RSA04/2540 Uw.m9. BAS1A yTileegs

- i
T B
BURTUFNY IO

Tasons

o, [~
“anﬁfn‘n g1 DINZLSIAU”

Molecular carcinogenesis of Hepatocellular Carcinoma

& [
WIUNNEAFTIIA myﬁﬂi:gi
MaTN NITNTFERS

AUSUNNDAEAT W RINIDLIRIINLIAE

aﬁfnm&ﬂﬂuﬁwﬁnamnamuaﬁfumgumﬁ%’ 3



sHAlATINTT: RSA/04/2540

Ci i - 3 A ”
walasanis: s inmussnniady
FawnIdy: WIBWWNEBATNE yailizs
email address: fmedinp@md2.md.chula.ac.th

srazirailasInis: 31

UNAAH
[ d = d' ) o Or G B =l o = P
ummmﬂummﬂwuuaUﬂqﬂlumuvl'nU Sedusniaud was anmnmuLﬂumm@;

a G

fddy i litAausidy udnalnfimiifiauniddlidanu nuwidsiduvmsfnwsssiven
=l

FAnon lapfnsunumuesdiu C/EBP alpha wa: Huaadlirdudniruiluuzdey Woy
Fauiudusaudiosliiuenge wazlwFanvasilio d263F Sourthern uaz Northern blot
fMadnuz3angihe 6 1o usz Wanngilsuziey 36 NelaTumIamam 1 HBx uas
HBs wad b TaALaNEL Was HBsAg, HBcAg ¢aeiF ELISA

HaN1IATI9E% C/EBP alpha linuanuAaundvadfuiluuniesu susnamany RNA
91nEu C/EBP alpha luszaudmsluuzSoussludusmdn ldidnus e luansronu s
CIEBP alpha Felivanduiufifienuidglumniauzsadit minsaiulusaediaiady
snanifludlunvasnnSevlinudygw Rerudaildfimaunsnvasiadudmsut wdms
#3131 0% HBx Uaz HBs wnluu:ﬁaﬁumaaujﬂaﬂﬁﬁmﬁ@\L%a“h%’aé’ué‘mﬁuﬁmﬁau wananii
97529 HBx Wuluay LLa:Lﬁa@wmngﬂwﬂwﬁa%a HBsAg luiRealduany MInTITaAAE]
Thauzi3edu 36 TIuontfin HBs uas HBx wuiils 15 1718 HBsAg Iuidaalduauinauns
WU HBx DNA 11 T8 Ua¥@HNI0ATISNY HBx DNA 10 910 15 efitnediadalsaud (Anti-
HBc lenauan) ud HBsAg lufaaldna HBY we bsiwy HBx Qﬁvl,mﬂuﬁm%avh%'aﬁmy (6 T8
%%a'lmgu?}mﬂaﬁﬂﬁ’ﬂﬂ (20 11) il bihinded HBx fenuddglunninusnSedy
‘Lu;jﬁmuﬁm%a"h%'ﬁﬁué‘nmuﬁ wiRzaTa9 liny HBsAg lumends

wenondgsldvnmsdnsmsfauesanuieUndlussduiuasniznssseudeu
nalas-6-Wamnaddplasiug (GePD) lutlszmnslng lasnvasinoaanin wuhnmzwias
wwity cePD wuldasaz11.1 lume'lng m‘mnﬁm'\aarﬁ%a’mmmamﬁammmﬂﬁwiaq
G6PD 49 TEWU Louddy GePD 1luziia G6PD Fusdunit (Sreuiusdl 871 Whswan G
Wl A) 28 7 (Fauas 57), GBPD MW (1376 G Lilu T) 4 18 (Fawar 8), G6PD ufiaa (487
G lu A) 3 1w (Fawaz 6), GBPD 'Infis (1388 G 1l A) 2 118, GEPD giilw (1360 C 1Iu T)
waz GEPD 3uwfiadi 5 (1240 C 1{lw T) agass 1 7o §udn 8 8 (17%) Selinmuvie



Project Code: RSA/04/2540

Project Title: Molecular carclnogenesis of Hepatocellular Carcinoma
Investigator: Issarang Nuchprayoon, M.D., Ph.D.

email address: fmedinp@md2.md.chula.ac.th

Project Period: 3 years

Abstract

Hepatocellular carcinoma (HCC) is the most common cancer in Thai men. Although it
has been well known that hepatitis B virus (HBV) and toxins are important caysative factors,

pathway of carcinogenesis is still unclear. The specific aims of this study were to assess the

role of a human transcription factor C/EBPQL, o assess the integration of Hepatitis B virus

(HBV) genome in HCC genome, and to assess the role of HBV-X gene in HCC patients.
There was no rearrangement of C/EBPCL gene in HCC specimens by Southern assay.

The expression of C/EBPCL were low in HCC and non-tumorous cirrhotic liver from the same
patients by Northern blot. HBs and HBx gene PCR products were present in 4 of 6 HBV-
seropositive HCC samples. However, in one HBsAg-negative HCC sample, HBx but not HBs
gene was present., and HBx but not HBs gene was detected in his PBMC. In search for more
evidence, HBx and HBs genes were amplified from sera and PBMC of 36 patients, 23 of whom
were known HBsAg negative. We found that HBx DNA was detectable in 11 of 15 HBsAg-
positive patients. Interestingly, HBx DNA was also detectable in 10 of 15 patients who had had
previous HBV infection (Anti-HBc positive) but had cleared HBsAg from circulation (HBsAg
negative in serum) but not in 6 HBsAg and anti-HBc negative patients, nor from 20 random
volunteer blood donors (negative controls). These findings suggest that HBx may be important
in pathogenesis of HCC in previously HBV-infected patients, even in patients who subsequently
clear HBsAg.

Another unrelated study under this funding was to search for mutations responsible for
glucose-6-phosphate dehydrogenase (G6PD) deficiency in Thai population. Of 529 cord blood
samples, 49 (11.2%) were G6PD deficient. We found that the three most common GG6PD-
deficient mutations were G6PD Viangchan(BT1G%A , 97%), followed by G6PD Canton (1376
G2T. 8%), and G6PD Mahidol (487 G‘)A, 6%). The less common mutations identified were
G6PD Kaiping {1388 G2A, 4%), and 1 case each (2%) for G6PD Union (1360 C—)T) and
“Chinese-5" (1024 C'9T) and 8 cases {18%} of GBPD deficient mutation remained unidentified.
Keywords: Hepatocellular carcinoma, C/EBP alpha, Hepatitis B virus, HBX, Glucose-6-
phosphate dehydrogenase deficiency, G6PD mutations
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Molecular carcinogenesis of Hepatocellular Carcinoma

1. Introduction

Hepatocellular carcinoma (HCC) is a malignancy of hepatocytes. HCC is a uniformly
fatal disease. While most cancers in adult and children had an improved survival with
multimodality therapy during the past decade, survival of patients with HCC remains unchanged
during the past four decades. The incidence of HCC in Thailand is far higher than that is
Western countries. This correlates the high incidence of hepatitis B viral infection in Thai
population.

Pathogenesis of HCC remains unclear. It has been shown that HCC is
epidemiologically associated with Hepatitis B virus (HBV) infection, and aflatoxin. However, it
remains unclear how HBV causes hepatocytes to become cancer. Progress in human
hepatoma research has been slow due to a relative lack of specimens and incidence compared
to other cancer in Western countries.

Cancer is a multi-step process, resulting from a serie of accumulating genetic mutations.
Each type of cancer is probably results from a different set of gene mutations. A majority of
patients who were infected with HBV never dies of HCC, suggesting that there are other critical
steps in hepatic carcinocgenesis. Hepatitis B viral genes might be important in introduction of
mutations or inactivation of human genes in liver cells. Identification of inactivated human genes
involved and the role of HBV gene expression and integration will provide important clues to the
pathogenesis of liver cancers.

Treatment of HCC has been difficult. HCC are often resistant to chemotherapy and
radiation. Knowledge in pathogenesis of liver cancer is important for the development of
treatment strategies. Establishment of hepatocellular carcinoma cell culture will allows in-vitro
testing of cancer cells for chemosensitivity and test of novel therapy. Knowledge of molecular
pathogenesis may indicate preventive intervention of future cases of hepatoma in patients with
hepatitis virus infection.

A few oncogenes and tumor suppressor genes have been investigated in HCC. The
protooncogene c-Ha-ras has been shown to be mutated early in carcinogen-induced murine
hepatocellular carcinoma (reviewed in Pascale et al, 1993), but not in rat HCC where it rare and
late events (Watatani et al, 1989)., Ras mutations are rare and uncommon in human (Tada et

al, 1990; Tsuda et al, 1989). The c-Myc amplification is very common in woodchuck HCC



(Moroy et al, 1986), but not in human HCC (Buenda, 1992). The p53 gene, the most commonly
mutated tumor suppressor genes in any human cancer, was shown to be lost in human HCCs
and HCC-derived cell lines (Slagle et al, 1991; Fujimori et al, 1991 ). [t is thought to be a late
event, important in progression into poorly differentiated HCC (Tsuda et al, 1990). There may
be other uncharacterized or uninvestigated genes that are important in the development of
carcinoma.

Partial hepatectomy studies rodents have identified several transcription factors that are
important during hepatic cell regeneration (Xanthopoulos and Mirkovitch, 1993). Members of
transcription factors C/EBP has been known to regulate liver-, adipose-, and myeloid-specific
genes (Friedman et al, 1989; MacDougald and Lane, 1995; Nuchprayoon et al, 1997). In liver,
C/EBP alpha is highly expressed in a terminally differentiated hepatocytes (Birkenmeyer et al,
1989), and sharply declined in regenerating liver and in culture (Mischoulon et al, 1922).
Although C/EBP alpha has not been implicated to be an oncogene or tumar suppressor gene,
its activity correlates with hepatocyte growth and differentiation. Several experiments in
hepatoma cell lines have indicated that C/EBP alpha have antiproliferative effect (Watkins et al,
1996). C/EBP alpha gene transfer using recombinant adenoviral vector reduce the growth of
HCC cell line in vitro (Diehl et al, 1996), suggesting tumor suppressor effect. Thus it is
reasonable to study whether C/EBP aipha might be inactivated in HCC. We will therefore plan
to study the expression of C/EBP alpha in HCC fresh cancerous tissue as well as non-
cancerous neighboring liver tissues.

Tumor suppressors gene inactivation can he from several mechanisms. Deletions and
point mutations are the most common. Recently abnormal methylation was also identified as a
mechanism for. gene activation. Examples are p15 and p16 gene inactivation in leukemia
{(Herman et al, 1996).

Hepatitis B viral genes have been investigated. Integration of woodchuck hepatitis viral
DNA is a prominent finding in the woodchuck HCC model (reviewed in Tenant and Gerin, 1994).
These rare integration events seem to activate a gene at a common site on a chromosome
(Fourel et al., 1980) or are likely to cause genomic instability leading to neoplasia. Only a few
reports about the frequency of viral DNA integration in human HCC exist (Nagaya et al., 1987).
HBV integration sites in human HCC have been reported in involve chromosome 11p13 near
Wilm's tumor gene (Rogler et al, 1985), chromosome 17921 near BRCA1 gene (Bowcock et al,
1993), a site near cyclin A gene (Wang et al, 1990), a site near retinoic acid receptor beta
gene {deThe et al, 1987), a chromosomal translocation 1(17;18)(q21;q11) (Hino et al, 1986),

These reports are from a variety of source of HCC, it is an important question to ask whether



HBV that are prevalent in Thailand frequently cause HCC by integration, and if so, do they

integrate at a common site.



2. szijsuas9n Materials and Methods

I. Specimen collection and DNA extraction

Hepatocellular carcinoma sample wﬂl be collected from surgical hepatectomy. Under
sterile condition, the sample will be grossly examined, part of the tumor will be isolated from the
neighboring liver tissue, cut into 0.5x0.5x0.5 cm cubes, and frozen in liquid nitrogen as soon as
possible. Normal liver tissue will aiso be collected from the same patient. The rest will be sent
to pathologist for histology confirmation.

DNA extraction from liver tissue was performed by grinding frozen HCC or liver tissue in
liquid nitrogen with mortars and pestles to fine powder. The tissue were suspended in
Extraction buffer (10 mM Tris pH7.4, 1% SDS, 10 mM proteinase K) and aliowed digestion
overnight at 50°C, followed by phenol-chloroform extraction, and ethanol precipitation. After
dissolution in 10 mM Tris-EDTA, DNA was guantitated and used for Southern blot assays or
PCR reactions.

Peripheral blood samples were obtained from 36 patients diagnosed with HCC.
Peripheral blood mononuclear cells (PBMC) were isolated using Ficoll-Hypaque gradient, and
frozen before DNA extraction. Serum was separated and frozen at -70°C for later DNA

exfraction.

[I. Southern blot for C/EBP alpha in hepatic tissue.

Human C/EBP alpha genomic DNA-containing plasmid was obtained from Dr. Alan D.
Friedman (:Johhs Hopkins University Oncology Center, Baltimore, Maryland, U.S.A.} A 5-kb
BamH1 digest of C/EBPOL (Figure 1), was labeled with Ot~ P-dGTP by using nick translation
method, and used as a DNA probe in Southern blof assays. Ten microgram of DNA from HCC
and non-cancerous liver tissue from the same patient (liver control) were digested overnight with
BamH1 or Hindll/, resolved on 1% agarose gel at 30V for 12 hours, transferred to Nylon
membrane (HMybond-N+) under 10xSSC, dried and baked at SOOC for 2 hours, then hybridized
with DNA probe at 42°C for 24 hours. The blot was then washed and exposed to phosphor-

imager screen and scanned with Storm T-3 ® densitometer.

III. Southern blot for Hepatits B- s gene in hepatic tissue.




Hepatitis B virus- s gene -containing plasmid (pCMV-HBs) was obtained from Dr,
Watchara Krisanasin (Chiangmai University). A 2.5-kb AHind/fi/ digest of pCMV-HBs (Figure 2)
was labeled with OL-SZP—dCTP by nick translation and used as a DNA probe in Southern blot

assays.

1V. Reverse transcriptase- polymerase assay for C/EBP RNA
A primer pairs CEBPA512F (5-GGAGCGCACGGGCCCCCC-3') and CEBPA1114R (5'-
CGGTCATTGTCACTGGTC-3") primers were used to amplify a C/EBP alpha plasmid (Fig. 1) as

a probe for Northern blot below and also as positive control under various PCR conditions.

V. Northern blot for C/EBP alpha in hepatic tissue,

PCR amplification of C/EBP alpha gene was labeled using North-2-South® non-
radioactive labelling kit {Pierce). Ten microgram of total RNA from HCC and non-cancerous
liver tissue from the same patient (liver control) were resolved on 1% -agarose formaldehyde gel
at 30V for 4 hours, transferred to Nylon membrane (Hybond-N+) under 10xSSC, dried and
baked at 8000 for 2 hours, then hybridized with DNA probe at 42°C for 3 hours. The blot was
then washed and exposed to North-2-South® substrate solution according to manufacturer's
recommendation, and exposed to X-ray film (Kodak XR} for 10 minutes fo 4 hours, and

developed by automated developer.
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Figure 1. Map of human C/EBP alpha containing plasmid

V1. Polymerase chain reaction (PCR) assay for HBs-DNA and HBx DNA

For DNA amplification by nested (PCR) 10-LlU aliquots of the re-suspended DNA
samples wkereﬁ added to 40 LIl of a reaction mixture containing 1.5 U of Tag polymerase
(Pharmacia, Uppsala, Sweden), each of four deoxynucleotide triphosphates {Fromega Corp.,
Madison, WI, USA) at a concentration of 200 LM, primer pairs (Biosynthesis, Lewisville, Texas)
of F1, Re (s gene) or Xo;, Pc, (x gene) (first round) and F,, Rs (s gene) or Xi;, Xi; (x gene)
(second round) 1 UM each, 10 mM Tris/Cl buffer prepared with the required MgCi,-
concentration and sterile H,O a0’ 40 U in 0.2 ml PCR tubes. The reaction mixtures were spun

in a microcentrifuge for 2 sec before being placed in the thermocycler {Perkin Elmer Cetus,

Branchburg, NJ, USA).
The primer sequences were:

F, :5-GGA GCG GGA GCA TTC GGG CCA-3' (nucleotide position 3022-3042).
Rs : 5-GGC GAG AAA GTG AAA GCC TG-3'  (nucleotide position 1103-1084),
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Xo4: 5-CTC TGC CGA TCC ATA CTG C-3' (nucleotide position 1254-1272).
Pcy: 5-GGA AAG AAG TCA GAA GGC-3' (nucleotide position 1974-1956).
F, : 5-CAT CCT CAG GCC ATG CAG TGG A-3' (nucleotide position 3193-3214).
Rs : 5-AGC CCA AAA GAC CCA CAA TTC-3' (nucleotide position 1015-995).
Xiy 1 5-AGC TTG TTT TGC TCG CAG C-3' (nucleotide position 1285-1305).
Xiy: 5-GGC ACA GCT TGG AGG CTT-3' (nucleotide position 1883-1866).

The reaction was then performed using both the first and second round s- and x-gene
primer pairs consecutively for 30 cycles each, preceded by a denaturation cycle at 94° C for 1
min, 55° C for 1 min, and 72° C for 1 min, continued at 94° C for 30 sec, 55  C for 30 sec, and
72° C for 1 min, and concluded by an extension cycle at 94° C for 1 min, 55° C for 2 min, and
72° G for 10 min, respectively.

Upon electrophoresis in a 2% Nusieve agarose gel (FMC Bioproducts, Rockland, ME,
USA) stained with ethidium bromide at 90 V for 80 minutes, the bands indicating the presence
of HBV s and/or x DNA became visible under UV light at 1037 and 596 bp, respectively, after

the second amplification round.

Vil. HBx mutation analysis

Those PCR products revealing the presence of HBx gene were subjected to restriction
fragment length polymorphism (RFLP) analysis using the restriction endonuclease Sau 34/to

investigate the core promoter sites at codons 1762-1764 for potential point mutations (16, 17).

To that end, 15 U of Sau 34/ (New England Biolabs, MA, USA) were added to 10 LUl of the
respective 2™ round PCR products in a reaction buffer supplied by the manufacturer, and
incubated at 37° C for 4 hours. The RFLP products were analyzed by electrophoresis on a 2%
Nusieve gel and their respective sizes compared to those of a suitable nucleotide size marker
(100 bp DNA ladder, Promega Corp., Madison, Wi, USA). The sizes expected were 483 and
113 bp for the 1762/1764 wild type, and 362 and 121 bp for the 1762/1764 mutant, respectively.
(Figure 2)

11
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3. wanlesu Results

3.1 Hepatits B (HB) s DNA & HB-x DNA in HCC and non-cancerus liver tissue

We assessed the presence of HBs & HBx gene in HCC and liver control in six of our
patient samples using a nested-PCR technigue.

HBs and HBx gene PCR products were present in 3 of 5 HCC samples (H1, 2, 8, and
9) and beoth genes were absent in one HCC samples (#HCC3). In one remaining HCC sample
(HCC®8), HBx gene was present albeit weak, but HBs gene was absent (Fig. 1, the lower band
is non-specific). We examined serum and PBMC of this patient (#HCC®8) for presence of HBs
and HBx DNA. We found that HBs was absent in serum and PBMC; however, HBx gene was
present in PBMC, but not in his serum (data not shown). His serum anti-HBc was positive
indicating that he had been previously infected with HBV virus, but had cleared HBsAg and
HBs-DNA from his circulation and liver. Therefore, it is possible that HBx gene remained and

might contribute to development of HCC.

Marker  H1 L1 H2 H3 L3 H6 LG H8 L8 HS9 L9

Figure 1. HBs gene (upper panel) and HBx gene (lower panel) in hepatocellular carcinoma
cells {M) and non-cancerous liver from the same patient (L). The expected 1037-bp HBs and

550-bp HBx PCR products were shown.
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Table 1. Hepatitis B and C serology in patients with hepatocelluiar carcinoma (HCC) and
correlation of HBs and HBx genome in their HCC (tumor) tissue and non-carcinomatous liver

tissue. + = Presence, - = Absence, N/A = data not available.

Speci- serum serum HBs DNA | HBs DNA | HBx DNA | HBx DNA
men {D# HBs-Ag | Anti-HCV | in tumor in liver in tumor in liver

HCCA1 + N/A + + + +
HCC2 + N/A + N/A + N/A
HCC3 - - - - - -
HCC6 - - - - - +
HCC8 + N/A + + + +
HCCS + + + + + +

3.2 Hepatits B (HB) s DNA & HB-x DNA in serum and PBMC of patients with HCC

More evidences are required to confirm whether HBx is relevant to pathogenesis of
HCC; however, the liver specimens are scarce. Therefore, we turned to a more readily
available source of samples, the peripheral blood samples, from patients with HCC, most of
whom were not treated with surgical resection but was confirmed by liver biopsies.

Hepatitis B has previously known to infect only liver cells. However, recent studies has
demonstrated the presence of hepatitis B virus DNA in the sera and PBMC of infected patients
as well. It is not known how viral DNA in PBMC is related to pathophysiology of HBV infection,
but it appears to be a marker of HBV infection.

We ass-essed the presence of HBs & HBx gene in the sera and PBMC of patients with
HCC. Thirty-five samples were classified into 3 groups according to HBsAg and Anti-hepatitis B
- core antibody (Anti-HBc). Patients who is HBsAg and Anti-HBc reactive is considered
persistent to HBsAg infection. Patients who is HBsAg negative but anti-HBc positive is
considered previously infected, but the patient has subsequently cleared HBsAg, probably by
immune mechanism. Patients who are negative for anti-HBc are considered uninfected;
however, it is plausible that the aitered immune response to HBV renders anti-HBc negative.

We found that patients who had persistent HBV infection, HBs-DNA and HBx-DNA were
detectable in PBMC as well as in their serum. In this study, over half of the patients had been
previously infected with HBV but became HBsAg negative and subsequently developed HCC.
This group of patients, despite HBsAg negative, HBx DNA was detectable in a majority of cases

{10 of 15), more frequently in PBMC than in serum (Table 2). All three patients with HBx-DNA
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in serum has detectable HBx-DNA in PBMC as well. Thus these findings support the
hypothesis that HBx may be important for pathogenesis of HCC, regardless of HBsAg or HBs-
DNA status.

Table 2. Hepatitis B serology, HBs (s-DNA) and HBx (x-DNA) genome in serum or peripheral

blood mononuclear cell (PBMC) of patients with hepatocellular carcinoma. N = number

examined,
Serum | Serum Number of Positives |Number of Positives
Status N |HBsAg | Anti- | s-DNA in | s-DNA in | x-DNA in | x-DNA in
HBc serum PBMC serum PBMC
No HBYV infection| 6 | Neg Neg 0 0 0 0
Previous HBY | 15| Neg Pos 0 1 3 10
infection
Persistent HBY |15| Pos Pos 11 10 9 6
infection

3.3 Hepatits B (HB) s DNA & HB-x DNA in serum and PBMC of patients with chronic hepatitis

Chronic hepatitis can be an important predisposition to HCC. As a comparison to HCC,
we examine 31 chronic hepatitis patients, and found that 16 were positive for both HBsAg and
anti-HBc, the remaining 15 were negative for HBsAg (Table 3}). In this HBsAg negative group, 9
were positive for anti-HBc and 4 positive for anti-HCV. Both HBs and HBx DNA were
detectable in most (14 of 18) HBsAg-positive patients, but less commonly (4 of 9) in HBsAg-
negative/ anti—fZIBc-positive group. As a negative control, blood sampies from 20 volunteer blood
donors assayed for HBV genome in similar condition. All were negative for HBsAg, with 7
positive for anti-HBc, and none of which were positive for anti-HCV or has detectable HBV (s or
x) DNA. There were no patients or normal volunteer who were positive for HBsAg but not anti-

HBe.

Among chronic hepatitis patients who are HBsAg positive, most (14 of 16} patients had
detectable HBs gene, usually in both serum and PBMC (11 cases) (Table 3). Of 9 chronic
hepatitis patients who were previously infected with HBV (anti-HBc positive), but were HBsAg
negative, only four cases had detectable serum HBs DNA, and only one case has detectable

serum HBx DNA.
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Table 3. HBV serology, HBs (s-DNA) and HBx (x-DNA) genome in serum or PBMC of patients

with chronic hepatitis. N = number examined.

Serumn | Serum Number of Positives  |Number of Positives
Status N |HBsAg | Anti- | s-DNA in | s-DNA in | x-DNA in | x-DNA in
HBc serum PBMC serum PEMC
No HBV infection| 6 | Neg Neg 0 0 0 0
Previous HBV | 9| Neg Pos 4 2 1 1
infection
Persistent HBV |16| Pos Pos 13 12 11 8
infection N

Analysis of HBx mutation among patients HCC and chronic hepatitis

We analysed the RFLP paftern of HBx from HCC and chronic hepatitis patients who has
detectable HBx DNA in serum and/or PBMC by PCR using restriction enzyme Sau3A/ (Figure
2.) Most (9 of 11) HBx-positive HCC sera were wild type, while the remaining 2 were mutant
HBx genes. Similarly, most {16 of 17) HBx from PBMC preparations were also of wild type,
only cne was mixed type. On the contrary, HBx DNA from sera of chronic hepatitis patients
revealed that 2 were wild type, 5 were mutant, and 6 were mixed type, while 8 PBMC

preparations derived from the same source showed that 1 was wild type, 3 were mutant and 5

were mixed type. (Table 4)
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597
433
362

121,114

Figure 2. HBx gene RFLP analysis. Result of PCR amplification of HBx region from PBMC cr

serum (U), digested with Sau3A (Mu, W). Mutation of HBx at amino acid 130 and 131 (Mu) will
result in a 362 bp + 121 bp bands, while wild type HBx (W) will result in 483 bp + 114 bp
bands. M= 100-bp ladder marker.

Table 4. Frequency of HBx mutation among HBx-positive case

Disease- l Presence of Number of HBx HBx RFLP Type

Group HBx in DNA, positive Wild Mutant Mixed
Chronic serum 13 2 5 6
hepatitis PBEMC 9 1 2 5
HCC serum 11 9 2 0
PEMC 17 16 0 1

3.3 The role of C/EBP alpha gene inpathogenesis of HCC

C/EBP aipha gene has been cloned by two groups of investigators, Antonson and
Xanthopoules in 1995, and Swart ef a/in 1997. C/EBP alpha gene sequence is available from

Genbank and there are some difference in the DNA sequence from both groups, mostly in non-
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coding regions. The genomic DNA sequence is the same as that of cDNA. The location on the
chromosome is on chromosome 19 913.1-13.2

We have been studying C/EBP alpha gene rearrangement using Southern blot technigue
in HCC and liver control samples. The major abstacle to this part of the study was lack of
signals after hybridization. We have excluded the technical hybridization failure by using a dot
blot experiment to which various DNA probe has heen used as well as human genomic DNA,
which was successful although human genomic DNA gave very weak signal. We will make an
attempt to modify probe labeling technique, such as using a random primer labeling to improve
signal detection.

As an alternative way to assess RNA expression, we also designed a primer pair that
wiould amplify specifically C/EBP alpha gene. We are currently optimizing PCR condition using
C/EBP alpha plasmid (between nucleotide 512 and 1114 of C/EBP alpha gene) as positive
control. However, so far we have been unable to obtain a 602-bp predicted amplicon from this
primer pair despite several attempts to optimize the PCR condition.

Northern blot showed low signal in HCC as well as in non-cancerous liver from the
same patient. There is no evidence of differential expression in HCC compared to non-
cancerous liver. These findings make our original hypothesis that C/EBP alpha is an important

tumor suppressor gene unlikely. Therefore further investigation of this gene is unwarranted.
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4. 17 Discussion

C/EBP alpha has been shown to expressed in differentiated liver cells but not
regenerating iiver cells. Despite evidences from gene transfer studies that expression of C/EBP
alpha in hepatic cancer cell lines can inhibit cell growth. Our findings did not support
hypathesis that C/EBP alpha is an important tumor suppressor gene involved in
hepatocarcinogenesis. C/EBP alpha gene is not rearranged in cancer cells compared to non-
cancerous liver form the same person. There was no evidence of differential expression of
C/EBF alpha between cancer cells compared to non-cancerous liver. in addition, other studies
on loss of heterozygosity (LOH) in hepatocellular carcinoma have not reported significant LOH
on chromosome 19p13, the site of C/EBP alpha gene.

We found that C/EBP ailpha RNA is detectable at low level in HCC as well as in non-
cancerous liver from the same patient. There is no evidence of differential expression in HCC
compared to non-cancerous liver. These findings make our original hypothesis that C/EBP
alpha is an important tumor suppressor gene unlikely. Therefore further investigation of this
gene is unwarranted.

In most patients, the non-cancerous part of liver specimens are often cirrhotic. The
Although cirrhotic liver often accompany chronic hepatitis B infection, it is by no means
precancerous lesions. The lack of pre-cancerous lesion make dissection of multi-step tumor
suppressor gene inactivation difficult.

Due to unexpectedly small number of specimens acquisition, further search for more
evidence of C/EBP alpha inactivation or mutation appear not worthwhile. The scarcity of
specimen is due to a change in clinical practice for patients with hepatocellular carcinoma.
Because of the low cure rate, the current recommendation for surgical excision of HCC in our
institution is limited to small tumor size (less than 5 cm). However, this is a relatively
uncommon event, and a few cases turned out not to be HCC, but other metastatic tumor.
When tumor size is greater than 5 cm, transarterial-oily chemoembolization (TOCE) had
become a popular method of treatment to reduce the size of the tumor, and could prolong
survival.

Alternative specimens have been considered, liver biopsies with ‘true cut’ needle biopsy
could yield 1-2 gm of liver specimens, However, since HCC is highly vascular tumor, there is a
significant risk of bleeding with this procedure. In addition, because the consistency of fumor is
not well formed, liver biopsy do not yieid a good solid sample, but rather a mushy sample.

Because of these risks, fine needle biopsies (FNA) had become a popular method for tissue
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diagnosis of liver mass, especially in inoperable cases. FNA is safer, because of less risk of
bleeding. However, FNA yield too small amount of cells and tissue to perform molecular studies
as planned in this project. Therefore, we lost opportunity to study a majority of clinical cases.
Despite our careful attempt to procure specimen by immediately freeze the cancer
sample in liquid nitrogen as soon as it was excised from the patient in operating room, RNA
degradation was present. It is possible that the time taken to dissect cancer and excision from
the normal liver, ranging from 2-4 hours, can cause infarction and necrosis of many cancer cells
in surgical specimens by the time sample is frozen. In this way, a true cut biopsy sample might
have been better, but this method of diagnosis has been abandoned for fear of bleeding. It is
unlikely that the safe and popular method will yield enough samples for RNA analysis using

traditional RNA blot.

Traditionally, it was believed that people who are chronic carriers of hepatitis B, defined
by the presence of HBsAg, are at risk to develop hepatocellular carcinoma. Our results support
the recent findings that in people who are previously infected with HBV, HBV genome can
persist despite clearance of HBsAg (Brechot et al, 1985). This phenomenon could be
explained by mutation of HBs antigen rendering it undetectable by commercially available ELISA
method (Weinberger, Mangold et al 1993). Alternatively, serum HBV DNA in HBsAg-
negative individuals may have resulted from masking of HBsAg in HBsAg - anti-HBs
immunocomplexes (Joller-Jemelka et al 1994). Lastly, HBsAg-expressing liver could have
been cleared by host immunity, while occasional integration of HBV into host genome without
HBs-expression could escape clearance and regenerated.

HBx a;atigens have been detected in many HCC specimens obtained from patients
infected with HBV (Wang et al 1991, Greenblatt et al 1997). HBx gene has been found to
integrate more commonly than S gene (Matsubara et al 1990). After integration, HBx protein
may be involved in liver cell transformation as it has been described as transforming cultured
cells (Shirakata et al 1989, Hohne et al 1990) as well as transgenic mice (Kim et al 1991).
HBx RNA transcript, rather than s- or c-transcript, is found in HCC from HBsAg-negative
patients (Paterlini et al, 1994, Paterlini et al 1995). Because of limited number of our liver
specimens, we can not pursue furthe.l-'. study.

In addition to liver and serum, peripheral blood mononuclear cells, particularly

lymphocytes, have been shown to harbor HBV (Lamelin et al 1995), in patients with acute

and chronic hepatitis (Trippler et al 1999) where it has been shown most heavily in
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monocytes and B-cell. HBV can replicate and transcribe HBx gene in PBMC of patients with
active hepatitis (Stoll-Becker et al 1997). HBV DNA has been found in PBMC of chronic

HBV carriers (Catterall et al 1994). In searching for evidence of HBV genome in serum and
PBMC using nested PCR, special care were taken not to introduce cross-contamination
between samples. Our results were valid because our negative controls: serum and PBMC
from healthy HBsAg-negative volunteer blood donor samples, as well as anti-HBc negative
patient samples, has undetectable HBY DNA. We found that hepatitis B genome, particularly
HBx gene, was detectable more frequently in PBMC than in serum of HCC patients, while HBs
DNA was present more frequently in serum of chronic hepatitis patients. Although there was no
relationship between HBx in PBMC and HBx in hepatic cells, this HBV gene in PBMC could be
a useful marker of persistence of HBY genome in the HBsAg negative patient who were
previously infected with HBV. The relevance of HBx DNA in PBMC as a marker to identify
people at high risk of HCC should be determined in a prospective study.

HBY DNA was not detectable in blood samples of all HBsAg-positive patients. HBV
DNA is probably not related to the pathophysiology of HCC, but rather a marker of persistence
of HBV DNA in these patients. While previous reports noted relationship between HBx DNA in
liver of with HBsAg-negative, HCV positive patients (8), there are too few cases of HCV positive
cases in our study to make any meaningful conclusion. A larger study should be conducted to
determine whether HBx or HCV is a more important contributor to hepatocsllular carcinoma in
HBsAg-negative individuals.

HB x mutation has been frequently reported in HCC and non-cancerous tissue in

patients with HBsAg (Catterall et al 1994) or without detectable HBsAg. The double mutations
Tm32 and A1764 changes codon 130 and 131 of X protein at the region which bind to p53 protein

in the cytoplasm, and prevent apoptosis. This same region also functions as the core promoter
of HBV DNA for precore mRNAs and the pregenome mRNAs (Lopez-Cabrera et ai 1990)

which codes for Hbe antigen. The mutation of this region has been shown to decrease

transcription of the HBeAg precursor (Okamoto et al 1994) While HBx %A mutation in

often found in the carcinomatous liver (Tamori et al 1998), we found that most HBx from PBMC
of our HCC patients were of wild type. However, HBx from PBMC of chronic hepatitis patient
has higher prevalence of the Tﬁe‘?,’Aﬂ64 double mutation, as well as mixed populations of wild
type and mutant among the chronic Hepatitis patients. The significance of this finding is unclear

at present.
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We have attempted to assess the role of HBV integration by using a 2.5 kb DNA
fragment, that covers HBs gene as a probe, to detect integrated HBV genome, by Southern blot
analysis of HCC and liver control. However, we were unable fo obtain a signal from this

experiment. It is possible that there is no integration of HBV, but it is also possible that it is a

technical failure.

In conclusion, our results has shown that presence or absence of MBsAg is an
insufficient indicator with regard to a given individual's risk to proceed towards chronic liver

disease. People who were previously infected by HBV may also be at risk in developing

hepatocellular carcinoma despite HBsAg clearance.
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Wolecular Genetics of Glucose-6-phosphate Dehydrogenase Deficiency

in Thai Population

1. Introduction

Glucose — 6 phosphate dehydrogenase (G6PD) deficiency is the most common disease-
producing enzyme disorder of human being (WHO, 1989). The enzyme G6PD was originally
discovered to be related to the hemolytic anemia in primaquine-sensitive individuais (Carson et
al, 1956, Beutler, 1959). Oxidative drugs, infections and other disorders can induce hemolysis in
G6PD-deficient person as well (Miller 1995). The offending drugs or conditions generate free
radicals and peroxides that attack unsaturated phospholipids of the lipid membrane and
sulfhydryt groups of cellular proteins, which leads to denaturation, precipitation of the
hemoglebin to form Heinz bodies, and eventual hemolysis (Miller 1995). The enzyme G6PD
catalyses the first step in the hexose monophosphate pathway within the cell metabolism. This
will generate NADPH, the reduced form of the cofactor NADP (nicotinamide-adenine

dinucleotide phosphate), which is necessary for protection against oxidative damage of the cell.

In other cell, NADPH can be generated through other alternative system, which does not
totally depend on G6PD, but G6PD is the only source in the erythrocyte (WHO, 1989). Thus
GBPD is vital for life for red blood cells. Only 2% of G6PD is functioning in the normal red cell.
This provides a large scale of reserve for the red cell to cope with the oxidative stress. The
level of the-G6PD decreases as the cell ages, but this reduction does not affect the red cell life
cycle of the normal individual. In contrary to the G6PD deficient cell, the level of the enzyme,
which is low to begin with, diminishes even further, making it inefficient in protection against the
oxidation. Clinically GBPD deficient person may not manifest any catastrophic complication until
encountering oxidative stress that shortening of the red blood ceil life span and hemolysis

OCCurs.

The distribution of GEPD deficiency is warldwide with concentration in the countries
around the Mediterranean, Africa and the Far East (Luzzato, 1975) Migration and intermarriage

have allowed penetration of G6PD deficiency into different geographic areas.
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Four clinical syndromes associated with G6PD deficiency have been identified: oxidative
stress-induced hemolysis (Carson et al, 1956), favism (Beutler, 1959, Luzzato 1975}, neonatal

jaundice (Miller, 1995), chronic congenital hemolytic anemia Luzzato 1975).

Oxidative stress - induced hemolysis. Certain drugs (Beutler, 1994), infections (Chan

1972, Lampe et al 1975) and other conditions (Gellady & Greenwood, 1972), inflict oxidative
injury on the red cell and precipitate hemolysis. The clinical expression of hemolytic anemia
varies among ethnic groups. The variability may be dictated by G6PD variants, genetic
difference of the red blood cell and other environmental triggering factors (WHO working group,
1989).

Favism is the condition of acute hemolytic anemia induced by ingestion of the fava bean
or inhaling the pollen of the bean flower. The clinical spectrum ranges from mild to severe.
Most for the cases of favism occurs in the G6PD Mediterranean individuals (Kattamis et al
1969). Sporadic cases have been observed including the Chinese (Miller 1995) and the person
with G6PDA- (Galiano et al 1990). Sensitivity to fava bean requires G6PD deficiency and some
other factors as well such as genetics (Stammatoyannopoulos et al 1966) and the metabolism of

the active ingredients in the bean.

Neonatal jaundice occurs mostly in the Mediterranean and Asian G6PD deficient infants.

fn Thai, 65% of severe jaundice infants had G6PD deficiency (Phornphutkul et al, 1969).
Hyperbilirubinemia may be severe that kernicterus (Brown & Boon 1968} occurs. Other

exogenous factors as well as genetics affect the risk and severity of jaundice.

Chronic non-spherocytic hemolytic anemia (CNSHA) occurs in person who has inherited

rare mutations. it is manifested by lifelong mild to moderately severe hemolysis. Sixty percent
of the patients are of northern European ancestry, 22% Mediterranean, 16% oriental and 6% are

black (Miller 1995).

G6PD has been studied biochemically, and more than 400 variants have been identified.
Since the molecule was cloned (Persico et al, 1986, Takizawa, 1986) and the sequence of the
entire gene was known (Chen et al, 1991), it is possible to characterize accurately the gene
mutation.  Different biochemical variants may be caused by a single gene mutation, at the

same time one variant may result from several gene mutations (Beutler 1991). Analysis at the
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molecular level has expanded the knowledge about G6FPD extensively and allowed correlation of

the enzyme property, function and clinical phenotype.

The gene of GBPD deficiency is located on the distal long arm of the X-chromosome
and is inherited as X-linked. The male hemizygote (X’Y) and female homozygote (X'X"} have
diminished G6PD activity and are clinically apparent. The female heterozygote (X'X) has two
populations of red blood cell, one of normal G6PD and the other of G6PD deficiency. The
enzyme level is usually intermediate, but the amount of the activity is determined by the
inactivation of the X chromosome bearing either normal or deficient gene. Therefore some of
this heterozygote have normal activity, while some have defect as severe as the male

hemizygote or the female hormozygote (Miller 1995).

The frequency of G6PD deficiency is usually expressed defined as the proportion of
males that is found to be hemizygotes. This figure is considered to be equal to the gene
frequency. The gene frequency varies among different ethnic groups. [t is about 0.5 in Chinese

(Luzzato 1975), 0.10 to 0.11 among black Americans (Heller et al 1979), 0.4 of maie and 0.19

of female Greek infants (Mission-Tsragaraki 1981), and as high as 0.7 in Kurdish Jewsm.

With the advance in molecular study, it is now possible to characterized definitely the
nature of the mutation. More than 60 mutations or combination of mutations have been brought

to light and more is yet to come. Population in the same geographic area shares certain gene

mutation. G6PD Mediterranean (563 C—> T) is prominent in Southern Europe, the middle East

and in the indién subcontinentm. In Asia, several mutations were discovered. G6FPD Gaoche
(95 A—> G, Chao et al, 1991), Chinese-4 (392 G-—>T, Chiu et al, 1993), Chinese-5 (1024
C—>T, Chiu et al, 1993), Union (1360 C—>T, Hsia et al, 1993, Beutler et al, 1992), Canton
(1376 G—> T, Stevens et al, 1992, Chin et al, 1991), Mahido! (487 G-—>A, Vulliiamy et al
1989), Viangchan (871 G—>A, Beutler et al, 1991), Kaiping (1388 G-—>A, Chin et al 1991),
Chinese-3 (493 A—>G, Tang et al, 1992) and Chatam (1003 G—>A, Vulliamy et al, 1988) are
found in China and South East Asia, yvhile G6PD Kerala and Kalyan (948 G—>A, Ahluwalia et
al, 1892), Viangchan, and G6PD Orisa (131 G—>C, Kotea et al, 1999) are found in India and

G6PD Konan and Ube (241 C—>T, Hirono et al, 1993a), Union and Nara (Hirono et al, 1993b)

are identified in Japan.
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G6PD Mahidol, a common G6PD variant among South East Asian countries named
after the university where it was identified biochemically in 1972, was thought to be the most
common G8PD variant in Thailand (Panich et al, 1972). The DNA analysis reveals the position
of the point mutation at nuclectide 487 with substitution of G to A which changed translation of
amino acid 163 from glycine to serine (Vulliamy et al, 1989). With the different ethnic
background and controversial historical root of Thai people, various type of Southeast Asian

gene mutations are yet to be identified.

The heterogenicity of G6PD deficiency prevalence in Thai has been documentsd (Wasi
et al, 1972), 6-8% in the central, 10-15% in the north and 8-24% in the north east and 2.8 —
9.3% in the south of Thailand. In Bangkok the prevalence is as high as 12% (Sasanakul et al,

1989, Tanphaichitr et al, 1995).

Neonatal jaundice has been recognized as the result of GOPD deficiency. The
prevalence and severity are different among different G6PD variants and vary even in the same
ethnic groups (Valaes 1994). Genetic, environmental (Miller 1995) and background ievel of
neonatal hyperbilirubinemia in the population (Valaes 1994) are the possible factors. The
use of moth ball (Valaes et al 1963, Dawson et al, 1958), herbal remedy (Valaes 1994), a dye
mixture to sterilizing the cord {Olowe and Ransome-Kuti, 1980) and Vitamin K analogues (Lucey

and Dolan, 1959) has played an important role.

Hemolysis as the cause of hyperbilirubinemia has been a controversial issue. The
absence of anemia and red blood cell morphology characteristic of hemolysis (Beutler, 1994) do
not support the assumption of erythrocyte destruction as the pathogenesis of hyperbilirubinemia.
Measuring end tidal breath carbonmonoxide, a more accurate and sensitive methed to
determine erythrocyte breakdown (Vreman et al, 1985) did not reveal any significant difference
between the GBPD deficient and normal groups (Seidrman et al, 1995). Jaundice is suggested to
be caused by the impairment of hepatic function, presumable from the G6PD deficiency
(Beutler, 1994). On the other hand, association between the level of carboxyhemoglobin, a
product resulted from the catabolism of heme, and jaundice-related morbidity and mortality were
shown in G6PD deficient Nigerian infants (Slusher et al, 1995). Many factors that determined
the neonatal red blood cell mass and hemoglobin concentration were suggested to produce
variability that masked the effect of mild hemolysis on the hemoglobin concentration and

reticulocytosis (Valese, 1994).
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Severe neonatal hyperbilibubinemia is well known to cause kernicterus and death
{(Maisels, 1994). In Thailand, 18.7% of hyperbilirubinemia is caused by G6PD deficiency
(Tanphaichitr et al, 1985). Phototherapy, exchange transfusion, education and surveillance have

shown to reduce these complications (WHO, 1989).

In summary, a wealth of information is known about the prevalence of G6PD deficiency
in Thailand. However, the details on genetics is lacking. We therefore study G6PD at the

molecular genetics level to define variants in Thailand.,
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2. szilguasive Methods

Umbilical cord blood samples were randomly obtained in delivery room of Chulalongkorn
University Hospital. Five ml of cord blood were mixed with acid-citrate-dextrose (ACD) and
stored at 4°C until assay was done within 3 days of collection. Peripheral blood samples were
obtained from jaundiced newborn from the nursery within the first 7 days of life. Serum total

bilirubin was determined by its optical property using Reichert-Jung unistat bilirubinometer.

DNA was extracted using Qiaquick® Blood DNA extraction kit (Qiagen, Germany)

according to manufacturer’'s recommendation,

G6PD activity assay

G6PD activity assay were performed according to WHO-recommended standard test
(Betke et al, 1967} with minor modification. Two ml of citrated blood were washed with cold
normal saline 3 times with removal of buffy coat. Washed red cell were assayed for hematocrit,
then 50 LU of washed red cell were mixed with 950 |l ddH,0, mixed and frozen at -20 °C for 40
minutes. Lysed red cell were centrifuged at 3000 rpm (5000g) for 20 minutes, hemolysate
supernatant were used for G6PD enzyme assay. Enzyme activity was quantitated by adding 50
Lt of hemolysate to a 850 LUl assay containing buffer (0.1 M Tris-HCI pH 8.0, 0.01 M MgCl,),
Glucose-8-phosphate (0.6 mM, Sigma), and NADP (0.2 mM, Sigma). The rate of NADPH
generation was measured at 340 nm at 30 °C over 10 minutes. The average change of optical

density per minute was calculated to determine activity of the G6PD enzyme

Identification of G6PD mutations

The nine mutations chosen for the study is shown in figure 1. These mutation s are

simitar to the study by Huang (19986).
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“G6PD “G6PD “G6PD “G6PD “G6PD
Gaohe” Mahidol”Chinese-3” Canton” Kaiping”
95 487 493 1376 || 1388
A->G| G->A || A->G G->T || G->A
T

392 || 592 || 1024 || 1360
G->T |C>T | C>T || C->T
“G6PD “G6PD “G6PD  “G6PD

Chinese-4"Coimbra”Chinese-5"Union”

Figure 1. Schematic representation of mutations studied.

Numbers indicated nucleotide (nt)

position on GBFPD cDNA coding sequence. Common names are also given.

For G6PD Viangchan mutation assay, a mutagenic primer pair 5'-

TGGCTTTCTCTCAGGTCTAG-3' and 5'-GTCGTCCAGGTACCCTTTGGGG-3' were used in a

polymerase-chain reaction {(PCR). Cne microliter of purified DNA from blood were mixed, in 50

LU, with 50 ng of each primer, 200 M each dNTP, 10 mM Tris-HCI pH 8.8, 1.5 mM MgCl,, 50

miM KCi, 0.1% Triton X-100, 0.5 U of Fag polymerase {Promega). The PCR amplification was

performed on the DNA thermat cycler for 1 cycle of 95°C for 5 minutes, then 35 cycles of 1 min

at 95 0C, 1 min at 56 oC, 1 min at 72 OC, and final extension at 72 °C for 10 minutes. In 30 LLI

reaction, 25LLl of PCR product was digested with Xbal {Gibco BRL) for 2 hours, then resolved

on 3% agarose gel (Metaphore, FMC Bioproduct, Rockland, ME) containing ethidium bromide.

For nt1311 polymorphism, three primers, G6P10F2 {5-ATGATGACCAAGAAGCC
GGGC-3), 1311TR (6'-CGTCCAGGATGAGGCGCTCA-3') and GBEP12R (5'-CTGCCATA
AATATAGGGGATGGG-3') wers used in a PCR reaction at the same condition above. The PCR

amplification was performed on the DNA thermal cycler for 1 cycle of 95°C for 5 minutes, then

35 cycles of 1 min at 95 oC, 1 min at 68 oC. 1 min at 72 DC). and final extension at 72 °C for 10
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minutes. Twenty-five LU of PCR product resolved on 3% agarose gel (Gibco BRL, Grand Island,

NY) containing ethidium bromide.

Except for G6PD Viangchan (871 G')A), 9 oligonucleotides with natural or

mutagenesis primer set (Table 1) were used for detection of the nine known G6PD mutations

(NSTDA BIOTEC, Bangkok, Thailand). One microliter of purified DNA from blood were mixed, in

50 LU, with 50 ng of each primer, 200 M each dNTP, 10 mM Tris-HCI pH 8.8, 1.5 mM MgCl,,
50 mM KCI, 0.1% Triton X-100, 0.5 U of 7aq polymerase (Promega). The PCR ampiification

was performed on the DNA thermal cycler for 1 cycle of 95°C for 5 minutes, then 35 cycles of

1 min at 95 c'C, 1 min at 55 0C, 1 min at 72 GC, and final extension at 72 °C for 10 minutes. The

PCR product was digested with appropriate restriction enzyme digestion (New England BiolLab)

according to manufacturer's recommendation, then resolved on 3% agarose gel (NuSieve 3:1,

FMC Bioproduct, Rockland, ME) containing ethidium bromide.

Table 1. Primer sets, restriction enzymes, and the results for G6PD mutations

Position  Primer Sequence Restriction Results
(cDNA) names enzymes (bp)
95 95F 5'CTCTAGAAAGGGGCTAACTTCTCAZ' Miui N 198
ADG 95R 5'GATGCACCCATGATGATGAATACG3S M 174+ 24
392 392F 5'GGACTCAAAGAGAGGGGCTGE BstEll N 188+15
G2T 392R 5'GAAGAGGCGGTTGGCCGGTGACS M 203
487 _487F S'GCGTCTGAATGATGCAGCTCTGATS HindIll N 104
GDA 487R 5CTCCACGATGATGCGGTTCAAGCY M 82+22
B 493 493F same as 487F Avall N 120+11
A—>G 493R bH'CTCTGCAGGTCCCTCCCGAAGGGCS M 87+33+11
592 592F 5'GAGGAGGTTCTGGCCTCTACTC3' Pst | N 157+83
c2T 592R B TTGCCCAGGTAGTGGTCGCTGCY M 157+63+20
871 871F 5-TGGCTTTCTCTCAGGTCTAG-3 Xbal N 124
G2A G6PIR 5-GTCGTCCAGGTACCCTTTGGGG-3' M 104+20
1024 1024F 5'GTCAAGGTGT;FGAAATGCATC3’ Mbo |l N 187
C—=>T 1024R 5'CATCCCACCTCTCATTCTCCS' M 150+37
1360 1360F 5’ ACGTGAAGCTCCCTGACGCS' Hha | N 142+45+27
C2T 1360R 5GTGAAAATACGCCAGGCCTTAZ' M 187+27
1376 1376F same as 1360F A N 214

34



G—>T 1376R same as 1360R M 194+20
1388 1388F same as 1360F Nde | N 227
GDA 1388R 5GTGCAGCAGTGGGGTGAACATAZ' M 206+21
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1 Lran
3. Namﬂ‘i‘u Results

PREVALENCE OF G6PD MUTATIONS

All blood samples from GBPD deficient newborn were extracted for genomic DNA and
assessed for specific G6PD mutations using PCR followed by restriction enzyme digestions.
The first mutation assessed in this study is 487 G%A, causing G6PD Mahidol, because it was
thought to be the most common variant among Thai GEPD deficient individuals. The pattern of
PCR ampilification and restriction enzyme digestion is shown in Figure 4. Mutant PCR band will
be digested by restriction enzyme Hindlll and become smaller (82 bp) than normal (104 bp)
band (figure 2, lane 2-4). Of 49 G6PD-deficient cord blood samples, only 3 (6%) was found to
be causing G6PD Mahidol (figure 5).

1 2 3 4 5 § 7 8 9 10
N N 487m N N 1376m N N 1360m
Marker - HindlIl  Hinall - AR ARl - Hhal  Hhal

Figure 2. GBPD mutational assay by PCR-restriction enzyme methods. Using 100-bp ladder as
molecular weight marker (lane 1) with lowest band corresponding to 100-bp, PCR was
performed on genomic DNA from-normal non-GG6PD deficient control (N) or known G6PD
mutant (m) at various nucleotide (only 487, 1376, and 1360 mutant was shown) using PCR
primers 487F and 487R (lane 2-4), 1376F and 1376R {lane 5-7), 1360F and 1360R (lane 8-10),

followed by restriction enzyme digestion.
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primers 487F and 487R (lane 2-4), 1376F and 1376R (lane 5-7), 1360F and 1360R {lane 8-10),

fotlowed by restriction enzyme digestion.

Lane q 2 3 4 5 6 7
é‘Contro!‘) éFemale% é Male 9

Marker Uncut  Xbal Uncut Xxbat Uncut  Xbal

'Figure 3. PCR-restriction enzyme assay for G6PD Viangchan. PCR was performed on genomic
DNA from normal known G6PD Viangchan (control, lane 2& 3) showed a 126-bp band that
reduce to 106 bp after Xbal digestion. Female heterozygote (lane 4 & 5) show both 126- and
106-bp bands after Xbal digestion.

To search for mutations in remaining samples, we first PCR amplify exon 9 and
determined the sequence. We found a point mutation at nt 871 (A%G) in this sample. The
point mutation at nt871 has been reported and named G6FD Viangchan and was found in
Laotians & Filipinos in Hawaii (Hsia et, 1993). Therefore this could be common mutation amang
Thais. We therefore developed a PCR-based assay for G6PD Viangchan using a mutagenic 5'-
primer (871F) and a reverse primer (G6PD9R) to amplify exon 9, which will result in 126-bp
amplicon. Restriction enzyme Xbal digestion will cleave mutant, but not wild-type amplicon, to
106-bp (Figure 3) To distinguish G6PD Viangchan from G6PD Jammu, which differs at a
polymorphism at nt 1311, an allele-specific oligonucleotide primers set was used (see materials
and methods). We found that in all samples with 871 G A, nt 1311 was T, consistent with
G6PD Viangchan. (Figure 4) Using this PCR-based assay, G6PD Viangchan was identified in
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21 of 39 male cord blood samples (53.8%) (Figure 5, Table 2) Approximately half of GEPD

Viangchan has undetectable cord blood GEPD activities.

Lane 1 2 3 4 5 6

Marker  Neg & G871A > G487A G1376T

Figure 4. Assay for nt1311 polymorphism. PCR was performed on gehomic DNA from G6PD
Viangchan (lane 3&4) showed a 160-bp band from 1311T-allele specific primer pairs while other

G6PD mutations showed a 360-bp band from outside primer pairs.
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Figure 5. Prevalence of each G6PD mutation among 49 G6PD-deficient cord blood sample.

Unknown
26%

G6PD Viangchan

GEPD Union/
(1360) o {871)
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G6PD Kaiping
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9y, {487)
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Figure 8. Prevalence of each G6PD mutation among 34 G6PD-deficient jaundiced newborns.
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Table 2. Prevalence of G6PD mutations and their activity from male G&PD-deficient cord blood

samples or peripheral blood sample from male with necnatal jaundice.

Cord blood Neonatal jaundice
GBPD  activity GBPD  activity
Mutation Number (U7 100 ml RBC) (IU/ 100 ml RBC)
(%) Median Range Number Median Range
(%)

871 (GEBPD Viangchan) | 21 (53.8%) 39 00-342 | 12 (60.0%) 4.7 0.0-535
1376 (G6PD Canton) | 4 (10.3%) 12.8 48-517 | 2{10.0%) 9.7 71-123
487 {(G6PD Mahidol) 3 (7.7%) 38 0.0-14.5 1 (5.0%) 29 -
1388 (G6PD Kaiping) | 2 (5.1%) 3.1 0.0-8.1 1 (5.0%) 37.7 -

1360 (GBPD Union) 1 (2.6%) 0.0 - 1 (5.0%) 0.0 -
1024 (G8BPD 1 {2.6%) 16.4 - 0 - -
“chinese-5"}

Unknown 7 (17.9%) 0.0 0.0-315 | 3{15.0%) | 0.0 0.0-57
Total 39 (100%) 20 (100%)

Of 10 GBPD-deficient female cord blood sample, 6 were GBPD Viangchan, while 4

remained unidentified. All female samples were most likely heterozygote since residual G6PD

activity were found, ranging from 19.8 to 55.8 [U/100 ml RBC and amplicon was partially

digested (Figure 2.) Similarly, among 7 sampies from G6PD-deficient female with neonatal

jaundice, 4 were G6PD Viangchan.
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4, 5971504 Discussion

We have identified G6PD Viangchan as the most common variant in Thai population.
With 21 cases identified among 350 male cord blood samples, the gene frequency of G6PD
Viangchan in Thai population is calculated to be 0.08. Consistent with this finding, heterozygous
deficient female are also found in 6 out of 172, indicating that some female heterozygote for
G6PD Viangchan is not in deficient range.

G6PD Viangchan was first characterized biochemicaily in 1988 from patients in Laos.
This G6PD variant was found to be a WHOQ class 2, or severely deficient, variant. G6PD
Viangchan was subsequently defined molecularly to be a nuclectide 871G")A, predicting an
amino acid 291 substitution from Val to Met. Nucleotide substitution 871G A is also found in
GBPD Jammu which was found in patient from India. These iwo variant differs at a nucleotide
1311 polymorphism, where it is C in G6PD Jammu, and T in G6PD Viangchan. (Beutler et al,
1981)

G6PD Viangchan has been reported to be a common variant among Laotian people (5
of 9 GBPD-deficient subjects) based on a small transplanted popuiation in Hawaii (Hsia et al,
1993). The finding that gene frequency of G6PD Viangchan is high in Thais and Laotians
support the common ancestry of these to ethnic group. in contrast, G6PD Viangchan is found in
10% of Filipinos (6 of 53) (Hsia 1993), and only rarely in Chinese population, only 1 in 112
GePD-deficient male neonate (Huang et al, 1996).

In contrast to previous study (Panich 1972), we did not find G6PD Mahidol to be the
most common G6PD variant in Thailand. G6PD Mahidol was named after the university where it
was identified biochemically in 1972, and assessed to be a mild (WHO class 3) variant. Among
22 patients with acute hemolysis, G6PD Mahidol was identified in most cases. Subsequently,
DNA analysis identified point mutation at nucleotide 487 with substitution of G to A which
changed translation of amino acid 163 from glycine to serine (Vulliamy et al 1989). Based on
molecular analysis used in our study, we found GE6PD Mahidol in iess than 10% of G6PD-
deficient population. it remains possible that G6PD Mahidol is associated with only episodic
hemolysis. The ease of PCR-based asssay would allow us to study this mutation in hemolytic

patients in the subsequent study.

GBPD Canton was the most prevalent (50%) in chinese, and is found to be the second

most common variant (10%) in our study. This subpapulation could be descendant of chinese
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imrnigrant in to Thai population. The cother less common chinese variants, GEPD Kaiping,

G6PD Union, and G6PD “chinese-5" were aiso identified in the proportionately smalier number.

In contrast to GEPD Canton, which was shown to be related to severe
hyperbilirubinemia (Huang et al, 1996), there is no trend toward a relationship between G6PD
Viangchan and hyperbilirubinemia. The proportion of this to other mutations in G6PD deficient
jaundiced newborn is similar to that found in general population, implied by cord blood study.
Similar to G6PD deficiency at large, G6PD Viangchan contribute to a relatively late onset of
hyperbilirubinemia. The level of bilirubin and date of onset is indistinguishable from other

mutations.
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Background/Aims: Most patients with hepatocellular carcinoma (HCC) in
Thailand have been infected with hepatitis B virus. Some of these patients are
HBsAg negative, but it is not known whether hepatitis B viral genome is still
present in these patients and contribute to hepatic carcinogenesis.

Methodology: We investigated sera and peripheral blood mononuclear cells
(PBMC) of 36 HCC and 31 chronic hepatitis patients, by serclogy and by nested
PCR of HBV DNA: hepatitis B- s gene (HBs) and x gene (HBx}, and RFLP for the
T 1762 / A 1764 mutation in the core promoter.

Results: In HBsAg-negative patients who has positive anti-HBc, HBx DNA were
detectable detectable in PBMC or serum of 10 of 15 HCC, but only 1 of 9 chronic
hepatitis patients. HBx DNA were detectable in PBMC in some (6 of 15) HBsAg-
positive, and most readily (10 of 15) HBsAg negative anti-HBc positive HCC.
RFLP analysis showed that most HBx were also of wild type, only one was mixed
wild type and mutant.

Conclusion: Presence or absence of HBsAg is an insufficient indicator with
regard to a given individual's risk to proceed towards chronic liver disease.
People who were previously infected by HBV may also be at risk in developing

hepatocellular carcinoma despite HBsAg clearance.

INTRODUCTION

Hepatitis B virus (HBV) infection constitutes a major public health burden on a
global scale as it has been found responsible for chronic liver disease such as
chronic hepatitis, cirrhosis and hepatocellular carcinoma (HCC) (1). It is believed
that people who acquired HBV infection during infancy (2) or in the course of
delivery are at high risk of progression towards chronic carriage and subsequent

cirthosis and/ot HCC (3).



The worldwide carrier rate of HBV has been conservatively estimated at 5%, or
350 million individuals, with highest prevalence in Southeast Asia and sub-
Saharan Africa where it has been established at between & and 35% (4). The
high carrier rate in these countries is most likely due to vertical (perinatal}
transmission or early horizontal transmission within extended families or among

pre-school children (5).

In Europe and Japan, where most HCC are negative for HBsAg, hepatitis C virus
(HCV) is most frequently found as the causative agent of chronic liver disease (6,
7). However, recent report showed that in HBsAg negative, HCV positive
patients, HBV genome could be demonstrated in the cancerous liver of many
patients (8). Among HBV genes, the X protein (HBx) is most important in hepatic
carcinogenesis (9). HBx protein is highly conserved among all knowrn HBV
subtypes, is multifunctional and is capable of transactivation (10). The HBx
protein can stimulate the promoter of the HBV genome itself, as wel as
numerous other viral promoters and an array of cellular genes (9,10). HBx has
also been shown to impair p53 function (11,12), as well as stimulating cellular
gene expression through activation of several protein kinases (14). Moreover, the
oncogenic potential of HBx has become evident by its capacity to transform
rodent cells in vitro {11) and, as a transgene, to induce hepatocellular carcinoma

in mice (12).

The current method of choice to detect HBV infection is serum hepatitis B
surface antigen (HBsAg) along with serum antibody to hepatitis B core protein
{anti-HBc). It is commonly iﬁterpreted that clinically asymptomatic individuals
found to express anti-HBc but lacking HBsAg have been infected with HBV in
the past but succeeded in clearing the virus, whereas those positive for both

anti-HBc and HBsAg were considered chronic carriers. However, recent study



using polymerase chain reactions (PCR} could detect HBV DNA in blood from a
large number of hemodialysis patients even if they are HBsAg-negative,
suggesting that the viral DNA may persist for several years after acute hepatitis
B has been resolved (13).

In contrast to Western countries, HCC is the most common cancer among Thai
male (14). In a previous study aimed at determining the major etiologic factors
responsible for HCC in Thailand, an area endemic for HBV infection, our group
has established the prevalence of HBV at 66%, contrasted by that of HCV 14%
{14). The role of hepatis B viral genome has not been investigated in patients
with hepatocellular carcinoma, particular in HBsAg negative HCC cases. We
therefore investigate presence of HBs and HBx DNA in ouwr HCC patients.
Because of liver specimen scarcity, we searched for evidence of HBV genome in
the serum and PBMC in patients with chronic liver disease ranging from chronic
hepatitis to HCC, and along with their HBsAg and anti-HCV serology. We
detected HBV genome in many HBsAg-negative sera and PBMC, and

investigated mutation of HBx in these specimens.

MATERIALS AND METHODS

Population Studied

Two groups of patients admitted to Chulalongkorn University Hospital between
August 1997 and October 1999 were included in the study. The first group

comprised 36 patients with HCC diagnosed on the basis of histopathology and/or

serum  COl-fetoprotein levels above 400 U/ml with liver tumor evidenced on
scintigraphy. The second group included 31 chronic hepatitis patients diagnosed
on the basis of histopathology_from liver biopsy and/or persistently elevate serum
aminotransferases. Twenty healthy vcluntary blood donors presented at the
National Blood Center between October and November, 1999 were randomly

selected and blood specimens served as negative controls.



All individuals were informed the objective of the study and provided their
consent. Peripheral blood was obtained during examinations, administering
ethylenediaminetetraacetic acid (EDTA) as anticoagulant for PBMC separation, as

well as clotted blood for serum analysis.

Laboratory Methods

Serology

All sera were subjected to enzyme linked immunosorbent assays (ELISA) for
detection of HBsAg, anti-HBc (Human Gesellschaft fur Biocchemica und
Diagnostica mbH, Germany) and anti-HCV (third-generation test, Abbott
Laboratories, North Chicago, 1ll.) using commercially available test kits according

to the manufacturer's specifications.

PBMC separation

Sera were obtained by centrifugation of the clotted blood at 1,500 rpm for 10
minutes (Beckman refrigerated centrifuge). PBMC were separated by spinning the
EDTA-treated blood on a Ficoll-Hipaque (Pharmacia, Uppsala, Sweden) gradient
at 2500 rpm at 4° C for 15 minutes (Beckman refrigerated centrifuge), followed by
four consecutive washing steps with phosphate buffered saline {(PBS) at 2500 rpm
at 4° C for 15 minutes each. In previous studies the washing buffer remaining
after the final washing step had also been subjected to PCR in order to examine
the piasma for HBV DNA contamination (15,16). Based on the negative results
then obtained in the present study we did not perform PCR on this buffer but
instead, kept it at -70° C. The PBMC thus obtained were suspended in 1 ml PBS
and after staining with methylene blue, their respective concentration was
determined in an improved Neubauer ruling chamber. All specimens were kept at

~70° C until further analysis.

Liver tissue DNA extraction



Liver tissue was obtained from surgical resections. As soon as liver tissue is
removed from the patient, carcinomatous part and non-carcinomatous part were
dissected and frozen separately in aliquots and kept in lquid nitrogen. DNA
extraction from liver tissue was performed by grinding frozen HCC or liver tissue
in liquid nitrogen with mortars and pestles to fine powder. The tissue were
suspended in extraction buffer (10 mM Tris pH7.4, 1% SDS, 10 mM proteinase K)
and allowed to digest overnight at 50°C, followed by phenol-chloroform extraction,
and ethanol precipitation. After dissolution in 10 mM Tris-EDTA, DNA was

quantitated and used for PCR reactions.

HBV DNA extraction

DNA was extracted from sera and PBMC by incubating the respective samples in
Tris/SDS-buffer containing proteinase K, followed by phenol/chloroform extraction
and ethanol precipitation. Pellets were re-suspended in 20 Ll sterile water each
and directly subjected to the polymerase chain reaction (PCR).

For DNA amplification by nested (PCR) 10-JUl aliquots of the re-suspended DNA
samples were added to 40 |l of a reaction mixture containing 1.6 U of Tag
polymerase {(Pharmacia, Uppsala, Sweden), each of four deoxynucleotide
triphosphates (Promega Corp., Madison, WI, USA) at a concentration of 200 [AM,
primer pairs (Biosynthesis, Lewisville, Texas) of F,, R, (s gene) or Xo,, Pc, (x gene)
(first round) and F,, R; (s gene) or Xi,, Xi, (x gene) (second round} 1 UM each, 10
mM Tris/Cl buffer prepared with the required MgCl,-conicentration and sterile
E,O ad 40 LU in 0.2 ml PCR tubes. The reaction mixtures were spun in a
microcentrifuge for 2 sec before being placed in the thermocycler (Perkin Elmer

Cetus, Branchburg, NJ, USA). .

The details of primer sequences used in this study were derived from HBV DNA
sequence as follows:

F, :5-GGA GCG GGA GCA TTC GGG CCA-3 (nucleotide position 3022-3042).



R, : 5-GGC GAG AAA GTG AAA GCC TG-3  (nucleotide position 1103-1084).
Xo,: 5-CTC TGC CGA TCC ATA CTG C-3 (nucleotide position 1264-1272).
Pc;: 5-GGA AAG AAG TCA GAA GGC-3 (nucleotide position 1974-1956).
F, : 5-CAT CCT CAG GCC ATG CAG TGG A-3 (nucleotide position 3193-3214).
R, : 5-AGC CCA AAA GAC CCA CAA TTC-3 (nucleotide position 1015-995).
Xi, : 5-AGC TTG TTT TGC TCG CAG C-3' {nucleotide position 1285-1305).
Xiy 5-GGC ACA GCT TGG AGG CTT-3 {nucleotide position 1883-1866).
The reaction was then performed using both the first and second round s- and x-
gene primer pairs consecutively for 30 cycles each round, at 94° C for 1 min, 55°
C for 1 min, and 72° C for 1 min, for the first round, then continued at 94° C for
30 sec, 556° C for 30 sec, and 72° C for 1 min, for the second round, then
concluded by an extension cycle at 94° C for 1 min, 55° C for 2 min, and 72° C for
10 min, respectively. Upon electrophoresis in a 2% Nusieve agarose gel (FMC
Biooroducts, Rockland, ME, USA), stained with ethidium bromide, at 90 V for 80

minutes, the bands indicating the presence of HBs and/or x DNA became visible

under UV light at 1037 and 596 bp, respectively.

Restriction Fragment Length Polymorphism (RFLP)

Those PCR products revealing the presence of HBx gene were subjected to
restriction fragment length polymorphism (RFLP) analysis using the restriction
endonuclease Sau 3AI to investigate the core promoter sites at codons 1762-1764
for potential point mutations (16, 17). To that end, 15 U of Sau 3AI (New England
Biclabs, MA, USA) were added to 10 LU of the respective 2™ round PCR products
in a reaction buffer supplied by the manufacturer, and incubated at 37° C for 4
hours. The RFLP products Wer_é analyzed by electrophoresis on a 2% Nusieve gel
and their respective sizes compared to those of a suitable nucleotide size marker

(100 bp DNA ladder, Promega Corp., Madison, WI, USA). The sizes expected were



483 and 113 bp for the 1762/1764 wild type, and 362 and 121 bp for the 1762/1764

mutant, respectively. (Figure II)

RESULTS
it i in ; negativ

Using PCR for HBx and HBs gene to amplify DNA from hepatocellular carcinoma
(H) and non-cancerous (L) liver from the same patient (Fig 1), we demonstrated
HBs and x gene in known HBsAg positive patients {(case 1, 2, 8, 9). In two
HBsAg negative patient, one has no detectable HBV genome {case 5), the other
patient (case 6) has no detectable HBs DNA but detectable HBx DNA in the non-
cancerous liver. In this patient, whose serum and peripheral blood mononuclear
cell (PBMC) was available for study, HBx but not HBs DNA was detectable in
DNA extract from PBMC {(data not shown), but not serum. The finding of HBx
DNA in liver and PBMC of this patient suggested that HBV DNA may persist in

liver and bloecd samples of some HBsAg-negative patient who developed HCC.

Because of scarcity of HCC liver specimens, we further searched for evidence of
HBV genome in blood samples of HCC patients who were not qualified for
surgical treatment, compared with a group of patient with chronic hepatitis, as
well as blood samples from volunteer donor as a control group. Blood samples
were separated into serum and peripheral blood mononuclear cells and assayed
for HBs and HBx DNA separately. Serum from each patients were also tested for
HBsAg, anti-HBc antibody, and anti-HCV, and patients are classified into three
groups according to their serological results: chronic hepatitis B carriers (HBsAg-
positive, anti-HBc positive), ;;revious HBV infected patients (HBsAg-negative,
anti-HBc positive}, and patients with no HBV infection (HBsAg-negative, anti-

HBc negative).



Among 36 HCC patient, 15 were attributed to HBV as they were serologically
positive for both HBsAg and anti-HBc, with one patient also positive for anti-
HCV. In this group, HBV~ s and/or x gene were detectable in all but two cases
(Table I}. In the remaining 21 HBsAg-negative HCC cases, 15 were previously
infected with HBV (positive for anti-HBc). Among these HCC patients with
previous HBV infection, HBV-X gene was detectable in two-third of their blood
specimens despite HBsAg negativity. Evidence of hepatitis C infection (anti-
HCV) is found in 7 cases of this HBsAg-negative group and seems to be an

independent finding (data not shown).

Among the 31 chronic hepatitis patients, 16 were positive for both HBsAg and
anti-HBc, the remaining 15 were negative for HBsAg (Table I). In this HBsAg
negative group, 9 were positive for anti-HBc and 4 positive for anti-HCV. Both
HBs and HBx DNA were detectable in most (14 of 16) HBsAg-positive patients,
but less commonly (4 of 9) in HBsAg-negative/ anti-HBc-positive group. All the 20
volunteer blood donors were negative for HBsAg, with 7 positive for anti-HBc,
and none of which were positive for anti-HCV or has detectable HBV (s or x)
DNA. There were no patients or normal volunteer who were positive for HBsAg

but not an;i—HBc.

Hepatitis X gene is prevalent in PBMC of HBsAg-negative patients with HCC but
hronic liver di
Among the 15 serclogically HBsAg positive HCC patient samples, HBs DNA is
detectable by PCR, either in the sera only (2 cases), PBMC only (1 case) or both
(9 cases). HBx DNA is detectable mostly in the sera only {6 cases), PBMC only (3
cases) or both (3 cases) (Tal?ie ). Of 15 HCC patient who were previously
infected with HBV but were HBsAg negative, HBs DNA were detectable in
PBMC preparation from only one case. In contrast, HBx DNA, were readily

detectable in sera and PBMC in 3 cases, and PBMC only in 7 cases.
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Among chronic hepatitis patients who are HBsAg positive, most (14 of 16)
patients had detectable HBs gene, usually in both serum and PBMC (11 cases)
{Table T). Of 9 chronic hepatitis patients who were previously infected with HBV
{anti-HBc positive), but were HBsAg negative, only four cases had detectable

serum HBs DNA, and only one case has detectable serum HBx DNA.

We analysed the RFLP pattern of HBx from HCC and chronic hepatitis patients
who has detectable HBx DNA in serum and/or PBMC by PCR using restriction
enzyme Sau3Al. Most (9 of 11} HBx-positive HCC sera were wild type, while the
remaining 2 were mutant HBx genes. Similarly, most (16 of 17) HBx from PBMC
preparations were also of wild type, only cne was mixed type. On the contrary,
HBx DNA from sera of chronic hepatitis patients revealed that 2 were wild type,
b were mutant, and 6 were mixed type, while 9 PBMC preparations derived from
the same source showed that 1 was wild type, 3 were mutant and 5 were mixed

type. (Table I)

DISCUSSIONS

Traditionally, it was believed that people who are chronic carriers of hepatitis B,
defined by the presence of HBsAg, are at risk to develop hepatocellular
carcinoma. Our results support the recent findings that in people who are
previously infected with HBV, HBV genome can persist despite clearance of
HBsAg (18). This phenomenon could be explained by mutation of HBs antigen
rendering it undstectable by .'c‘:ommercially available ELISA method (19,20).
Alternatively, serum HBV DNA in HBsAg-negative individuals may have resulted
from masking of HBsAg in HBsAg - anti-HBs immunocomplexes (21). Lastly,

HBsAg-expressing liver could have been cleared by host immunity, while
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occasional integration of HBV into host genome without HBs-expression could

escape clearance and regenerated.

HBx antigens have bheen detected in many HCC specimens obtained from
patients infected with HBV (22,23). HBx gene has been found to integrate more
commonly than S gene (24}, After integration, HBx protein may be involved in
liver cell transformation as it has been described as transforming cultured cells
(25,26) as well as transgenic mice {27). HBx RNA transcript, rather than s- or ¢-
transcript, is found in HCC from HBsAg-negative patients (28-29). Because of

limited number of our liver specimens, we can not pursue further study.

In addition to liver and serum, peripheral blood mononuclear cells, particularly
lymphocytes, have been shown to harbor HBV (30), in patients with acute and
chronic hepatitis (31) where it has been shown most heavily in monocytes and B-
cell. HBV can replicate and transcribe HBx gene in PBMC of patients with active
hepatitis (32). HBV DNA has been found in PBMC of chronic HBV carriers (33)
as well as in some HBsAg-negative hemodialysis patients (13). In searching for
evidence of HBV genome in serum and PBMC using nested PCR, special care
were taken not to introduce cross-contamination between samples. Our results
were vaﬁd because out negative controls: serum and PBMC from healthy HBsAg-
negative volunteer blood donor samples, as well as anti-HBc negative patient
samples, has undetectable HBV DNA. We found that hepatitis B genome,
particularly HBx gene, was detectable more frequently in PBMC than in serum of
HCC patients, while HBs DNA was present more frequently in serum of chronic
hepatitis patients. Although there was no relationship between HBx in PBMC and
HBx in hepatic cells, this HBV gene in PBMC could be a useful marker of
persistence of HBV genome in th—e HBsAg negative patient who were previously
infected with HBV. The relevance of HBx DNA in PBMC as a marker to identify
people at high risk of HCC should be determined in a prospective study.
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HBV DNA was not detectable in blood samples of all HBsAg-positive patients.
HBV DNA is probably not related to the pathophysiology of HCC, but rather a
marker of persistence of HBV DNA in these patients. While previous reports
noted relationship between HBx DNA in liver of with HBsAg-negative, HCV
positive patients (8), there are too few cases of HCV positive cases in our study
to make any meaningful conclusion. A larger study should be conducted to
determine whether HBx or HCV is a more important contributer $o hepatocellular

carcinoma in HBsAg-negative individuals.

HB x mutation has been frequently reported in HCC and non-cancerous tissue in
patients with HBsAg (34) or without detectable HBsAg (8). The double mutations
T and A™ changes codon 130 and 131 of X protein at the region which bind
to p5b3 protein in the cytoplasm, and prevent apoptosis (35). This same region also
functions as the core promoter of HBV DNA for precore mRNAs and the
pregenome mRNAs (36,37) which codes for Hbe antigen. The mutation of this
region has been shown to decrease transcription of the HBeAg precursor (38)
While HBx T"°%/A"™ mutation in often found in the carcinomatous liver (8), we
found -that most HBx from PBMC of our HCC patients were of wild type.
However, HBx from PBMC of chronic hepatitis patient has higher prevalence of

the T'°YA

7 double mutation, as well as mixed populations of wild type and

mutant among the chronic hepatitis patients. The significance of this finding is

unclear at present.

In conclusion, our results has shown that presence or absence of HBsAg is an
insufficient indicator with regard to a given individual's risk to proceed towards
chronic liver disease. People who were previously infected by HBV may also be

at risk in developing hepatocellular carcinoma despite HBsAg clearance.
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Marker H1 L1 H2 H3 L3 HE L6 H8 L8 H8 1S

Figure I. Gel electrophoresis of HBs- (upper lanes) and HBx-DNA (lower lanes) in
hepatocellular carcinoma (H) and non-carcinomatous liver from the same patient
(L). Number indicate case number. PCR-amplified HBs band is 1037-bp, and HBx
band 1s 596 bp.
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Figure . Metaphor gel electrophoresis of the HBx DNA from samples of hepatitis

B virus, after restriction-fragment-length-polymorphism (RFLP) analysis
using Sau3A I The photograph shows Sau3A [ restriction patterns of
PCR products. [Molecular weight markers (M), undigested PCR product
(U), mutant type T A 7 (Mu) and wild type A 7% G 7% (W)



Table 1. Detection of hepatitis B viral DNA in chronic liver disease

patients compared with voluntary blood donors, classified by disease and

hepatitis B serclogy. The total (N) and number of cases with detectable

HB-s DNA (S only), HB-x DNA (X only), HBs- and HBx DNA (Both) or

undetectable (None} HBV DNA by PCR, or positive for anti-hepatitis C

virus antibody (Anti-HCV) are presented.

Number of cases with HBV Anti-HCV
DNA
Group N | None | S only | X only | Both +ve
Hepatocellular carcinoma
HBsAg+ve, Antiq 15 2 1 1 11 1
HBc+ve
HBsAg-ve 21 8
and Anti-HBc¢ +ve 15 4 1 10 0 7
and Anti-HBc -ve 6 0 0 0 0 1
Chronic Hepatitis
HBsAg+ve, Anti{ 16 2 0 0 14 0
HBc+ve
HBsAg-ve 15 4
and Anti-HBe¢ +ve 9 5 3 0 1 3
and Anti-HBc -ve 6 6 0 0 0 1
Blood donor HBsAg-ve | 20 | O 0 0 0 0




Table II. Detection of hepatitis B viral DNA in patients who has previous HBV
infection (Anti-HBc positive), in the serum or peripheral blocd mononuclear cell

(PBMC).

Presence of Presence of
HBs-DNA in HBx-DNA in
Group N |Serum |PBMC | Both | Serum | PBMC | Both
Hepatocellular carcinoma
HBsAg+ve 156 2 1 9 6 3 3
HBsAg-ve 16 0 1 0 0 7 3
Chronic Hepatitis
HBsAg+ve 16 2 1 11 6 3 5
HBsAg-ve 9 2 1 1 0 0 1




22

Table III. Frequency of core promoter mutants among HBx-DNA positive chronic

liver disease patients.

Number of HBx-DNA
HBx-DNA RFLP type
positive Wild | Mutant | Mix
Chronic hepatitis (n=31)
Serum HBx-DNA 13 2 5 6
PBMC HBx-DNA 9 1 3 5
HCC (n=36)
Serum HBx-DNA 11 9 2 0
PBMC HBx-DNA 17 16 0 1
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Short Title: G6PD Viangchan in Thai population

Communicated by < Please don 't entfer>

Glucose-6-phosphate dehydrogenase ‘SG6PD)deficiency is the most common
inherited disorder in human. G6PD deficiency is a common cause of
neonatal hyperbilirubinemia. We conducted a population study for G6PD
deficiency using cord blood quantitative G6PD assay in Bangkok, Thailand
and found that the prevalence of G6PD deficiency is 11.1% in Thai male
(N=350) and 5.8% in female (N=172) cord blood samples. Among neonates
with ha’ erbilirubinemia, the prevalence of G6PD deficiency is 22.1% in male
(N=14 )pand 10.1% in female (N=89). We developed a PCR-restriction
enzyme-based method to identify G6PD Viangchan (871G>A), and searched
for this and 9 other mutations in DNA extract from G6PD deficient blood
samples. We found that G6PD Viangchan I(87 1G>A) is the most common
mutation identified (54%, 21 of 39 mqles? ollowed by G6PD Canton
1376G>T, 4 cases, 10%), G6PD Mahidol (487G>A cases, 8%), G6PD
ai igg 1388G>A, 2 cases), G6PD Union (1360C>T) and “Chinese-5”
(1024C>T, 1 case eacl;?_an | 8 cases (17%) remained unidentified. Among
neonates with hyperbilirubinemia, G6PD Viangchan is also most commonl
identified (60%, 12 of 20 males), followed by G6PD Canton (2 cases), G6P
Mabhidol, G6PD Union, G6PD Kaiping (1 case each), and 3 cases remained
uniden.tii'ied. In conclusion, G6PD Viangchan is the most common mutation
in Thai population. This mutation, together with G6PD Mahidol and G6PD
Canton, are responsible for over 70% of G6PD deficient variants in Thais.
Together with data from other Southeast Asian ethnic group such as
Laotians, G6PD Viangchan (871G>Aéis the most common variant in non-
chinese Southeast Asian population. © 2001 Wiley-Liss, Inc.

KEY WORDS: G6PD mutation, Thai

INTRODUCTION

Glucose — 6 phosphate dehydrogenase (G6PD, MIM # 305900) is an enzyme in
hexose monophosphate pathway. G6PD deficiency is the most common disease-
producing enzyme disorder of human (WHO, 1989). Four clinical syndromes
associated with G6PD deficiency have been identified: oxidative stress-induced
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hemolysis (Carson et al, 1956, Beutler 1959), favism, neonatal jaundice, chronic
non-spherocytic hemolytic anemia (Beutler, 1994). Neonatal jaundice occurs
mostly in the Mediterranean and Asian G6PD deficient infants (Maisel, 1994). In
Thai, 65% of severe jaundice infants had G6PD deficiency (Sasanakul et al,

1989)

Severe neonatal hyperbilirubinemia is well known to cause kernicterus and
death (Brown and Boon, 1968). In Thailand, 19.7% of hyperbilirubinemia is
caused by G6PD deficiency (Tanpaichitr et al, 1995). Phototherapy, exchange
transfusion, education and surveillance have been shown to reduce these
complications (WHO, 1989).

G6PD has been studied biochemically, and more than 400 variants have been
identified. To date, more than 68 mutants has been characterized at the DNA
level (Beutler, 1994). Specific G6PD variant is found in people of different ethnic
groups. In Asian region, G6PD Canton was found to be the most common
variant among chinese in Taiwan (Huang et al, 1996), China, and Malaysia
(Ainoon et al, 1999). There are few population studies published on G6PD
mutation in other Asian ethnic groups. In Thailand, G6PD Mahidol (487G>A)
was believed to be the most common G6PD variant in Thailand (Panich et al,
1992}, but it has not been confirmed in population studies. In this report, we
conducted a population screening for G6PD deficiency from cord blood samples,
and identified G6PD deficient mutations in Thai population as well in newborns
with neonatal jaundice.

MATERIJAL AND METHODS

Five hundred and twenty nine umbilical cord blood samples were randomly
obtained in delivery room at Chulalongkorn University Hospital. Five ml of cord
blood were mixed with acid-citrate-dextrose (ACD) and stored at 4°C until
assayed within 3 days from collection. Peripheral blood samples were obtained
from jaundiced newborns from nursery in the first 7 days of life. Serum total
bilirubin was determined by its optical property using Reichert-Jung unistat
bilirubinometer. Neonates with serum bilirubin above 13 mg/dl were included
assessed for G6PD deficiency.
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G6PD activity assay

G6PD activity assays were performed according to the WHO-recommended
standard test (Betke et al, 1967) with minor modification. Two ml of citrated
blood were washed with cold normal saline 3 times with removal of buffy coat.
Washed red cells were assayed for hematocrit, then 50 pl of washed red cells
were mixed with 950 ul ddH,0, mixed and frozen at -20 °C for 40 minutes. Lysed
red cells were centrifuged at 3000 rpm (5000g) for 20 minutes, hemolysate
supernatant was used for G6PD enzyme assays. Enzyme activity was quantitated
by adding SO pl of hemolysate to a 950 pl assay containing buffer (0.1 M Tris-
HCl pH 8.0, 10 mM MgCl,), Glucose-6-phosphate (0.6 mM, Sigma), and NADP
(0.2 mM, Sigma). The rate of NADPH generation was measured at 340 nm at 30
°C over 10 minutes. The average change of optical density per minute was
calculated to determine activity of the G6PD enzyme. G6PD activity was
calculated and reported as IU per gram hemoglobin (g Hb).

In our laboratory, the normal value of cord blood G6PD activity is 7.39+2.57
[U/g Hb from normal male {mean + standard deviation, S.D.), and 6.94+2.51
[U/g Hb in normal female. G6PD deficiency was diagnosed when activity was
less than 1.5 IU/g Hb (WHO, 1967).

DNA was extracted from G6PD-deficient blood samples using Qiaquick®

Blood DNA extraction kit (Qiagen, Germany) according to manufacturer’s
recommendation.

Identification of G6PD mutations

For G6PD Viangchan mutation assay, a mutagenic primer pair 871F (5°-
TGGCTTTCTCTCAGGTCTAG-3") and G6PD10R (5’-GTCGTCCAGGTACCC
TTTGGGG-3’) were used in a polymerase-chain reaction (PCR). One microliter
of purified DNA from blood were mixed, in 50 ul, with 50 ng of each primer, 200
M each dNTP, 10 mM Tris-HCI pH 8.8, 1.5 mM MgCl,, 50 mM KCl, 0.1%
Triton X-100, 0.5 U of Tag polymerase (Promega). The PCR amplification was
performed on the DNA thermal cycler for 1 cycle of 95°C for 5 minutes, then 35
cycles of 1 min at 95°C, 1 min at 56 °C, 1 min at 72 °C, and final extension at 72
°C for 10 minutes. In 30 pl reaction, 251l of PCR product was digested with Xbal
(Gibco BRL) for 2 hours, then resolved on 3% agarose gel (Metaphore, FMC
Bioproduct, Rockland, ME) containing ethidium bromide.

For 95A>@, 392G>T, 487G>A, 493A>G, 592C>T, 1024C>T, 1360C>T,
1376G>T, and 1388G>A, 9 oligonucleotides with natural or mutagenic primer set
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(Huang et al, 1996) were used for detection of the nine known G6PD mutations
(NSTDA BIOTEC, Bangkok, Thailand). The PCR amplification conditions were
similar to G6PD Viangchan except for annealing temperature was 55 °C for 1
min. The PCR product was digested with appropriate restriction enzyme
digestion set (Huang et al, 1996) (Gibco BRL) according to manufacturer’s
recommendation.

For nt1311 polymorphism, three primers, G6P10F2 (5’-ATGATGACCAAGA
AGCCGGGC-37), 1311TR (5’-CGTCCAGGATGAGGCGCTCA-3) and
G6P12R (5’-CTGCCATAAATATAGGGGATGGG-3") were used in a PCR
reaction at the same condition above. The PCR amplification was performed on
the DNA thermal cycler for 1 cycle of 95°C for 5 minutes, then 35 c¢ycles of 1
min at 95 °C, 1 min at 68 °C, 1 min at 72 °C, and final extension at 72 °C for 10
minutes. Twenty-five pul of PCR product resolved on 3% agarose gel (Gibco
BRL, Grand Island, NY) containing ethidium bromide. Presence of a 200-bp
band indicates C1311T. Presence of 400-bp but not 200-bp band indicates wild-
type nt1311.

DNA Sequencing

PCR product from G6PD exon 9 was amplified using G6PDIF (5’-AGCTGCA
GGCCAACAATGTGGT-3") and G6PD10R. The 360 bp amplicon was used as
template and DNA sequence was determined using ABI prism 310 Genetic
Analyser (Perkin-Elmer, Norwalk, CT) following manufacturer’s
recommendation using G6PDOF as primer.

RESULTS

Prevalence of G6PD deficiency

Of 522 cord blood samples, we identified G6PD deficiency in 11.1% of Thai
male (N=350) and 5.8% of female (N=172). Among neonates with
hyperbilirubinemia, the prevalence of G6PD deficiency is 22.1% in male
(N=140) and 10.1% in female (N=89).

Prevalence of G6PD mutations

G6PD deficient DNA samples were assayed for G6PD known mutations. The
first mutation assessed in this study is G6PD Mahidol (487G>A) because it was
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thought to be the most common variant among Thai G6PD deficient individuals.
Of 39 G6PD-deficient male cord blood samples, only 3 (7.7%) was found to be
G6PD Mabhidol. (Table 1) We then searched for eight other mutations and
identified 4 (8%) cases of G6PD Canton (nt1376 mutation), 2 (4%) cases of
G6PD Kaiping (nt1388 mutation), 1 case (2%) of G6PD Union (nt 1360
mutation}, and case (2%} of “G6PD chinese-5” (nt 1024 mutation). No case of
G6PD Gaohe (95A>@), “Chinese-4” (392G>T), “Chinese-3” (493A>G), or
G6PD Coimbra (592C>T) was identified.

We then performed a PCR of exon 9 on one of the unidentified G6PD-deficient
DNA sample and determined the DNA sequence. A mutation at nt871 from G to
A was found. We then developed the assay for G6PD Viangchan using a
mutagenic 5’-primer (871F) and a reverse primer (G6PD9R) to amplify exon 9,
which will result in 126-bp amplicon. Restriction enzyme Xbal digestion will
cleave mutant, but not wild-type amplicon, to 106-bp (Figure 1) To distinguish
G6PD Viangchan from G6PD Jammu, which differs at a non-coding nt 1311, two
allele-specific oligonucleotide primers sets were used. We found that in all
samples with 871G>A, nt 1311 was T, consistent with G6PD Viangchan. (data
not shown). Using this PCR-based assay, G6PD Viangchan was identified in 21
of 39 male cord blood samples (53.8%) as well as 12 of 20 peripheral blood

samples from jaundiced newborn (60%). (Table 1) Approximately half of G6PD
Viangchan has undetectable cord blood G6PD activities.

Of 10 G6PD-deficient female cord blood sample, 6 were G6PD Viangchan,
while 4 remained unidentified. All female samples were most likely heterozygote
since residual G6PD activity were found, ranging from 0.57 to 1.60 IU/g Hb and
amplicon was partially digested (Figure 1). Similarly, among 7 samples from
G6PD-deficient female with neonatal jaundice, 4 were G6PD Viangchan.
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Figure 1. PCR-restriction enzyme assay for G6PD Viangchan. PCR was

performed on genomic DNA from normal known G6PD Viangchan (control)
showed a 126-bp band that reduce to 106 bp after Xbal digestion. Female
heterozygote show both 126- and 106-bp bands after Xbal digestion.

Table 1. Prevalence of G6PD mutations and their activity from male G6PD-
deficient cord blood samples or peripheral blood sample from male neonatal

jaundice.

Cord blood Necnatal jaundice
G6PD  activity G6PD  activity
Mutation Number {IU/ gHb) Number (IU/ g Hb)
{%) Median Range (%) Median Range
871 (G6PD Viangchan) 21 (53.8%) 0.12 0.00-1.03 | 12 (60.0%) 0.14 0.00-1.50
1376 (G6PD Canton) 4 (10.3%) 0.39 0.16-1.44 | 2(10.0%) 0.29 0.21,037
487 (G6PD Mahidol) 3(7.7%) 0.11 0.00-0.44 1 (5.0%) 0.09 -
1388 (G6PD Kaiping) 2(5.1%) 0.09 0.00, 0.17 1 {5.0%) 1.13 -
1360 {(G6PD Union) 1 (2.6%) 0.00 - 1 (5.0%) 0.00 -
1024 (G6PD “chinese-57) 1 (2.6%) 0.50 - 0 - -
Unknown 7(179%) .. 0.00 0.00-1.05 | 3(15.0%) 0.00 0.0-0.17
Total 39 (100%) 20 (100%)
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DISCUSSIONS

We have identified G6PD Viangchan as the most common variant in Thai
population. With 21 cases identified among 350 male cord blood samples, the
gene frequency of G6PD Viangchan in Thai population is calculated to be 0.06.
Consistent with this finding, heterozygous deficient female are also found in 6
out of 172, indicating that some female heterozygote for G6PD Viangchan is not
in deficient range.

G6PD Viangchan (MIM # 305900.0026) was first characterized biochemically
in 1988 from a Laotian G6PD-deficient patient in Canada (Poon et al, 1988).
This G6PD variant was found to be a WHO class 2, or severely deficient, variant.
G6PD Viangchan was subsequently defined molecularly to be a nucleotide
substitution at nt871 from G to A, predicting an amino acid 291 substitution from
Val to Met. Nucleotide substitution 871G>A is also found in G6PD Jammu
(Beutler et al, 1991) which was found in patient from India. These two variant
differs at a nucleotide 1311 polymorphism, where it is C in G6PD Jammu, and T
in G6PD Viangchan.

G6PD Viangchan has been reported to be a common variant among Laotian
people (5 of 9 G6PD-deficient subjects) based on a small transplanted population
in Hawaii (Hsia et al, 1993). The finding that gene frequency of G6PD
Viangchan is high in Thais and Laotians support the common ancestry of these to
ethnic group. In contrast, G6PD Viangchan is found in 10% of Filipinos (6 of 53)
(Hsia et al, 1993), and only rarely in Chinese population, only 1 in 112 G6PD-
deficient male neonate (Huang et al, 1996).

In contrast to previous study (Panich et al, 1972), we did not find G6PD
Mahidol to be the most common G6PD variant in Thailand. G6PD Mahidol was
named after the university where it was identified biochemically in 1972, and
assessed to be a mild (WHO class 3) variant. Among 22 patients with acute
hemolysis, G6PD Mahidol was identified in most cases. Subsequently, DNA
analysis identified point mutation at nucleotide 487 with substitution of G with
A, which changed translation of amino acid 163 from glycine to serine (Vulliamy
et al, 1989). Based on molecular analysis used in our study, we found G6PD
Mahidol in less than 10% of G6PD-deficient population. [t remains possible that
G6PD Mahidol is associated with only episodic hemolysis. The ease of PCR-
based asssay would allow us to study this mutation in hemolytic patients in the
subsequent study.
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In contrast to multi-ethnic Malaysia and Singapore, Thai population consists of
native Thai and assimilated Chinese. Similar to Malaysia and Singapore, Chinese
immigrants were mostly from Guangdong province around 2 generations earlier.
The proportion of Chinese ethnic is uncertain because of assimilation with the
Thai population. G6PD Canton was the most prevalent (50%) in chinese, and is
found to be the second most common variant (10%) in our study. This
subpopulation could be descendant of chinese immigrant in to Thai population.
The other less common chinese variants, G6PD Kaiping, G6PD Union, and
G6PD “chinese-5" were also identified in the proportionately smaller number.

In contrast to G6PD Canton, which was shown to be related to severe
hyperbilirubinemia (Huang et al, 1996), there is no trend toward a relationship
between G6PD Viangchan and hyperbilirubinemia. The proportion of this to
other mutations in G6PD deficient jaundiced newborn is similar to that found in
general population, implied by cord blood study. Similar to G6PD deficiency at
large, G6PD Viangchan contribute to a relatively late onset of
hyperbilirubinemia. The level of bilirubin and date of onset is indistinguishable
from other mutations.

In summary, our finding suggests that G6PD Viangchan is a marker of Thai
ethnic, similar to of hemoglobin E allele in this population (Wasi, 1967). The
high prevalence of G6PD Viangchan and hemoglobin E allele could be a result of
malaria selection pressure in this region.

REFERENCES

Aincon O, Joyee J, Boo NY, Cheong SK, Zainal ZA, Hamidah NH. 1999. Glucose-6-phosphate dehydrogenase (G6PD}
variants in Malaysian Chinese. Hum Mutat (Online) 14{4):352

Betke K, Beutler E, Brewer GH, Kirkman HN, Luzzatto L, Motulsky AG, Ramot B, and Siniscalco M. 1967,
Standardization of procedures for the study of Glucose-6-phosphate dehydrogenase. Report of a WHO scientific
group. WHO Tech Rep Ser No. 366.

Beutler E. 1959. The hemolytic effect of primaquine and related compounds. A review. Blood 14:103-39

Beutler E, Westwood B, Kuhl W. [991. Definition of mutations of G6PD Wayne, GOPD Viangchan, G6PD Jammu, and G6PD
‘LeJeune’. Acta Haemaiol 86:179-182.

Beutler E. 1994, G6PD deficiency. Blood 84:3613-36

Brown WR, Boon WH. 1968. Hyperbilirubinemia and kermicterus in glucose-6-phosphate dehydrogenase infants in
Singapore. Pediatrics 41:1035-62.

Carsen PE. Flanagan CL, Ickes CE. Alving AS. 1956. Enzymatic deficiency in primaquine -sensitive erythrocytes. Science
124:484-5 .



G6PD Viangchan in Thai popuation

Huang CS. Hung KL, Huang MJ, Li YC, Lui H, Tang TK, 1996. Neonatal jaundice and molecular mutations in Glucose-6-
phosphate dehydrogenase deficient newborn infants. Am J Hematol 51(1):19-25.

Luzzatto L. 1975, Inherited hemolytic states: glucose—6-phosphate dehydrogenase deficiency. Clin Hematol 4(1):83-108

Maisels MJ. 1994, Jaundice, In : Avery GB, Fletcher MA, MacDonald MG, eds. Neonatology : Pathophysiology and
management of the newborn 4 ed. Philadelphia: JB Lippincott. 639-725.

Miiler DR. 1995. Glucose & phosphate (6-6-PD) deficiency, In: Miller DR, Bachner RL, eds. Blood Diseases of Infancy and
Childhood 7ed. St. Louis : Mosby. 353-64.

Panich V, Sungnate T. Wasi P, Na-Nakorn S. G6PD Mahidol. 1972. The Most Common Glucose-6-Phosphate Dehydrogenase
Variant in Thaifand. J. Med Ass Thailand 53:576-85

Phornphutkul C, Whitaker JA, Worathumrong N. 1969. Severe hyperbilirebinemia in Thai newborn in association with
erythrocyte G6PD deficiency. Clin Pediatr 8:275-8

Poon MC. Hali K. Scott CW, Prchal IT. 1988. G6PD Viangchan: a new giucose 6-phosphate dehydrogenase variant from Laos.
Hum Genet 78:98-9. E

Tanphaichitr VS, Pung-amritt P, Yodthong S, Soongswang J, Mahasandana C, Suvatte V. 1995. Glucose-6-phosphate
dehydrogenase deficiency in the newborn. [ts prevalence and relation to neonatal jaundice. Southeast Asian J Trop Med
Hyg 26 suppl 1:137-41

Sasanakul W, Jeraporn K, Siriponya P, Hathirat P, Tejavej A, Isarangkura P. 1989. Neonatal jaundice and Glucose-6-
Phosphate Dehydrogenase Deficiency. J Med Assoc Thai 72 suppl 1 : 130-2

Vulliamy TJ, Wanachiwanawin W, Mason PJ, Luzzatto L. 1989. G6PD Mahidol, a commen deficient variant in South East
Asia is caused by a (163) glycine— Serine mutation. Nucleic Acids Res. 17(14):3868

Wasi P, Na-Nakermn S, Suingdumrong A. 1967. Studies of the Distribution of Haemoglobin E, Thalassemias and Glucose-6-
Phosphate Dehydrogenase Deficiency in North-eastern Thailand. Nature 214:501-2

WHO Working Group. 1989. Glucose—6 - phosphate dehydrogenase deficiency. WHO Bulletin OMS 67(6): 601-11



	RSA4080004_s1
	RSA4080004_s2

