amplified. About 70 bp
of the predicted 601 bp of the lower promoter region were
not included in the sequence analysis. Approximately
12.4 kb of the SLC6A1 gene was amplified, corresponding
to about 25% of the total length of the gene. All primers
were designed with the PRIMER3 software [38]. Primers
were obtained from Invitrogen (Carlsbad, CA). PCR
amplification was optimized before sequencing by testing
different cycling conditions. Betaine (Sigma Aldrich, St
Louis, MO) at 0.5~1 M final concentrations was added to
the reactions, as needed, to enhance specificity and yield
of PCR amplification. PCR reactions were carned out in
15 ul volumes containing 20 ng genomic DNA, 200 uM of
dNTPs mix (Stratagene, la Jolla, CA), 1 pM of mixed
primers forward and reverse, 1X PC2 buffer, 0.75 U of
KlenTaql™ (Ab Peptides, St Louis, MO) and 0.5-1 M
betaine when needed. Thermocyding conditions con-
sisted of an initial denaturation step at 95°C for 5 min, 30
cycles of denaturation step at 95°C for 30 sec, an anneal-
ing step at 60-65°C 30 sec, and an extension step at 72°C.
The duration of the extension step varied from 30 sec to 2
min depending on the length of the amplicon. After opti-
mization, genomic DNA samples from each population
were PCR amplified followed by purification with MinE-
lute PCR purification columns (Qiagen, Valencia, CA) or
the reaction mixtures were treated with ExoSAP-IT (USB,
Cleveland, OH) to remove excess nucleotides and prim-
ers. Purified PCR samples were sequenced in the forward
and reverse directions at Yale University W.M Keck Foun-
dation Biotechnology Resource Laboratory. Sequencing
reactions were conducted using the BigDye Terminator
v3.1 cycle sequencing kit and an ABI 9800 Thermocycler
(Applied Biosystem, Toster city, CA). Sequencing reac-
tions were analyzed on an ABI 3730 xI DNA Analyzer
(Applied Biosystems, Foster city, CA}. Owing to technical
problems, approximately 300 bp in exon 7 and intron 8
(2.4% from total 12.4 kb sequenced region) is missing in
the sequencing data in Thai and Hmong populations (see
additional data file 1).

Owing to the repeat elements contained in the identified
upper promoter sequence and homologous sequences
within the SLC6A1, the upper promoter region and parts
of exon 1 were amplified using nested PCR. In addition,
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for amplification of a 180 bp fragment located in the junc-
tion of the 5' upstream region and exon 1, a region which
is very high in CG content, 7-deaza-dGTP (New England
BioLabs, Beverly, MA) was added to the reactions.

Genotyping and linkage disequilibrium study

A total of 16 SNPs were chasen for genotyping in popula-
tion samples to examine haplotype structure of the
SLC6A1 gene. Nine SNPs chosen for genotyping were
identified through resequencing: -24321A/C, -1529A/G,
949A/G, 3164C/T, 14351A/G, 16009A/G, 16116C/T,
20172C/T and 20622A/G. The remaining seven SNDs, -
29477C/T, -17590C/T, -13071A/G, -9765C/(T, 7772A/G,
13269C/T, and 16605C/T, were chosen from the NCBI
dbSNP [39] collection. Of the 16 SNPs studied, 14 were
available through Applied-Biosystem's  Assay-On-
Demand service (Applied Biosystems, Foster city, CA).
One assay was custom designed and obtained through the
ABI's Assay-by-Design service (Applied Biosystems, Foster
city, CA). PCR amplification of the 5' nuclease assays were
conducted using 1 ng of BNA, 1X TagMan universal PCR
master mix {Applied Biosystems, Foster city, CA), 0.5X
SNP genotyping assay mix [Applied Riosystemns, Foster
city, CA]. PCR conditions were as follows: denaturation
step of 95°C for 10 min, followed by 50 cycles of 95°C for
15 sec and 60°C for 1 min. Amplification was performed
on PTC-200 cyclers {M] Research, Hercules, CA) and data
were analyzed using the ABI Prism 7900HT Sequence
Detector System and software version 2.1 {Applied Biosys-
tem, Foster city, CA). All samples were run in duplicate for
quality control purposes. Based on comparison of the
duplicate runs, we estimated the genotyping error rate to
be less than 0.05%. The -24321A/C SNP was genotyped
using 7-deaza-dGTP sequencing because its location
inside a GC-rich region made it very difficult to designa 5'
nuclease assay for this SNP.

Genotyping of the length pofymorphisms

Amplification of the region containing the 21 bp short/
long VNTR and 2 bp GG/-GG insertion/deletion polymot-
phisms was accomplished using primers 5'AAGGAGAGA-
GATTGCAGCG 3' and 5'CTTCTTTCCTCICGCATTC 3
(Invitrogen, Carlsbad, CA). PCR reactions were conducted
in 15 pl volumes containing 20 ng genomic DNA, 200 pM
of dNTPs mix {Stratagene, La Jolla, CA), 1 uM of mixed
reverse and forward primers, 1X PC2 buffer, 0.75 U of
KlenTaq1™ {Ab Peptides, St Louis, MO) and 1 M Betaine.
The thermocycling conditions consisted of an initial step
at 95°C for 5 min, 30 cycles of denaturation at 95°C for
3( sec, annealing 60°C 30 sec, and extension 72°C 30 sec.
The lengths of the PCR products corresponding to the
long and short alleles are 166 bp and 145 bp. The long
and short alleles were separated using 3% metaphore aga-
rose and gel electrophoresis (ISC BioExpress, Kaysville,
UT). The GG/-GG insertion/deletion polymorphism was
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genotyped using direct sequencing of the PCR product as
described in above.

Statistical analysis

Indices of sequence variation in SLC6A1 were calculated
using a web application SLIDER [40] These indices
included the number of polymorphic sites, nucleotide
diversity per base pair {n) and the Watterson's estimator
of theta (8). Nucleotide diversity per base pair ()
describes the mean number of differences per site between
two sequences chosen at random from a sample of
sequences. The Watterson's estimator of theta (0) is the
observed number of SNPs adjusted for the sample size
and new multation rate expected to occur in each genera-
tion [41]. In addition, for each subject we calculated the
number of heterozygous SNPs observed in the sequence
data. The number of heterozygous SNPs was compared
between populations using ANOVA followed by post hoc
Fisher's Least Significant Difference-test.

PHASE software, which implements a Bayesian algorithm
for haplotype reconstruction, was used to estimate haplo-
type frequencies [18,19]. PHASE's options -X10 and -MR
were used to estimate recombination rates across SLC6AT
[20,21]. The value on the Y-axis of Figure 2 shows changes
in recombination parameter (p} per base pair of SLC6A1
exceeding the background recombination rate [20.21].
The average recombination rate was estilnated based on
1,000 burn-ins and 1,000 iterations. Recombination fre-
quencies at SLC6A1 were compared visually between our
and HapMap data. No statistical analyses were performed.
To evaluate haplotype diversity among populations, we
studied how often the most common haplotypes were
shared or disjoint. The haplotypes were identified using a
sliding window analysis across every three consecutive
SLC6A1 SNPs. The four most common three-SNP haplo-
types in each window and in each population were iden-
tified. The rationale for choosing the four most common
haplotypes for this analysis was that visual inspection of
the haplotype frequendes told us that in each window
and in each population virtually all variation in haplotype
diversity was captured by the four most common haplo-
types. The average percent of all haplotypes captured by
the top four haplotypes was 96%. We then calculated how
many times each of the common three-SNP haplotype
was disjoint between the populations. A summary pair-
wise score derived for the populations is presented in
Table 2.

LD patterns in SLLCGA1 were visualized using HAPLOV-
IEW version 3.2[16] We used the Tagger algorithm, imple-
mented in HAPLOVIEW, to search for haplotype tagging
SNPs in SLCGA1. [17] We used the default Tagger thresh-
olds 2 > 0.8 and LOD score > 3. POWERMARKER [42]
was used to calculate allele frequendies and examination
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of Hardy-Weinberg equilibrium (HWE). To illustrate dif-
ferences in the span of LD in the five populations, rZ was
plotted against physical distance. To do this, 12 was calcu-
lated for all SNP pairs. Because these values were not nor-
mally distributed, median values are presented. Physical
distance (bp) was divided into distance bins to illustrate
population differences in LD span across a range of phys-
ical distances. Median 2 in distance bins (0.1-10 kb,
10.01-20 kb etc) in different populations is presented in
Figure 3. No statistical analyses were performed on these
data. Software CENSOR was used to search for repeat ele-
ments within the recombination hotspots [43,44].

Abhreviations
GABA y-aminobutyric acid

GAT GABA transporter
BGT-1 betaine/GABA transporter-1

SLCGA1 solute carrier family 6 (neurotransmitter trans-
porter, GABA), member 1

LD linkage disequilibrium

SNPs single nucleotide polymorphisms

ANQVA analysis of variance

-MR recombination model

-X10 run 10 times

7 nucleotide diversity

0 Watterson's estimator of zeta

EA European-American

AA African-American

HWE Hardy-Weinberg equilibrium

LOD log of the likelihood odds ratio
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Abstract

Recent reports have suggested influences of racial difference on the frequency of mutation of EGFR in lung cancer.
We therefore sought to characterize the frequency and pattern of mutation of EGFR in lung adenocarcinoma in Thai patients.
Qverall, EGFR catalytic domain mutations were detected in 35/61 (57.4%). We found 29/60 (48.3%) of ¢xon 19 deletions, 5/54
(9.3%) of exon 21 point mutations, and 1/54 (1.9%) of double-mutation of both exons. The presence of these mutations was
significantly associated with non-smoking habit. In summary, we report a strikingly high prevalence of mutation of EGFR in
Thai Iung adenocarcinoma, which may explain the high response rate to the treatment with TKI among Asian populations.

© 2005 Published by Elsevier Ireland Ltd.

Keywords: EGFR; Adenocarcinoma; Lung cancer; Mutation; Tyrosine kinase inhibitor; Gefitinib

1. Introduction

EGFR is an important membrane receptor protein,
which plays crucial roles in multiple cellular

Abbreviations used EGFR, epidermal growth factor receptor,
NSCLC, non small cell lung cancer, TKI, tyrosine kinase inhibitor,
bp, base pair.

* Comresponding author. Tel.: +662 256 4533; fax: +662 256
4534,
E-mail address: virote.s@chula.ac.th (V. Sriuranpong).

functions. Binding of one of its ligands to the
extracellular domain leads to phosphorylation and
activation of EGFR. Activated EGFR then conveys
signals to the downstream targets, which participate in
multiple cellular processes involving cell prolifer-
ation, differentiation, migration, and survival [1].
Deregulation of EGFR signaling either by over-
expression or amplification of the EGFR has been
described in many cancers. This supports the idea that
the functions of EGFR are critical to abnormal tumor
growth and metastasis [2,3]. Also in line with these

0304-3835/§ - see front matter © 2005 Published by Elsevier Ireland Lid.
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notions, recent developments of molecularly targeted
therapy for cancer have been focusing on blocking
critical molecules that determine malignant pheno-
types in EGFR pathways in many types of malignancy
that are difficult to be treated, including non-smail cell
long cancer (NSCLC) [4]. Several reports indicate
that NSCLC utilizes EGFR pathways, which could be
demonstrated either by over-expression or amplifi-
cation, detected in more than 80% of the tumors [5].
Two recent multi-institutional phase 11 trials showed
certain clinical benefits but only in a small number of
advanced and chemotherapy refractory NSCLC
patients who were treated with a tyrosine kinase
chemical inhibitor (TKI), gefitinib [6,7]. The objec-
tive response rates in these studies were differentially
demonstrated in NSCLC according to their ethnicity,
namely, 9-12% in Caucasian [6] versus 18.4-19.0%
in Japanese patients [7]. Additional experiences with
currently available TKls, gefitinib and erlotinib,
consistently show an association between the
responses and certain clinical parameters like the
female gender, adenocarcinoma, and non-smoking
habit [8—-11}. However, molecular predictors of the
response are needed for better clinical guidance and
insight in the biology of this highly malignant
neoplasm related to the response to TKIs.

Several attempts to identify other poteniial
predictor of the response like the expression pattern
of EGFR did not clearly demonstrate a significant
correlation between EGFR expression and the
response to treatment with TKIs [12,13]. Recently, a
few studies have identified a convincing molecular
marker that predicts the response to TKIs of NSCLC,
the mutation of the EGFR catalytic domain [14-16].
With systematic mutation analyses, the majority of
mutations were detected cxclusively within the
tyrosine kinase domain of EGFR encoded in exon
18 to 21 and only in lung adenocarcinoma. Charac-
teristically, 88% of the reported mutations are in-
frame deletions of exon 19 and point mutations of
exon 21, which lead to functioning mutated EGFR
proteins [16]. Almost all patients who showed the
responses to TKI harbored EGFR mutations in the
tumor cells whereas mutations were rarcly detected in
known TKI resistant patients. The prevalence of
mutations coincided well to the described clinical
predictors of the response to TKls including racial
background, the female gender, adenocarcinoma, and

non-smoking habit [14,15}. The higher number of
Japanese patients who governed mutations of EGFR
in these studies raises an important question: whether
or not NSCLC patients with Asian ethnicity follow a
similar pattern and prevalence of EGFR mutation.
Our experience with a compassionate expanded
access program of gefitinib treatment in Thailand
showed an overall objective response rate of 20%
reminiscent to those of Japanese patients (N.V. and
P.L. unpublished observations). The data prompted us
to investigate the prevalence and pattern of EGFR
matation in Thai NSCLC patients. Hence, we chose to
screen for exon 19 and exon 21 mutation of EGFR in
lung adenocarcinoma patients according to the
previous findings that indicated clustering of
mutatiens in these specific regions of the EGFR
gene and the tumor histology. In principle, the
association between the EGFR mutations and the
clinical response were demonstrated in a limited set of
patients previously treated with gefitinib with known
responses. We observed a strikingly high rate of
mutations in our patients. In addition, a new pattern of
exon 19 mutation, 9-base deletion, and double
mutations of both exons were detected in our study.

2. Materials and methods
2.1 NSCLC tissue sample

The samples were paraffin-embedded tissue samples
of lung adenocarcinomas taken from the archieve of the
Department of Pathology, Faculty of Medicine, Chula-
longkom University, Thailand. The study was approved
by the Ethics Committee of the Faculty of Medicine,
Chulalongkorn University, All samples were reviewed
and marked by a pathologist (C.C.) for an area,
approximately 3—8 mm at the greatest diameter which
contained more than 70% of the tumor cells. The first
panel comprised of five samples with prior treatment
with gefitinib and known response. Additional 56
samples were screened for the mutation of EGFR gene.

2.2. Mutation analysis
Tumor samples were mapped with hematoxylin-

eosin sections, manually microdissected with needle,
and subjected to DNA isolation as previously
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described [17). Isolated DNAs were PCR amplified
for the coding regions of EGFR exon 19 and exon 21,
Primers for exon 19 amplification are: 5’ tggatccca-
gaaggtgagaaag and 3’ gcaaagcagaaactcacatcgag; and
exon 21 are: 5’ cgtactggtgaaaacaccge and 3’ cctt-
actttgectecttetge. For exon 21, we used an additional
5' nested primer of which the sequence is tggtgaaaa-
caccgcagcatg to enhance the efficiency of the
amplification. PCR products were then electrophor-
esed in 12% native polyacrylamide gel in Tris-borate-
EDTA buffer and visualized for positive PCR
products. We submitted the positive PCR products
to the Bioservice Unit, National Institute of Biotech-
nology, Bangkok, Thailand for direct sequencing of
both exons. Both PCR and sequencing were indivi-
dually repeated to confirm the presence of the
mutation.

2.3. Statistical analysis

Statistical analyses were performed with SPSS
software using binary logistic regression analysis. The
dependent variable was either the presence or the
absence of mutation. Individual variables were ana-
lyzed with both univariate and multivariate methods.

3. Results and discussions

Recent studies indicated that the majority of the
mutations of EGFR in NSCLC cluster in exon 19 and
exon 21 were within the catalytic domain which is
encoded from exon 18 to exon 21 [14-16]. Based on
these results, we then concentrated on analyzing
mutation within the common regions for mutation,
exon 19 and 21. We first confirmed the association
between the response to gefitinib treatment and the
mutations of the EGFR catalytic domain in our lung
cancer population. Genomic DNA isolated from tissue
samples of a small panel of lung adenocarcinomas
consisting of three patients who displayed objective
responses to gefitinib and two patients who showed
resistance to their treatment. Initially, we amplified
exon 19 from isolated genomic DNA and then
electrophoresed the PCR products in polyacrylamide
gel to screen for deletions. Under gel visualization, we
could detect smaller amplicons, which represented
amplified deleted exon 19 in conjunction with the

expected size of wild type amplicon EGFR exon 19 in
all three tumor tissues derived from gefitinib
responders. In contrast, the two non responders
showed only amplicons of wild type of EGFR
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Fig. 1. Mutation analysis of EGFR in lung adenocarcinoma. (A) A
typical example of gel electrophoresis shows amplicons from exon
19 PCR. We used 12% native polyacrylamide gel for electrophor-
eses. Wild type exon 19 bands are illustrated across all samples,
which serve as internal positive control for PCR (dark arrow head).
Faster migrate bands as approximately 15-bp deletion amplicons are
shown in lane 5, 7, 8, and 9 (gray arrow head). A 9-bp deletion
amplicon is detected in lane 1 sample (arrow line). Lane M is DNA
ladder. Lane 6 is water serving, a negative control for PCR. (B)
Chromatograms of DNA sequencing demonstrate different types of
EGFR mutations. The upper right panel is an example of exon 19
del 2481-2495. The upper left panel shows exon 19 del 2482-2496.
The lower right panel is exon 19 del 2484-2492. The lower left
panel is exon 21 point mutation at 2189 T>G, indicated with an
asterisk. The upper DNA sequences in each panel demonstrate the
mutated sequence where underlined portions are the frame-shifted
segments. The lower annotated sequences are of wild type. (C)
Aligned wild type and mutated DNA sequences of exon 19 for
comparison are demonstrated. Amino acid sequence of a wild type
EGFR is on the top showing the critical region of deletion, which
spans the common LRE amino acid sequences (For interpretation of
the reference to colour in this legend, the reader is referred to the
web version of this article).
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Table 1

Frequency and pattern of EGFR muiation in lung adenocarcinoma

Type of mutation Frequency (%) Cumulative
percent (%)

Exon 1% del 2481-2495 21 (34.4) 34.4

Exon 19 del 2482-2496 5(8.2) 42.6

Exon 19 del 2484-2492 2(33) 45.9

Exon 19 del 2181-2489 1{1.6) 475

Exon 21 2189 T>G 5(8.2) 55.7

Exon 19 del 2481-2495/Exon 1(1.6) 574

212189 T>G

WT 26 (42.6) 100

Total 61 (100)

(Fig. 1(A)). Direct sequencing from all three samples
revealed a similar 15 bp deletion of nucleotide 2481-
2495 (reference nucleotide sequence is from Genbank
NM_005228). All amplified exon 21 from this set of
tissue showed no mutation. Consistent with other
reports, at least it appears that the presence of exon 19
deletions correlates well with the response to gefitinib
treatment [14—16]. We then screened additional 56
lung adenocarcinomas under the same approach.
Presence of exon 19 deletions was screened initially
by visualizing the smaller mutated amplicons and then
confirmed by direct sequencing and characterizing the
breakpoint location. All samples were analyzed for
exon 21 mutations by direct sequencing. Overall
yields of the detection were excellent and suitable for
formalin fixed paraffin embedded tissue. We could
amplify exon 19 successfully: 60/61 (98.4%) samples
and 54/61(88.5%) for those of exon 21. In the second
set of patients without prior gefilimib treatment, we
detected 33/56 (58.9%) mutations which were 23/55
{41.8%) of exon 19 deletions, 6/49 (12.2%) exon 21
point mutations, and 1/56 (1.8%) dual excn 19
deletion and exon 21 point mutation. The spectrum
of exon 19 deletions consisted of three patterns. The
deletion of nucleotide 24812495 which caused an in-
frame deletion resulting in the loss of amino acid
E746-A750 which could be identified in 22/30
(73.3%) (Fig. 1(B) and Table 1). The second most
common pattern was the deletion of nucleotide 2482—
2496, 5/30 (16.7%), which resulted in a similar E746—
A750 deletion (Fig. 1(B,C), and Table 1). We found
two patterns of 9 bp deletion of exon 19, nucleotide
2484-2492 deletion in 2/30 (6.7%) and nucleotide
24812489 deletion in 1/30 (3.3%) (Fig. 1(B,C), and

Table 1). We found exon 21 nucleotide 2819 T>G
point mutations resulting in L858R amino acid change
in 3/49 (10.2%). Moreover, we detected one dual-
mutation of the exon 19 nucleotide 2481-2495
deletion in a combination with the exon 21 L858R
point mutation (Fig. 1(B) and Table 1). Overall, we
describe a very high frequency of EGFR catalytic
domain mutation in lung adenocarcinoma in Thai
patients. In our studied population, the exon 19
deletions resulting in the loss of E746—-A750 amino
acids are the most common pattern of mutation which
is similar to the previous reports in the Caucasian and
the Japanesc populations [14-16]. These findings thus
raise a practical approach for mutation analysis in our
populations that have high prevalence of exon 19
deletions. Screening for exon 19 deletion by dis-
tinguishing smalter PCR amplicon size before direct
sequencing may be a suitable approach in our country
which has limited resources. Additionally, we
describe a few new patterns of EGFR somatic
mutations including 9-bp in-frame deletions of exon
19 and dual mutations of both exon 19 and exon 21.
These findings further support the previous notions of
high variability of EGFR mutation patterns.

Early clinical trials with gefitinib in NSCLC
described clinical predictors of response including
the female gender, adenocarcinoma with bronchio-
loalveolar feature, non-smoking habit, and the
Japanese ethnicity [6,7]. We further analyzed clinical
characteristics of our patients to correlate these
clinical parameters and the status of EGFR mutation.
Under binary logistic regression univariate analysis,
the only clinical parameter showing statistical
significance was never less than 10 packs of whole-
life smoking (P=0.022) (Table 2). Other factors
considered in the univariate analysis including
gender, age, stage, presence of nodal metastasis,
presence of distant metastasis, and the amount of
bronchioloalveolar carcinoma within tumor did not
reveal any association to the mutation status. The
significance of negative correlation between the
smoking history and EGFR mutation persisted under
multivariate analyses including all variables (P=
0.024) except the gender. The influence of the gender
may be partly explained by the rarity of smokers
among our female patients, one out of 21 (4.8%). The
above data suggest an alternate, yet unknown,
etiology other than cigarette smoking in the
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Table 2
EGFR mutation status correlates with clinical parameters
Mutation P valye*
No Yes

Sex 0.112
Male 19 18
Female 7 16

Smoking 0.022
< 10 packs 4 18
> 10 pack 12 11

Stage 0.438
1 5 8
I1 3 7
I 5 7
v 4 5

Nodal metastasis 0.432
No 7 10
Yes 12 15

Extrathoracic metastasis 0.336
No 13 22
Yes 4 3

*P value bases on univariate binary logistic regression analysis.

pathogenesis of many lung adenocarcinomas. In this
regard, several reports have demonstrated the effects
of smoking to lung cancer especially a strong
association of K-ras mutations, a downstream target
of the EGFR signaling pathway, with lung cancer
patients who had smoking history [18-20]. We
hypothesize that activated K-ras mutation would
bypass the necessity of the presence of EGFR
mutation. It is interesting to note that a recent study
that analyzed EGFR mutations in Taiwan NSCLC did
not reveal any similar negative association to the
smoking history [21]. This discrepancy may arise
from different pattern of mutations detected, higher
rate of exon 21 point mutation in Taiwan, or sampling
bias. Further investigations are needed to elucidate the
exact relationship between cigarette smoking, the
pattern of EGFR and K-ras mutation, and the response
1o TKIs.

Through our approach and population, the actual
prevalence of EGFR mutation in adenocarcinoma
would be underestimated since we characterized onty
the hotspot areas of mutation, exon 19 and exon 21.
However, these mutation patterns have been reported
to be tightly correlated with the response to gefitinib
or erlotinib. Our patients who had known response

to gefitinib revealed a similar assocjation to
the mutation status. Additionally, three patients
who were known carriers of exon 19 deletions in
turmnor from our analysis showed objective responses
to the subsequent treatment with gefitinib. Uncom-
mon or different pattern of mutations beyond the
critical regions, L745-A748 deletion of exenl9 and
exon 21 L858R point mutations, have been identified
in exon 18 and exon 20 or other regions of exon 19
and exon 21. The relationship between these
uncommon mutation patterns to the sensitivity to
TKI treatment is less well characterized. A very high
frequency of EGFR mutations at the critical regions
in our current study thus supported the better clinical
outcomes with TKI treatment in Asian NSCLC
patients, which are consistent with other recent
reports from the Japanese and Taiwanese populations
[15,21]. Furthermore, the significant association
between EGFR mutation to non-smokers and Asian
ethnicity suggests a unique biclogy of NSCLC
adenocarcinoma in this population against other
types of NSCLC, which display less sensitivity to
TKI, 1t will be important to characterize this unique
adenocarcinoma further in separation from other
types of NSCLC in the future.

In summary, we reporl a very high frequency of
EGFR mutation in lung adenocarcinoma in Thailand.
The presence of the mutation displays a tight
association with the response to TKI treatment in
NSCLC and with non-smokers. Qur data corroborate
the presence of the unique NSCLC in Asian
populations and explains the higher response rate to
TKI found in Asian lung adenocarcinoma.
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Abstract

Background: The aim of this study was to evaluate epigenetic status of cydin A1 in hurman papillomavirus-
assaciated cervical cancer, Y. Tokumaru et al.,, Cancer Res 64, 5982-7 (Sep |, 2004)demanstrated in head
and neck squamous-cell cancer an inverse correlation between ¢ycfin Al promoter hypermethylation and
TP53 mutation. Human papillomavirus-associated cervical cancer, hawever, is deprived of TP53 funcdon
by a different mechanism. Therefore, it was of interest to investigate the epigenetic alterations during
multistep cervical cancer development.

Methods: In this study, we performed duplex methylation-specific PCR and reverse transcriptase PCR on
several cervical cancer cell lines and microdissected cervical cancers. Furthermore, the incidence of cyctin
Al methylation was studied in 43 samples of white blood cells, 25 normat cervices, and 24, 5 and 30 human
papillomavirus-associated premalignant, microinvasive and invasive cervical lesions, respectively.

Results: We demonstrated cydlin Al methylation to be commonly found in cervical cancer, both in vitro
and in vivo, with its physiological role being to decrease gene expression. More important, this study
demonstrated that not anly is cyclin Al promoter hypermethylation strikingly common in cervical cancer,
but is also specific to the invasive phenatype in comparison with other histopathological stages during
multistep carcinogenesis. None of the normal cells and low-grade squamous intraepithelial lesions
exhibited methylation. In contrast, 36.6%, 60% and 93.3% of high-grade squamous intraepithelial lesions,
microinvasive and invasive cancers, respectively, showed methylation.

Conclusion: This methylation study indicated that cyclin Al is a potential tumor marker for early diagnosis
of invasive cervical cancer.
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Background

Cervical cancer {CC) is an important health problem and
is a leading cause of cancer monality worldwide in
women. [1] When exposed to and infected by one of the
high-risk human papillomaviruses {(HPV), vulnerable cet-
vical epithelium may enter a complex multistep process
and develop an invasive carcinoma. [2-4] The spectrum of
histologic alterations during the intricate processes of
multistep carcinogenesis can be classified as premalignant
lesions, including low-grade and high-grade squamous
intraepithelial lesicns (SILs), and malignant invasive cer-
vical cancers. [5] Despite its strong association with CC,
HPV infection alone is not sufficient for the cervical epi-
thelium to fully develop an invasive cervical cancer. Per-
sistent HPV infection contributes to the development of
SlLs, with viral oncoproteins facilitating the dysregulation
of cellular proliferation and the apoptotic process. How-
ever, additional accumulation of mutations, as well as epi-
genetic alterations in the crucial oncogenes and tumor
suppressor genes, is required before these premalignant
lesions fully transform into invasive cancers, [6]

The aim of this study was to evaluate DNA methylation
status of ¢elin A1 (CCNAI) in HPV-associated CC.
CCNAL, a second A-type cyclin, has been shown to be
essential for entry into metaphase of male meiosis 1{7,8]
Consistent with this function, CCNAT1 is highly expressed
in testis and hematopoietic progenitor cells, butis present
at low levels in most other tissues. {9] No phenotype other
than male infertility has been reparted in mice lacking
CCNAL. [10] Surprisingly, several lines of evidence sug-
gest that CCNA1 may be a potential epithelial tumor sup-
pressor gene. First, the expression of CCNA1 has been
demonstrated 1o be downregulated in several cancers,
such as nasopharyngeal carcinoma and head and neck
squamous-cell cancer (HNSCC). [11-13] Second, CCNAL1
plays an important role in DNA double-strand break
repair following radiation damage by activation of the
non-homologous end-joining process that confers DNA
stability. {14] Finally, the promoter, similar to several key
tumor suppressor genes, is frequently hypermethylated in
colon cancer and HNSCC. [13,15]

Expression of CCNAI has been shown to be correlated
with the activation of TP53. In a HNSCC model, there is
an inverse relationship between CCNAI promoter meth-
ylation and TP53 mutation status in HNSCC tissues. [13]
Similar to HNSCC, the majority of CC is of squamous cell
origin and its molecular carcinogenesis strongly correlates
with impaired TP53 function. {16-18] However, unlike
HNSCC, the functional loss of TP53 in CC is not ascribed
to gene mutation, but is processed by viral and host pro-
tein-protein interaction. CC is strongly associated with
infection by high-risk HPV types and its oncoprotein EG
has the ability to associate with and neutralize the func-

http: /fiwww. biomedcentral.com/1471-2407/6/55

tion of TP53. [17,18| E6 binds to TP53 and catalyzes
multi-ubiquitination and degradation of TP53. Conse-
quently, the majority of CC cells have a wild-type TP53,
but the protein levels are decreased. Therefore, in compar-
ison with HNSCC, it was of interest to determine if
CCNAI is methylated in HPV-associated squamous cell
CC.

Methods

Cell lines and tissue samples

Sil{a and wo Hela CC cell lines from different sources
were grown in Dulbecco's modified Eagle's medium sup-
plemented with 10% fetal bovine serum. All three cells
were purchased from ATCC. §iHa, Hela (S), and Hela (K)
were grown and maintained in laboratories of Dr. Pong-
likitmongkol M, Mahidol University, Dr. Gutkind S,
NIH, USA and Dr. Ruxrungthum K, Chulalongkorn Uni-
versity, respectively.

With approval of ethical committee, faculty of medicine,
Chulalongkorn university, normal cervical tissues, cancer
tissues and blood samples were obtained and prepared as
previously described. [19,20] Cervical tissues were
obtained by punch biopsy of lesions under direct visuali-
zation or under colposcopic examination. Specimens
were divided in two. The first sample was submitted 10
routine histological examination, and the second was
reserved for DNA isolation. Blood samples were obtained
by venipuncture from CC patients and healthy blood
donors. All HPV-positive premalignant lesions were exfo-
liated cells, selected from routine cytolegical screening. [n
brief, cervical cells were collected with a cervical sampler
{Digene Corporation, Gaithersburg, MD, USA} using the
cervical cytobrush technique, and were divided into three
parts, The first was reserved for routine cytological diagno-
sis, The second was tested for the presence of high-risk
HPV (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
and 68) DNA by Hybrid Capture 2 (Digene Corporation,
Gaithersburg, MD, USA). [21] In cases of positive high-
risk HPV and complete histological tissue evaluation, the
third part was subjected to CCNA1 methylation analysis.
DNA extraction was performed using Tris{SDS and protei-
nase K at 50°C overnight, followed by phencl/chloro-
form extraction and ethanol precipitation.

Cervical biopsy specimens and Papanicolaou smears were
examined and reviewed by at least two gynecologic
pathologists to ensure good quality controf of the final
pathology results. All CCs contained 20-25% malignant
cells. The histological diagnoses distinguished among
normal epithelium, low-grade SILs, high-grade 3Slls,
microinvasive and invasive cancer. In case of invasive can-
cer, only those samples classified as squamous-cell lesions
were used for further analysis.
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Table 1: Oligonucleotide sequences and conditions for PCR analyses
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Primer Sequence Amplicon size (bp) Annealing temperature (°C)
CCNATmetF TTTCGAGGATTTCGCGTCGT 46 53
CCNAImetR CTCCTAAAAACCCTAACTCGA

CCNAlunmetF TTAGTGTGGGTAGGGTGTT 67 53
CCMAlunmetR CCCTAACTCAAAAAAACAACACA

CCNAlcloningF TGGGTAGGGCGTCGTAGTT 196 55
CCNAcloningR GCCCCCGACCTAAAAAAA

CCNAIcDNAF ATTCATTAAGTGAAATTGTGC 170 47
CCNAIeDNAR CTTCCATTCAGAAACTTATTG

GAPDHF GTGGGCAAGGTATCCCTG 460 52
GAPDHR GATTCAGTGTGGTGGGGGAC

Additional six OTC-embedded frozen CCs and five nor-
mal cervices, obtained from hysterectomy specimens,
were microdissected as previously described.?? Histologi-
cally normal epithelium, connective tissue and malignant
cells were subjected to CCNA1 methylation and expres-
sion studies.

HPY detection and typing

HPV L1, E6 gene amplification and dot blot hybridization
were performed as previously described([19,22,23] Briefly,
each L1 amplification reaction contained the L1 degener-
ate primers MY11 and MY09. The EG reactions contained
WD72, WD66, WD154, WD67 and WD76. Both reactions
were used to amplify genomic DNA during 40 PCR cycles.
To analyze the amplicons for the presence of high-risk
HPV, we applied dot blot hybridization using the HPV
type-specific oligo probes, WD170, WD132, RR], RR2,
wD103, WD165, WD, consensus L1, MY12/13, WD126,
WD128, MY16, WD133/134, MY14 and WDI174. The
membranes were subjected to analysis by a phosphoim-
ager. Results for L1 and E6 dot blots were scored inde-
pendently. Duplicate filters were prepared for all
specimens.

Sodium bisulfite modification and duplex methylation-
specific PCR {M5P)

The DNA samples were subjected to bisulfite treatment.
[24,25] Briefly, 2 ug of genomic DNA was denatured with
NaOH {final concentration 0.2 M). Subsequently, 10 mM
hydroquinone and 3 M sodium bisulfite were added and
incubated at 50°C for 16 h. The modified DNA was then
purified using Wizard DNA purification resin (Promega,
Madison, W1, USA) followed by ethanol precipitation.
Duplex MSPs were performed to identify the CCNAI
methylation status of all samples. The duplex PCR mix-
tures contained 10x PCR buffer (Qiagen, Chuo-ku,
Tokyo), deoxynucleotide triphosphates (0.2 mM}, prim-
ers CCNAlmetF, CCNAlmeR, CCNAlunmetF and
CCNAlunmetR (final concentration 0.4 pM each per
reaction) (Table 1), 1 U of HotStarTaq (Qiagen, Chuo-ku,

Tokyo) and bisuifited DNA (80 ng). The amplification
reaction was carried out for 30 cycles in a 2400 Perkin
Elmer thermal cycler. Then 10-pl aliquots of the PCR
products were stained with cyber green, run on an 8%
non-denaturing polyacrylamide gel. The band intensity
was visualized and measured by using a phosphoimager.

RNA preparation and analysis

Expression of CCNAI in the CC cell lines was examined
by RT-PCR. Total RNA was extracted using the TRIZOL
reagent (Invitrogen, Singapore) according to the manufac-
turer's specifications and 5 pg of each sample was sub-
jected to ¢DNA synthesis wusing MMLV reverse
wranscriptase (Fermentas, Hanover, MD, USA). PCR mix-
tures contained 10x PCR buffer, 0.2 mM dNTPs, 0.4 pM
each of primers CCNA1cDNAF and CNA1¢DNAR, 1 U of
HotStartaq and 80 ng ¢cDNA. GAPDH served as the inter-
nal control {Table 1). Aliquots of 10 yl of the PCR prod-
ucts were subjected to electrophoresis on a 2% agarose gel
stained with ethidium bromide on preparation, and were
visualized by a UV trans-illuminator.

Bisulfite genome sequence analysis

Some CCNAI methylation-positive CCs were selected for
sequence analysis. The bisulfited DNAs were amplified
using CCNAlcloningF and CCNAlcloningR (Table 1).
The amplified fragments were cloned using the PGemT
easy vector and sequenced.

Results

The aim of this study was to determine if the CCNA1 pro-
moter is methylated in CC and 1o elucidate how the epi-
genetic  alteration  occurs  during multistep CC
development. The experiments conducted comprised of:
first, establishment of CCNA1 MSP; second, identification
of the methylation status and correlation with expression
in CC cell lines, normal cervix and CC; and finally, inves-
tigation of the frequency of methylation in normal tissues,
high-risk HPV-associated low SILs, high SILs, microinva-
sive and invasive squamous cell CC.
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Figure |

Schematic representation of inverse correlation between
promoter methylation and expression of CCNA/ in CC cell
lines. (A) Diagram of methylated and non-methylated
sequences after bisulfite modification covering the area of
both primers (underlined) in the promoter region of CCNAI.
M, DNA size marker. Top panel, |0-bp ladder; bottom four
panels, 100-bp ladder. Neg, negative. (B) Duplex MSP analysis
of cell lines. Upper and lower arrows indicate non-methyl-
ated and methylated amplicons, respectively. MSP, methyla-
tion-specific PCR. (C-E) RT-PCR of the CCNA! gene after 28,
30 and 35 cycles, respectively. (F) RT-PCR of the GAPDH
gene as an internal control.

CCNAI methylation in CC cell lines

Duplex MSP for CCNA1 was designed according to the
sequence in Figure 1A. The methylated sequence com-
prised of 46 bp and the non-methylated sequence, 67 bp,
shown as the lower and the upper amplicons, respectively.

Previously, Carsten Miiller-Tidow et al. [26,27] exten-
sively studied the role of CCNA1 methylation and found
that CCNA1 was methylated in several non-expressing
tumor cell lines, including Hela. To confirm this particu-
lar finding in CC cell lines, we investigated methylaticn
and expression in Hela and SiHa cells. Our preliminary
study in Hela, Hela(S), revealed complete non-methyla-
tion, which contradicts the previous report (Fig. 1B). To
settle this controversy, we attempted to further evaluate
additional CC cell lines, including HeLa(K) grown in a
different laboratory, and SiHa. The result confirmed the
Carsten Miiller-Tidow et al. [26,27] finding, in that the

http://mww.biomedcentral.com/1471-2407/6/55

majority of Hela(K) cells, as well as all SiHa cells, were
hypermethylated. CCNA1 RT-PCR confirmed the inverse
relation between DNA methylation and gene expression.
CCNA1 RNA levels were high, intermediate and low in
Hela(S), Hela(K) and SiHa cells, respectively (Fig. 1).
These data indicate that CCNA1 methylation is common
in CC cell lines and its physiological role is to decrease
gene expression. The absence of methylation in Hela(S)
might indicate a demethylation process that occurs under
different cell culture and maintenance conditions.

We validated the reliability of this duplex MSP by per-
forming calibration experiments using SiHa mixed with
HeLa(S), CCNA1 completely hypermethylated and non-
methylated cells, respectively (Fig. 2A). With at least three
replicates for each experiment, the result demonstrates the
consistency of the current approach, with minimal intra-
and inter-assay variations (Fig. 2B). It is noteworthy that
the correlation between measured and actual CCNAI
methylation percentages was not linear, but exponential.

CCNAI methylation and expression in cervical tissues
The discovery of an inverse correlation between CCNAI
methylation and expression in CC lines suggested possi-
bility of the same situation in vivo. To test this hypothesis,
we evaluated the epigenetic control in vivo. Six frozen
OTC-embedded CCs and five normal cervices were micro-
dissected and subjected to duplex MSP and CCNA1 RT-
PCR. Figure 3 shows examples of typical in vivo results.
First, whereas no methylation could be observed, CCNA1
mRNA was discoverable by RT-PCR in normal cervix from
both epithelium and connective tissue cells (Fig. 3A). In
contrast, epigenetic control was detectable in cervical epi-
thelia of CC patients from both malignant cells and adja-
cent histologically normal cervical epithelia. Nonetheless,
in matched cases, a higher degree of methylation could be
demonstrated in cancer than in normal cells. From all
CCs, no CCNA1 mRNA was detectable. Interestingly, even
if methylation was detected, CCNA1 was expressed in
malignancy-adjacent histologically normal cervical tis-
sues. Moreover, an inverse correlation between the meth-
ylation level and mRNA quantity was observed. CCNA1
expression in methylated malignancy-adjacent histologi-
cally normal cervical epithelium may be due to normal
cell contamination or partial methylation at the promoter
according to CC multistep progression. Whereas complete
methylation could be observed in most cancer cells, par-
tial and non-methylated CCNA1 was discovered in the
adjacent epithelia (Fig. 3B). In conclusion, this experi-
ment evaluating cervical tissue in vivo led to three conclu-
sions. First, CCNAI methylation was exclusively
associated with cervical carcinogenesis. Second, the epige-
netic alteration occurred earlier than morphological trans-
formation of the cellular phenotype. Finally, methylation
may play a role in this gene inactivation.
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Figure 2

Intra- and inter-assay variation of the duplex MSP. (A) Duplex MSP of a mixture of CCNA| complete and non-methylated CC
cell lines, SiHa and Hela(S), respectively. M, DNA size marker; Neg, negative; 0, 25, 50, 75, 100 Met (%) represent the propor-
tion of SiHa DNA in the mixture, varied from 0 to 100%, respectively. The upper and lower bands are non-methylated and
methylated bands, respectively, indicated by labeled arrows. (B) Graphical comparison between measured CCNA | methylation,
percentage intensity of methylation amplicon (x-axis), and actual methylation, the proportion of SiHa DNA (y-axis). The bar
height indicates the mean and error bars, T, represent standard deviation (SD) across experiments.

CCNA| methylation incidence during multistep cervical
carcinogenesis

Cervical intraepithelial neoplasia provides a crucial model
to study the multistep process of carcinogenesis. There-
fore, we evaluated the frequency of CCNA1 methylation
in several cervical epithelial tissues with a distinctive
degree of malignant transformation, normal cervix, CIN,
microinvasive and CC, respectively. We selected 43, 25
and 30 cases of white blood cells (WBC), normal cervical
biopsies and invasive CCs, respectively (Table 2). Among
these samples, 13 WBC samples and 6 normal cervical
samples, located at least 3 cm from the tumor margin and
showing the absence of HPV DNA, originated from CC
patients. For all cases, when a methylated amplicon was
visible and the methylation percentage measured
exceeded 5%, the test was deemed positive. All selected
CCs were squamous and positive for HPV. Of the cases, 24
harbored HPV type 16, 4 had HPV type 18 and 2 cases dis-
played unclassifiable HPV types. Interestingly, a high fre-
quency of methylation was exclusively presentin CCs, ie.,
28 cases or 93.3% (Fig. 4A,B and Table 2). To reveal mul-
tistep carcinogenesis, we included 24 cases of SILs and 5

microinvasive cancers from exfoliated cervical cells. All
cases were positive for oncogenic HPV, analyzed by
Hybrid Capture 2. Whereas 60% and 36.6% of the micro-
invasive cancers and high SlLs, respectively, demonstrated
CCNAI methylation, none of the HPV-associated low SILs
exhibited these epigenetic changes (Fig. 4B and Table 2).

Discussion

This study demonstrated that: (i) CCNAI promoter hyper-
methylation in HPV-associated squamous cell CC is unu-
sually common; (ii) it is specific to CC; and (iii) the
methylation is more common in invasive phenotypes
compared to other histopathological stages during multi-
step carcinogenesis. This finding identifies both the inter-
esting biology of CC and a potential clinical application
of CCNA1 methylation as an additional molecular marker
for the early diagnosis of invasive CC.

Annual cytology screening has dramatically increased the
effectiveness of early CC detection. Nonetheless, addi-
tional tests will help to improve the sensitivity and specif-
icity of a single Papanicolaou smear for histological
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tissues. (A) Duplex MSP and CCNA| PCR; E and CNT are epithe-

lium and connective tissue cells from normal cervix; N and T are adjacent histological normal and cancer cervical epithelium
from CC, respectively. Arrows indicate non-methylated, methylated, CCNA/ cDNA and GAPDH cDNA, respectively. (B)
Bisulfite sequencing at the CCNA| promoter, with circles denoting the methylation status of each selected clone. Black and
white circles are methylated CG dinucleotides, and non-methylated CpG dinucleotides and TG dinucleotides, respectively.

analysis. Recently, testing for oncogenic HPVs has been
introduced to aid in the triage of women with atypical
squamous cells of undetermined significance (ASCUS).
[28] However, because the majority of patients with HPV-
associated lesions do not progress to invasive cancer, sev-
eral studies have attempted to add a panel of tumor sup-
pressor gene methylations to improve the effectiveness of
molecular cytological diagnosis. [29,30] Since the fre-
quency of CCNAI methylation is high and specific to
invasive CC, this gene should be a good candidate to
increase the coverage rate for early cancer detection.

In HNSCC, CCNA1 promoter hypermethylation is
inversely related to TP53 mutation. [13] Nonetheless, the
frequency of CCNAI promoter hypermethylation in CCis
high, whereas the function of TP53 in CC is usually
impaired as a consequence of protein degradation
induced by binding of the viral E6 protein. [18] This
observation may be due to either differences in tissue
types or pathophysiological outcomes of TP53 between
mutations and diminution of the protein function subse-
quent to EG binding. We prefer the latter hypothesis, since
TP53 and CCNAI have been shown to augment each
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Table 2: CCNAI methylation and clinico-pathological correlation

http://www.biomedcentral.com/1471-2407/6/55

Histological characteristics Total number of cases

CCNA| promoter hypermethylation

Absent Present
WBC 43 43 0
Normal cervix 25 25 0
Low-grade SIL 13 13 0
High-grade SIL i 7 4
Microinvasive cancer 5 2 3
Squamous cell CC 30 2 28
FIGO stage I-lIA 6 0 6
FIGO stage lIB-IV 24 2 22
Grade |, keratinized type 9 0 9
Grade 2, non-keratinized type 21 2 19

FIGO, International Federation of Gynecology and Obstetrics.

other's expression. [13,14] Consequently, the CCNAI1
protein could help to increase physiologic TP53 to coun-
ter the function of E6, except for cases of TP53 mutation.
In other words, alterations of both CCNA1 and TP53 in
HNSCC will be redundant. In contrast, in CC, a decrease
in CCNA1 protein should prevent the increment of TP53
that would have compensated for the protein destruction
by E6.

A
M Neg 5N 5T 10N 10T 12N 12T

Figure 4

"5&:;: &
S e e - Nonmet80
- o ot
- . e

Multistep process analysis revealed that CCNAI methyla-
tion is remarkably specific for cervical carcinogenesis. The
biological function of CCNA1 is to activate DNA breakage
repair by mechanisms depending on CDK2 activity and
Ku proteins. [14] It is interesting to hypothesize why the
genomic instability, triggered by impairment of the
CCNAL function, is crucial as an early event in CC devel-
opment. Perhaps the rate of spontaneous mutations in
cervical epithelial cells is too low to accumulate sufficient
malignancy-transformation-dependent oncogene and

100
90
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40
30+
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0+

WBC Cervix LSIL HSIL MIC SCC

Schematic representation of methylation-specific PCR in CC. (A) PCR analysis of CC: M, DNA size marker; Neg, water; N and
T, matched normal cervices and tumors, respectively. (B) Bar graph demonstrating the frequency of DNA methylation. Num-

bers on the y-axis are the percentage of positive methylation cases. Sample types are on the x-axis. WBC, normal cervix, Low-
grade SIL, High-grade SIL, microinvasive cancer and squamous cell CCs number are 43, 25, 13, |1, 5, and 30, respectively. The
methylation frequencies of each tissue type are represented by the height of each rectangular bar.
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tumor suppressor gene mutations if the cells possess fully
functional CCNA1. Therefore, the frequency of invasive
CC devoid of CCNAI methylation is limited.

Conclusion

This study demonstrates the strong association between
CCNA1 promoter hypermethylation and invasive HPV-
associated CC indicates that this gene could serve as an
effective molecular marker. Moreover, our finding, in
comparison with previous reports, [13,14] also suggests
that there is a possible molecular link between oncogenic
HPVs, TP53 and CCNA? promoter hypermethylation.
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Abstract SHP-1 promoter hypermethylation has been stud-
ied in hematopoietic cells and observed only in various types
of lymphoma and leukemia, This study reports a confrasting
situation in normal epithelial tissues and an association with
skin pathogenesis, particularly in psoriasis. We investigated
several cell lines, five of them were epithelial and six were
hematopoietic, white blood cells from normal, healthy
donors, and normal microdissected epithelium of kidney,
fiver, breast, cervix, lung, prostate, bladder, and skin.
Interestingly, promoter 2 hypermethylation was apparent in
all epithelial cell lines and tissues. However, distinctive
degrees of demethylation were noted in some skin samples.
The methylation pattems of each cell line corresponded to
their mRNA isoforms, in that isoforms T and II could not be
detected with either promoter 1 or 2 hypermethylation,
respectively. We further explored whether an enhanced
degree of demethylation could be observed in various
dermatopathology lesions. While the promoter 2 methylation
levels of squamous cell cancers, eczemas, and normal skins
were not different, a significant degree of demethylation can
be observed in psoriasis (p<0.005). In addition, psoriasis
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displays a higher level of SHP-1 isoform 11 than normal skin
(p<0.05). In conclusion, this study discovered an unprece-
dented role of SHP-/ methylation in tissue-specific expres-
sion and its alteration in a nonmalignant human disease
besides the transcription inhibition in [eukemia and lympho-
ma. Furthermore, the promoter demethylation may play an
important role in skin pathogenesis by enhancing SHP-/
isoform I transcription in psoriatic skin lesions.

Keywords SHP-1 - DNA Methylation - Psoriasis -
PTPN6 - Demethylation

Abbreviations SCC: Squamous cell carcinoma -
COBRA: combined bisulfite restriction analysis -
MSP: methylation-specific PCR
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Introduction

SHP-I or PTPN6 has been considered a tumor suppressor
gene in hematopoietic cells due to its promoter hyper-
methylation in various types of lymphoma and leukemia
[1-4]. Surprisingly, during our study, while SHP-I meth-
ylation would have been detectable in other malignant
genomes, instead, the epigenetic modification was dis-
covered in normal epithelial tissues. This information is
very interesting not only because it presents a paradox
situation but also because identification of new tissue-
specific methylation control genes is crucial for a better
understanding of human development and tissue differen-
tiation processes [5, 61. The aim of this study was to
explore SHP-1 methylation and transcription profile in
various cell and tissue types and to elucidate if this
epigenetic modification could be altered in any epithelial
pathologica! conditions.

SHP-1, a nonreceptor protein tyrosine phosphatase
containing an SH2 domain in tandem and protein tyrosine
phosphatase, plays an important role in regulating the
growth and proliferation process depending on cell types
[2, 7-9). The gene comprises two promoters, directing the
expression of two isoforms [10]. Promoter 1 is located
approximately 7 kb upstream from promoter 2. Previous
studies distinguished levels and types of SHP-/ mRNA
isoforms in various cell types. Studies in cell lines have
shown that isoform I is normally expressed at lower level in
epithelial and barely discovered in hematopoietic cells,
whereas isoform II is exclusively and vigorously expressed
in hematopoietic cells. Interestingly, the SHP-1 protein is
located in the cytoplasm of hematopoietic and in the
nucleus of epithelial cells [11]. SHP-I promoter hyper-
methylation, discemible in various lymphomas/leukemias,
increases the lymphoma development potential by silenc-
ing SHP-I transcription. The epigenetic regulation has
been attributed to promoter 2 [3, 4]. It is important to note
that the mechanism inducing the methylation has been
described. A recent study conducted on T-cell lymphoma
indicates that STAT3, in part, transforms cells by inducing
the epigenetic silencing in cooperation with DNMTI and,
apparently, histone deacetylase 1 [12].

Interestingly, transgenic mice with keratinocytes express-
ing a constitutively active Sta3 (K5.Stat3C mice} developa
skin phenotype either spontaneously or in response fo
wounding, which closely resembles psoriasis [13]. Psori-
asis is a benign chronic inflammatory skin discase. The
skin lesions are characterized by sharply demarcated
erythematous plaques of various sizes covered with silvery
scaling. These changes are caused by intense skin inflam-
mation with infiltration of inflammatory cells into the
dermis and epidermis and strongly enhanced keratinocyte
proliferation [14]. This information indicates that both
SHP-1 methylation and psoriasis are linked to STAT3
functions, pointing at a possible association between SHP-
! methylation and psoriasis.

Psoriasis is a common chronic skin disease affecting up
to 2.0% in many populations, It is believed to be a mul-
tifactorial genetic disorder with the phenotype depending

on the patient's genetic background and environmental
factors. The disease is characterized by keratinocyte
hyperproliferation and carly differentiation as a conse-
quence of autoimmune reaction [15]. Management of
psoriasis ranges from topical therapies for limited disease
to systemic therapies for more widespread disease. Despite
various available treatments, the adverse effect or inade-
quate efficacy of the therapies involved has invoked a
necessity for safer and more effective treatment. The
advent of therapies based on mechanisms that target critical
molecular pathways has evoked considerable interest [16].
Our novel finding in psoriatic molecular pathophysiology,
the epigenetic modification of SHP-I promoter 2, may
assist in developing new and effective targeted therapies.

Materials and methods
Sample
Cell lines and patient samples

Hematopoietic cell lines, Daudi, Jurkat, Molt4, U937, K562,
and epithelial cell lines, Hela, HEp2, SW480, HepG2, and
HaCaT, were used. Additionally, two Epstein-Barr virus
transformed B-lymphoblastoid cell lines (BLCLs) were
generated from two donors. All cells were cultured in
Dulbecca's modified Eagle's medium or RPMI1640 (Gibco
BRL, Life Technologies, Pairly, UK) supplemented with
10% heat-inactivated fetal bovine serum (Sigma, St Louis,
MO, USA) and antibiotics (50 U/mt penicillin, 50 pg/ml
streptomycin). Cells were incubated at 37°C in 5% CO,.
Several archival paraffin-embedded tissues derived from
normal and adjacent normal tissues of several tumor patients
of various locations of kidney, liver, breast, prostate, cervix,
lung, bladder, and OTC-embedded frozen normal cervical
sections were obtained [17]. Nine to ten each of normal
skins, collected from normal skin removed during plastic
surgery, and various pathological skins, including chronic
stable plaque type psoriasis, guttate psoriasis, squamous cell
carcinoma (SCC), and chronic eczema, were chosen for the
study. All patients with dermatologic condition and who
were free from any skin therapies 4 wecks prior to taking
biopsy samples were diagnosed clinically by an experienced
dermatologist. The diagnosis was confirmed by skin biopsy
and was revealed by an experienced dermatopathologist
as typical pathology for each skin condition. The tissues
were microdissected as previously described [18). Addi-
tional cases of chronic plaque type psoriasis were
microdissected to separale between upper and lower
section of their psoriatic epidermis. Several samples of
white blood cells (WBCs) from normal healthy indivi-
duals were also included. An additional seven cases each
of healthy donor and chronic stable plaque type psoriasis
pathological skin conditions were obtained by 6-ml-wide
punch biopsies under local anesthesia for RNA analysis.
All of the psoriasis patients were of the chronic stable
plaque type and did not receive any treatment except the
two cases who sporadically used low-potency topical



corticosteroids at least 4 weeks prior to taking biopsy
samples.

Bisulfite treatment for DNA

After extraction, all DNA samples were treated with
sodium bisulfite as previously described [19]. Briefly, I ug
of genomic DNA was denatured in 0.22 M NaOH at 37°C
for 10 min. Thirty microliters of 10 mM hydroquinone and
520 ul of 3 M sodium bisulfite were added for 16-20 h at
50°C. The DNA was purified and incubated in 0.33 M
NaOH at 25°C for 3 min, ethanol precipitated, then washed
with 70% ethanol, and resuspended in 20 pl of H;0.

Methylation analysis of the promoter regions
by the COBRA and MSP method

All SHP-I bisulfite oligonucleotide sequences were de-
rived from GenBank (accession number U47924.1). DNA
methylation in the promoter 2 region of SHP-/ was detect-
ed by duplex methylation-specific polymerase chain reac-
tion (PCR) (MSP) using methylation-specific primers and
nonmethylation-specific primers. The methylation-specific
primer sequences were identical to those previously pub-
lished [20]. The methylation-specific primer sequences
were 5'-TGT-GAA-CGT-TAT-TAT-AGT-ATA-GCG-3' and
5-CCA-AAT-AAT-ACT-TCA-CGC-ATA-CG-3, and the
nonmethylation-specific ones were 5'-GTG-AAT-GTT-ATT-
ATA-GTA-TAG-TGT-TTG-G-3' and 5-TTC-ACA-CAT-
ACA-AAC-CCA-AAC-AAT-3’. A duplex MSP reaction,
containing bisulfite-treated DNA and 375 nM each of all
oligonucleotides, was performed for 35 cycles with the
annealing temperature set at 58°C. The PCR products, 174
and 162 bp for methylated and nonmethylated sequences,
respectively, were separated by electrophoresis on a 6%
nondenaturing polyacrylamide gel. The amplicons were
analyzed by staining with cyber green and calculating the
percent methylation upon visualization on a phosphor
imager using the Image Quant software (Molecular
Dynamics, Pharmacia Amersham). The SHP-1 promoter
2 methylation level was calculated as a percentage of
intensity of the methylated sequence divided by the sum of
methylated and nonmethylated amplicons.

On the microdissected, paraffin-embedded tissucs,
seminested PCR was performed. Two microliters of the
duplex MSP product was added to a solution containing a
nested forward primer, 5-AGY-GTG-GGT-TAG-GGA-
GGG-3' (bisulfited nucleotides 163031-163048), and
both of the reverse duplex PCR oligonucleotides. The
amplification reaction was carried out as described above.
The duplex amplicons, 94 and 83 bp for methylated and
nonmethylated sequences, respectively, were analyzed by
the phosphor imager as previously described.

Combined bisulfite restriction analysis (COBRA) [21] by
seminested PCR was applied for detection of methylation in
the promoter 1 region. The forward (5-GTT-TTT-GTA-
GTG-TTA-TTG-GTT-3) and reverse (5-AAA-CAA-CAT-

177

CTC-TCT-ATA-AAA-A 3') primers (bisulfited nucleotide
number 158572-158592, 158743-158722, respectively)
were used to generate a |1 72-bp amplicon during 35 cycles
of PCR with the annealing temperature set at 44°C. One
microliter was transferred for seminested PCR with 5'-
AAC-CCA-AAC-CAA-ATA-AAA-3 (bisulfited nucleo-
tide number 158657-158640) as the reverse primer,
Amplification conditions were identical to those in the
primary PCR and generated an 86-bp amplicon. The PCR
products were digested by Tag [ (MBI Fermentas,
Flamborough, Ontario, Canada) at 65°C for 16 h and
separated by 6% acrylamide gel electrophoresis.

Bisulfite DNA sequencing

For promoter 1, bisulfite-treated genomic DNA was am-
plified by using primers 5'-GTT-TTT-GTA-GTG-TTA-T
TG-GTT-3' and 5'-AAA-CAA-CAT-CTC-TCT-ATA-AA
A-3’ (bisulfited nucleotides 158572-158592 and 1587
43-158722, respectively). For promoter 2, bisulfite-
treated genomic DNA was amplified using primers 5'-
GTT-TTA-TAG-GGT-TGT-GGT-GAG-AAA-TT-3' and
5-ACA-CAT-ATA-TAC-CTT-ACA-CAC-TCC-AAA-3'
(bisulfited nucleotides 162912-162937, 163153-163127,
respectively). The PCR products were cloned into the
pGEM-T casy vector (Promega, Santhan, UK) and
sequenced.

RT-PCR and real-time RT-PCR

Total RNA was extracted from cell lines as well as skin
biopsies using the Trizol reagent (Life technologies, Inc.)
according to the manufacturer's instructions. The RNA
preparation was dissofved in 20 pl of RNase-free distilled
water containing 40 U of ribonuclease inhibitor (Promega),
and 50 ng of the RNA was incubated for 5 min at 70°C
followed by 45 min at 42°C with 15 pmel of oligo
deoxythymidine primer. To each sample, we added 19 pl
of a reaction mixture containing 1% ImProm-II buffer
{10 mM Tris—HCI, pH 8.3, 1.5 mM MgS04, 50 mM KCl,
and 0.001% gelatin), 5 U of reverse transcriptase (RT)
(Promega), and 0.2 mM deoxynucleotide triphosphates.
c¢DNA was amplified using the exons 3—4 primer 5-CCC-
ACC-CTG-ACG-GAG-AGC-3" and either the exon 1
primer 5-CTC-CCT-ACA-GAG-AGA-TGC-TGT-CC-3' or the
exon 2 primer 5-ACT-GGG-AGC-TGC-ATC-TGA-GG-3". All
SHP-I RT-PCR oligo sequences were obtained from
GenBank (accession number NM080549.2). Glyseralde-
hyde-3-phosphate dehydrogenase (GAPDH) was used as a
control as previously published [22]. Both PCRs were
performed for 35 cycles with the annealing temperature set
at 60°C.

Real-time RT-PCR was performed in a Light Cycler
machine (Roche Molecular Biochemicals, Indianapolis,
IN, USA) using QuantiTect SYBR Green I (Qiagen,
Hilden, Germany), according to the manufacturer's in-
structions in a total volume of 20 pl. Cycling conditions
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were 95°C for 15 min, 95°C for 15 s, 53°C for 30 s, and
72°C for 30 s for 40 cycles, followed by melt analysis from
65 to 95°C. The SHP-1 (1) primers were same as above.
PCRs were conducted in parallel to normalize for differ-
ences in cDNA synthesis. To correlate the threshold (Ct)
values from the amplification plots to copy number, a
standard curve was generated using the pGEM-T SHP-/(II)
plasmid. PCR product melt curves were analyzed for a
specific peak, and the products were visualized by the
agarose gel electrophoresis and ethidium bromide staining
to ensure and proportionate specific amplicons. A non-
template control was run with every assay, and ali
determinations were performed to achieve assay.

Statistical analysis

Levels of SHP-I promoter 2 methylation and isoform II
among skin lesions were compared, and significant differ-
ences were determined by unmatched two-tail ¢ test using
the SPSS software for windows 10.0 (SPSS Inc., Chicago,
IL, USA).

Results
SHP-1 methylation and isoforms in human cell lines

Ceil-type-specific SHP-1 isoforms, distinguishable by
promoter transcriptional activity, have been reported {11}.
Whereas most hematopoietic cells express high levels of
isoform 11, the majority of epithelial cell line transcripts
display lower levels of isoform I. Hence, the aim of our first
experiment was to determine if this tissue-specific tran-
scription process is regulated by promoter hypermethyla-
tion. A new COBRA approach was designed to analyze
promater 1, and the published MSP [20] was modified to
study promoter 2 (Fig. la). The results demonstrate
distinctive methylation patterns for hematopoietic and
epithelial cell lines. While promoter 2 hypermethylation
was constantly detected in all epithelial cell lines (Hela,
HEp2, SW480, HaCaT, and HepG2), promoter 1 without
exception was nonmethylated. In hematopoietic cells, a
variety of methylation patterns could be observed. Whereas
methylation was not detected in WBC, it was discernible in
some hematopoietic cell lines. Promoter 1 was nonmethyl-
ated in both BLCLs and methylated in Daudi, K562, and
U937. Both promoters were incompletely methylated in
Jurkat and Mol Limited or absent amounts of promoter 2
methylation were demonstrated in both BLCLs, Daudi, and
U937. Finally, promoter 2 of K562 was hypermethylated.
Bisulfite, PCR, cloning, and sequencing were applied to
confirm both MSP and COBRA results, Figure 1b shows
examples of bisulfite sequencing results of HEp2, Daudi,
and Moltd, confirming complete, absent, and partial
methylation, respectively.

We observed a striking inverse correlation between
promoter methylation and transcriptional activity. As for
promoter 1, DNA methylation was discovered in Daudi,

Jurkat, Molt4, K562, and U937, while isoform ] cDNA was
not detectable. In contrast, promoter 1 of all epithelial cells
and both BLCLs was nonmethylated and transcribed.
WBCs, however, were devoid of both methylation and
isoform I, suggesting another transcriptional silencing
mechanism (Fig. la,c). ¢cDNAs, 239 bp, derived from
isoform I were observed when amplifying SHP-J RNA
between exons 2 and 3—4 (Fig. 1c). All human epithelial
cell lines, including HeLa, HEp2, SW480, HaCaT, and
HepG2, were promoter 2 hypermethylated and SHP-/
mRNA isoform I deficient. In contrast, SHP-7 isoform II
was strongly expressed in all promoter-2-nonmethylated
human hematopoietic celis, BLCLs, Daudi, and U937
(Fig. ta,c). Both promoters 1 and 2 were methylated in
K562, and consequently, we found limited amounts of both
SHP-! mRNA isoforms. The high isoform II levels from
promoter 2 of Jurkat and Molt4 were noteworthy since they
displayed incomplete promoter 2 methylation (Fig. l1a,b).
These findings confirmed the strong association between
methylation of both promoters and their activities.

SHP-! methylation in normal epithelia in vivo

The complete promoter 2 methylation in epithelial cell
lines prompted us to hypothesize that the epigenetic control
was tissue specific rather than indicative for carcinogen-
esis. Accordingly, we screened the methylation in normal
epithelial tissues of several organs. Several stratified
epithelial tissues, including skin, bladder, and cervix, and
large solid organs mainly comprising epithelial tissues,
such as prostate gland, breast, lung, kidney, and liver, were
investigated. Whereas no promoter 2 methylation was
found in WBCs from healthy donors, complete methylation
was demonstrated in almost all epithelial cells (Fig. 2a,b).
The methylation status is not depended on tissue preserva-
tion (Fig. 2c). It is noteworthy that incomplete methylation
was sporadically identifiable in one out of nine skin cases
(Figs. 2 and 3).

SHP-1 promoter 2 demethylation in psoriasis

To explore the significance of promoter 2 demethylation in
skin, we investigated if and which types of pathological
conditions possessing larger degrecs of loss of methylation
could be observed. Keratinocytes from psoriasis, SCC, and
eczema lesions were collected using microdissected,
paraffin-embedded tissues, and their methylation levels
were compared with those of normal skins (Fig. 3a). In
addition to eight out of nine normal skins, hypermethyla-
tion was discernible in the majority of eczema and SCC
cases. In contrast, demethylation was found in almost all,
eight out of nine, cases of psoriasis. The average methyl-
ation level of normal skin is 94.8%, whereas in psoriasis, it
is 68.1%. From this, it can be concluded that the levels of
promoter 2 methylation in psoriasis are distinct from those
in healthy skin lesions (p<0.005) (Fig. 3b). Since promoter
activity and expression of many proteins change with the
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course of keratinocyte terminal differentiation and the
pattern of epidermal differentiation is altered in psoriatic
skin, we investigated the demethylation in distinctive
compartments. Several psoriatic skins were microdissected
and divided into upper and lower half of the epidermis, and
the promoter methylation levels were compared. No
significant demethylation differences between the com-
partments were identified (Fig. 3b). In addition, the
demethylation level between psoriasis with different clin-
ical sign, chronic stable plaque type, and guttate psoriasis
were not distinguishable (Fig. 3b).

| HEp2

swas
HaCa
HepG2
BLCL1
BLCL2
Daudi
urkat
Molt4
K562
U937

We also compared mRNA expression SHP-/ isoforms in
fresh biopsies of psoriatic lesion and normal skin by Real
Time RT-PCR. Interestingly, the association between pro-
moter 2 methylation and the amount of isoform II mRNA
in psoriatic skins was similar to that observed in the
previously analyzed promoter 2 incompletely methylated
cell lines, Jurkat and Molt4. Psoriatic skin lesions
predominantly expressed isoform II, identifiable from all
cases, whereas promoter 2 activities were absent or
decreased in the majority of normal skin samples
(Fig. 4a). The isoform II mRNA level of psoriatic skin
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Fig. 2 SHP-/ promoter 2 methylation in epithelia. a Representative
result of seminested duplex MSP of epithelial tissue obtained from
microdissected, paraffin-embedded tissue of breast, kidney, and
WBC. M is standard DNA size marker. b Average level and standard
deviation (SD) of promoter methylation in epithelial tissues of

lesions as measured by real-time RT-PCR of exons 2 and
3—4. The RT-PCR was average at 58 copies, whereas in
normal skin, they amounted to 18 copies per 1 ug of total
RNA (Fig. 4b). This indicated that SHP-I promoter 2
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types. T indicates the methylation SD within individual cell types.
Note that 0 SD can be observed in most cases

activity of psoriatic lesions was significantly higher than in
normal skins (p<0.05). This finding confirms the increment
of promoter 2 activity in psoriasis by a demethylation
mechanism compared to normal skin.
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Fig. 4 SHP-1 RT-PCR of psoriatic skin lesions and normal skins. a
Cell types are listed on the top of each lane. M is standard DNA
marker, and N is negative control. Arrows indicate the locations of
expected amplicons. Exon |1 and 3/4 is RT-PCR between exons 1
and exon 3-4, and the amplicon is 156 bp. Exon2&3/4 amplifies

Alteration of gene expression is at the center of cellular
pathogenesis. Accordingly, DNA methylation should be
associated with human diseases since epigenetic modifi-
cation usually silences gene transcription. Normally, DNA
methylation is important in several biological processes,
such as X chromosome inactivation and genomic imprint-
ing [23-27]. As for abnormal conditions, promoter
hypermethylation of several tumor suppressor genes and
generalized hypomethylation have been reported to promote
the potential for malignant transformation [20, 27-30]. To
the best of our knowledge, this study has been the first to
prove that the tissue-specific promoter methylation status
can be altered in a nonmalignant human disease condition.
In contrast to previously described cases of lymphomas/
leukemias, the SHP-] promoter 2 is hypermethylated in
normal epithelia, and its activity is consequently limited.
Finally, we selectively analyzed several pathological skin
lesions and demonstrated that promoter 2 demethylation
usually arose in psoriatic skin lesions and consequently
triggered up-regulation of SHP-/ isoform II.

According to previous data, mRNA derived from
promoter 2 is distinctive from promoter 1 transcripts in
both structure and quantity [11]. The sequence of isoform II
differs from isoform I by embracing few different amino
acids at the N-terminal. Additionally, a strikingly large
amount of mRNA is usually generated from promoter 2
[11]. Moreover, the molecular physiological responses to
up-regulate cell growth of SHP-/ in hematopoietic and
epithelial cells are distinct. SHP-I isoform II has been
projected as a negative regulator for signaling of cell
proliferation and differentiation of hematopoietic cells via
cytokine and non-cytokine receptors such as the cKit/stem
cell factor receptor, the interleukin-3 receptor, the colony-
stimulating factor-1 receptor, and the erythropoietin
receptor [31-35]. Conversely, it has been reported to be a
positive regulator of cell signaling via the mitogen-
activated pathway (MAP) kinase pathway in nonhemato-
poietic cells [11]. In the course of this study, we found
demethylation of the promoter 2 region of SHP-/
correlated with up-regulation of SHP-I isoform I mRNA
in psoriatic skin lesions. Hence, up-regulation of the

BNE

% isoform Hl
isoform I

o 8 &5 8 8

Psoriasis Normal

239 bp of isoform II. GAPDH is RT-PCR results located at the
bottom of a. b The mean and SD of isoform II level of psoriasis and
normal skin proportion to 1 pg total RNA are the height of each bar
and T, respectively. The real-time RT-PCR showed significant dif-
ference at p<0.05

promoter 2 in psoriatic skin lesions should result in a
downstream SHP-/ signal transduction pathway different
from that in normal skin. Interestingly, psoriasis is a T-cell-
mediated disease [36], involving many defects in the
regulation of the transcription factors: signal transducer and
activator of transcription (STAT-1 alpha), interferon-
regulated factor 1, and nuclear factor-kappaB. Moreover,
the pathogenesis leads to alteration in intracellular signal
transduction pathways, including MAP kinase and JAK-
STAT pathways, which lead to loss of growth and
differentiation control when the cells are subjected to
physicochemical and immunologic stress [37]. Conse-
quently, it is crucial to further elucidate if and which
particular role SHP-1 isoform II plays in the pathological
psoriasis signal transduction network.

This association study does not indicate that SHP-/
demethylation is specific to psoriasis. In contrast, some
other skin lesions possessed the epigenetic loss; therefore,
we presume that promoter 2 demethylation is a dynamic
physiological process and that its prolongation or sensiti-
zation implicates psoriatic pathogenesis. In this study, we
could observe a variety of methylated sequences in some
hematopoietic malignant cell lines such as Jurkat and
Molt4. This indicates that epigenetic modification is
mosaic even if the cancer cells are subject to selective
clonal expansion. Accordingly, the variation should result
from a gradual loss of methylation in vitro. Furthermore, in
addition to most psoriasis samples, some cases of skin
lesions also sporadically disclosed demethylation. Finally,
a recent study on lymphoma has proven that down-
regulation of STAT3 mRNA results in SHP-/ demethyl-
ation [12]. Since several cytokines and growth factors are
responsible for STAT3 activity, SHP-1 methylation being
controlled by STAT3 supports our hypothesis. However,
STAT3 may act differently on the SHP-1 promoter in
epithelial cell. A study reported by Sano et al. [13] has
demonstrated that STAT3 up-regulation is an important
mechanism in psoriatic pathogenesis. Hence, if on a
molecular level, STAT3 activity is related to SHP-/
methylation in epithelial cells, there must be additional
tissue-specific factors to trigger the opposite outcome,
demethylation instead of hypermethylation.
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Gene Gene location LINE-1 location LINE-1 orientation
COL24A1 1p22.3 intron 24 Antisense
FAM49A 2p24.3-2p24.2 intron 2 Sense
CNTNAPS 20143 intron 11 Antisense
PKP4 2q24.1 intron 1 Sense
LRP2 2g31.1 intron 19 Antisense
MGEC42174 29371 intron 8 Antisense
EPHA3 3pit1 intron 5 Anfisense
EPHAZ Ip111 intron 15 Antisense
ANTXR2 4q21.21 intron 16 Antisense
SPOCK3 4q32.3 intron 7 Antisense
LOC133993 5q12.3 intron 3 Antisense
PPP2R28B 5q32 intron 8 Antisense
LOC286094 8q24.22 intron 1 Sense
PRKG1 10g21.1 intron 9 Sense
ADAMTS20 12q12 intron 7 Antisense
CDH8 16921 intron 7 Antisense
L OC284385 19912 intron 1 Antisense
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COBRA unique and Size Methylated Unmethylated bands (bp)

Gene LINE-1 sequence oligoes (bp) bands {bp) & Control bands (bp)

COL24A1 GTTAAAGGGTTAAGAATGTGTGTAG 336 47.151.60.54.80 294.98
GTAAAACCCTCCGAACCAAATATAAA

FAM49A GTTTTAAAAAAAAATAAAGTTGG 385 41,151,113,80 287,98
GTAAAACCCTCCGAACCAAATATAAA

CNTNAPS GATTAAATTTTAATTGAATTAGAG 403 43,151,60,53,80 5,6,5,289,98
GTAAAACCCTCCGAACCAAATATAAA

PKP4 GGTATGATTTTAAAAAAAGAGAT 392 48,211,53,80 294,98
GTAAAACCCTCCGAACCAAATATAAA

LRP2 GGTATATAATTTTTATGGTGTTG 435 44,150,60,53,80 7,27.,14,289,98
GTAAAACCCTCCGAACCAAATATAAA

MGC42174 ATTGAGGTGTATTAAGAGATGGA 553 181,60,53,80 25,154, 276, 98
GTAAAACCCTCCGAACCAAATATAAA

EPHA3-IVS5 TGTTATTGGAATATATGGAGATT 386 42,151,60,53,80 288,98
GTAAAACCCTCCGAACCAAATATAAA

EPHA3-IVS15  TAAGGATAAAAATTTTITGAAGTT 464 60,150.60,53.80 10,33,18.305.98
GTAAAACCCTCCGAACCAAATATAAA

ANTXR2 TATTGAGTATTAATTATGTATTTAGTAT 4186 28,150,60,53,80 11,34,273,98
GTAAAACCCTCCGAACCAAATATAAA

SPOCK3 GTGTAATTTTTTTAGATTTTGTAG 492 300,60,36,17,80 6,22,23,37 46,262,958
GTAAAACCCTCCGAACCAAATATAAA

LOC133993 TTAGGATATTTTTTATTTTGGGA 446 101,264,80 347,98
GTAAAACCCTCCGAACCAAATATAAA

PPP2R2B GGGGAAAAAATTGAAAGTT 590 8,24,151,60,53,80 94,28,20,42,21,9,270,98
GTAAAACCCTCCGAACCAAATATAAA

LOC286094 TATGTAAGTATGGAAATTTGAGG 429 43,151,60,53,80 16,20,290,98
GTAAAACCCTCCGAACCAAATATAAA

PRKG1 AAAATTTTITAGTTGTTAAATGG 374 152,60,53,80 2,27,247,98
GTAAAACCCTCCGAACCAAATATAAA

ADAMTS20 AAGTTGTGTGGTTTTTTGTAAAT 468 81,151,60,36,17,80 22,328,98
GTAAAACCCTCCGAACCAAATATAAA

CDH8 GGATTTGGGAGTTGGATAGTTAG 405 21,211,53,38 30,10.276,56 42
GTAAAACCCTCCGAACCAAATATAAA

LOC284395 GAGAAATAGAATAGGTATGATTGATAA 473 23,151,60,53.80 27,5,33,36,270,98
GTAAAACCCTCCGAACCAAATATAAA

Genome Wide 160 B8O 62, 98

bp, base pairs

CCGTAAGGGGTTAGGGAGTTTTT
RTAAAACCCTCCRAACCAAATATAAA





