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tivity was also as high as J00% on scereenming Tor BBV
penome or telomerase activity Tront swabs and amounmed
1o 81.2% when bath EBV o ielomerase were simulia-
neously assessed. Sixoand 8 of 27 non-NPC swabs were
positive for EDV genome and telomerase activity,
respectively, Chidy 2 cases o non-NPC swabs showed
both EBV DNA and 1elomerase activity, These 2 cases,
acute thinitis wnd sinusits, also presented with nllam-
mation, This suggests that the specificity on combing
tion of both techniques was 92,69 and could be as hieh
as 1O0% when analvzing onby patents withoot sivis
and symptoms ol it lammation.

DISCUSSION

Screening o obtain carly and delinite diagnoses ol
NPC s an important issue among high-risk papubations,
For countries with intermoedite rishe such as Thanland,
this population includes nuddle- or advinced-aged men
ol Chinese origin or siblings ol paticnts with the tumone!
At present. the sereening method most commonly avail-
able v bused on anti-EBV serology., Nevertheless: the
specilicity of this method is low. especially when the ¢t
ofl point is set al o low level 1o increase the sensitivity.
Consequently, cancer develops 1 only a lew positive
cases. [ addition, a substantial proportion ot paticnts
with subclinical NPC would not be detected with con-
ventional nasopharvngeal exanmmation. For identification
of such patients, endoscopy ad multiple biopsy <pect-
mens ol the nusopharynx have proved to be an effective
method for diagnosing submucosal growth of NPC .2

Because virtually all cases of NPC ure associated
with EBV. u number ol studies identified the EBV
genume from nasopharyngeal epithelium with nonina-
sive methods such as wash. swib, and brush biopsy, The
purpose of such studics was to help improve sensitivity
and specificity for NPC screening and carly diagnosis,
In addition. these wechnigues may help redace the numbe
of multiple nasopharyngeal biopsies. which are invashve
techniques. However, those studies showed dilferent
results with normal controls. Approxinately 814 3570
and 47% ol normal populations trom Greenlund.
Denmark. and Taiwun, respectively, were Tound 1o be
positive for EBV DNA Trom throat washes.! 514 Tweniy -
Tive percent of normal cases in Taiwan were positine by
nasopharyngeal swab. 'Y Interestingly, only 2 ot 157
contral cases were positive tor EBY DNA when brush
biopsy was perfonmed wunong Chinese immigrants in
North America ' Qur study used nested PCR of naso-
pharyngeal swabs from Thai patients and identiticd
EBV in 6 of 27 cases. On the convrary, usopharyngeal
swih and brush biopsy showed higher frequencies of
detecting the EBY genomie from NPC than the wash, t-10

Fhese data sugpested EBY in the throat could be iden-

Otolaryn -
Head and Neck uliny
November 8868

tilied from 2 sonvees, The first source is prenvlignant or
carly lesions ol NPCThe second s chronie EBBV infec-
tiont, Ascresult, use ol the BBV genome as amarker for
ideptlying NPC extfolinted cells should yield o wide
range ol sensitivity and specilivity depending on the
methods and source of specimens,

Telomerase s o pood candidate marker for cancer
sereening becouse i is usually expressed i most can-
cers. ineluding NPC, butl not in most normal tissues, 1539
These data were contirmed in this study becase Y3.7%
ol NPC bopsy specimens were positive. Our recent
studies perlormed among stratilicd squamouns epithelid
tissues, such as oral epitheliom and cervise indicated that
tclomerise activity s associated not only with cancer
developmient but abso with certinn benten condinions
tespectlly with inflanumation), such as lichen planus, - 22
Flhis miay case Tadse-positive results when jetomerase s
useel as oomarker o sereen caneer from sgpiimaons ool
ongin, mcluding NPC However, because the mechas
ssi causing bse-positive results s distinet compared
wath ideniivimy the EBY venome and welomerase, com
Proccton of bath markers should inpros e sensitivity aned
specilicny Tor NPC diagnosis rom nasopharyngeal ox-
tolated colls, Telomerase assay and nested PCR show ed
high sensitivity and specilicity when applied 1o nasopha-
ryngeal swihs, On combination ot hoth wechniques. the
sensthivty was nproved o 100/t ciiher one ot the
pesitine results was counted. and the spectficity was

92.6% 11 both positive resudts were analyzed together,
CONCLUSION

Analyzing NPC murkers from nasopharyngeal exto-
hated coliv with & method such as swub could help
tmprose dicgnosis espectally tor cancer screening and
curly dingnosis - A different frequencies of EBV
senome detection were reported between normal con-
trolsdependime on the methods apphied and the source
ol cuses. s additonul marker should be helptul tor
ientityving NPC cells, Telomerase activity, according to
this studa, s o zood candidate Yor use 1n conjunction
with nested PCR for detection of the EBV genome,
Because the sensitivity was 100% when counting cither
positive result obtained by these technigues. only high-
rish popalations with cither EBV genome or telomerase
activity identificd rom nasopharyngeal swubs should
be indicated Tor multiple biopsies, More case control
studies, especially from subclinieal NPCL should be per-
formed 1o indicate the sensitivity of nested PCR and
TRAP wssay when apptied 1o this group.
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ABSTRACT

Nasopharyngeal cancer (NPC) constitutes a type of car-
cinoma encountered frequently in Southern China, among
Eskimos of the Arctic region, and to a lesser extent in
Southeast Asia. Because EBY DNA present in plasma or
serum of NPC patients has proven to represent a promising
noninvasive tumor marker, the present study was designed
to determine the incidence of serum/plasma EBV DNA by
nested PCR during various disease management stages. By
this method, we could detect EBV DNA in plasma/serum of
98 of 167 NPC patients prior to treatment, compared with 10
of 77 samples derived from healthy blood donors serving as
controls, with a similar prevalence observed in plasma ver-
sus serum. Investigation of 13 patients subjected to radio-
therapy revealed plasma EBV DNA to persist in the plasma
of one case, whereas among the remaining patients, it had
vanished during the early phase of treatment. Finally, with
52 samples derived from 37 NPC patients during follow-up,
we established 100% specificity and 0% false-positive rate
for plasma DNA detection by nested PCR. Moreover, we
subjected 24 known EBV DNA-positive serum samples to
DNase digestion prior to DNA extraction and amplification
to differentiate between free and encapsulated viral DNA,
which demonstrated complete absence of the human S-glo-
bin genomic DNA in contrast to EBY DNA detectable in 14
samples. In conclusion, applying this noninvasive method.
serum/plasma FBV DNA constitutes a reliable tumor
marker prior to, during, and after treatment of NPC.
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INTRODUCTION

The discovery of tumor-derived DNA in the circulation of
cancer patients raises the possibility of a new stratepy for
noninvasive cancer detection and monitoring (1-3). In NPC.*
we have previously demonstrated that EBY DNA is not only
detectable in tumor tissue but is also detectable in the patients’
cell-free sera (4). [n addition, comparison between EBV typing
of primary tumors and their sera showed identical results, sug-
gesting that serum EBY DNA represents tumor DNA, In a
recent study. Lo er al. {(5) have further explored this issue with
respect 1o sensitivity and quantity of the plasma EBV DNA
derived from NPC patients. A very high incidence of plasma
EBY DNA wuas shown prnior to treatment. Furthermore, the
presence of plasma EBV DNA | month afler completion of
radiotherapy was assoctated with the disease persisting, cither
because of partial response or distant metastasis. Hence, seruny/
plasma EBV DNA represents a promising tumor marker for
noninvasive cancer detection and monitoring of NP’

NPC conslitutes an important cancer in Asia encountered
frequently in Southern China and among Eskimos of the Arctic
region. An intermediate inctdence is observed in Southeast Asin
{6—8). Therefore. the attempt at understanding how senum/
plasma EBV DNA could be used for diagnosis and monitoring
of NPC is crucial. In the present siudy, we applied nested PCR
to analyze e incidence of serum/plasma EBV DNA during
several phases of NPC, prior to as well as in the course of
treatment and during follow-up. In addition, we determined
whether the viral DNA was encapsulated. The data presented
here not only demonsuate sensitivity and specificity of serum/
plasma EBV DNA in each phase of the disease bul also assist in
an increasing comprehension as to its biological significance.

MATERIALS AND METHODS

Sample Collection. Upon informing the patients abow
the purpose of the study and obtaining their consent. primary
NPC tissues were collected before onset of treatment at Chula-
longkom University Hospital. The tissues were divided into two
parts. The first part was sent for routine histalogical examina-
tion. The second part was immediately stored in liquid nitrogen
for future DNA extraction and PCR analysis for the presence of
the EBV genome. All wumors were histologically ascertained to
be undifferentiated NPC according 1o the WHO classification.

Blood samples were obtained by venipuncture from several
groups of patients selected on the grounds that the EBV genome
was present in their tumor tissues. The first group, 146 serum
and 21 plasma samples, comprised patients prior to treatment.
The second group included plasma samples obtained from 13

* The abbreviations used are: NPC, nasopharyngeal cancer: EBNA,
EBV nuclear antigen.
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Fig. /| Sensitivity of nested PCR
for EBV DNA. A 100-bp ladder.
distilled H,O (dH.0). and DNA
from B958 cell lines were used as
size standard. negative control,
and positive control, respectively.
A. compare sensitivity between
single PCR and nested PCR for
EBV DNA. B examples of
nested PCR tor EBY DNA from
NPC sera. Positive results were
cases 45-J48. 52, 53, 55-57, and
6l. Most positive cases were
EBV type A, whereas case 16
was EBV 1ype B.
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Table [ Incidence of serum/plasma EBV DNA during various NPC management stages

DE_gnnsis Status Sample Positive Total (case) G
NPC Before treaiment Serum/plasma 98 167 58.7
Serum 33 146 56.9
Plasma 15 21 714
Known positive EBV DNA in serum  Serum treated with DNAase 14 24 58.3

During radiotherapy Plasma (before Rx, 1. 2, 3-6 wks) {9, 6, 3. |) 13 (69, 46, 23, 7)

Follow-up Plasma 3 37 8.1

Recurrence or partial response Plasma 3 5 66

Complete remission Plasma )] 32 0
Normal control Serum 10 77 13.0

" (before Rx, 1. 2, 3~6 wks) incidence of plasma EBV DNA before treatment at tirst, second. and third to sixth weeks during radiotherapy.

patients atl the weekly complete blood count evaluation in the
course of radiotherapy. The last group constituted 52 plasma
samples from 37 paticnts. who after completion of treatment
came to the hospital every 3 months for follow-up. The DNA
samples extracted from the sera of healthy blood donors serving
as contruls in a previous study were used again for the same
purpose (1). To obtain cell-free sera and plasma, clotted and
EDTA blood specimens were centrifuged at low speed for 5 min
within 1 h after venipuncture. Both sera and plasma samples
were stored at —20°C until further analysis,

DNA Isolation and DNase Treatment. NPC tissue was
incubated in Trs/HCI buffer containing SDS and proteinase K
at 50°C ovemight, followed by phenol/chloroform extraction
and ethanol precipitation of DNA (9. As for serum or plasma,
200 pl were purified for DNA extraction on Qiagen columns
(Qiamp blood kit: Qiagen, Basel Switzerland) according to the
“blood and body fTuid protocol.”™ Ten sera and 10 plasma sam-
ples, respectively, were reanalyzed for the presence of the EBV
genome o compare the effictency of the Qilamp blood kit with
that of reextracting the nucleic acid with the QIAamp viral RNA

-t

mini kit (Qiagen). One-tenth of the DNA extracted was then
used for nested PCR analysis.

To distinguish free EBV DNA molecules from virions, 400
pl of 24 known positive EBV DNA serum samples were divided
into two parts. The first part was twice digested extensively with
DNase I (37°C for 1 h: Ref. 10). Both parts were then subjected
to DNA extraction and nested EBV DNA PCR analysis. Semi-
nested PCR for amplification of 8-globin DNA was used to
determine whether free DNA had been digested completely.

EBV Detection by Nested PCR. For the detection and
typing of EBV DNA in tumor tissue and serum/plasma samples,
nested PCR protocols were used, modifying those described
previously for amplification of the EBNA-2 (11, 12). DNA
extracted from the cell line B958. EBV-transformed lympho-
cytes (American Type Culture Collection), was used as positive
control and double-distilled water as a negative control.

The first PCR amplified the EBNA-2. generating a DNA
fragment ol 237 bp for EBV type A and of 253 bp for EBV type
B, respectively. With nested primers, the PCR product com-
prised 168 bp for EBV type A and 184 bp for EBV type B,
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respectively. The nucleotide sequences for these first PCR prim-
ers were 5'-GCGGGTGGAGGGAAAGG-3' (E3—44mer) and
5'-GTCAGCCAAGGGACGCG-3' (E3-25mer). The nested
PCR primers were E3 and ES primers for EBNAZ (11, 12).
Amplification of the B-globin gene by seminested PCR was
used to determine the presence of amplifiable human DNA in all
samples tested for EBV DNA. The primers GH20 and PCO4
were used for the first-round primary PCR, generating a DNA
fragment of 260 bp (13). The B-globin-specific seminested
primers were 5'-ACCTCACCCTGTGGAGCCA-3' (f3-globin
62028) and PCO4, genecrating a 231-bp PCR product. The
sequences of the primers used for EBNA-2 and B-globin PCRs
were identical to those reported previously (11-13).

The first-round PCR reactions were performed in a total
volume of 20 pl using one-tenth of the extracted DNA in a
reaction mixture containing 200 pmol of each deoxynucleotide
triphosphate, 1.5 mm magnesium chloride, 50 mm potassium
chloride, 10 mm Tris-HCL (pH 9.0}, 0.1% Triton X-100, 0.5 unit
of Thermus aquaticus DNA polymerase, and 0.2 pm for EBV or
0.5 um for B-globin primers. The PCR amplification was per-
formed as follows: initial denaturation at 94°C for 5 min,
followed by 35 cycies of denaturation at 94°C for 30 s, anneal-
ing at 57°C for 30 s, with an extension at 72°C for 1 min, and
a final extension at 72°C for 7 min. One . of each PCR product
was used as the template for nested and seminested PCR,
respectively. The 35 cycles of second-round PCR reactions were
performed in a manner identical to that applied for the first-
round PCR, except for using different sets of primers, 0.5 pm for
EBV or 1 pM for B-globin primers, and adjusting the annealing
temperature to 50°C. The PCR products were analyzed by
electrophoresis on a 2% agarose gel stained with ethidium
bromide upon preparation.

Statistical Analysis. Data regarding histology, tumor
staging, EBV detection, and response to treatment were col-

Fig. 2 Nested and seminested PCR
from known EBY DNA-positive serum
samples after DNase treatment. DNA. A
100-bp ladder, distilled H,O (dH,0),
and DNA from B958 cell lines were used
as size standard, negative control, and
positive control, respectively. Lanes with
(+) and without (—) DNase treatment
are shown. A, seminested PCR for hu-
man 3-globin. B, nested PCR for EBV
DNA. All of these cases showed com-
plete DNase treatment. Whereas cases
38 and 46 demonstrated resistant of EBV
DNA from DNase, sera from cases 33,
47, and 48 were digested.

—mw 231bp

—af= 1G8bp

lected in a double-blind fashion until analyzed. The x? test was
used to compare the results obtained from serum/plasma anal-
ysis with clinical and tumor parameters,

RESULTS

Sensitivity and Specificity of Nested PCR to Detect EBY
DNA in Serum and Plasma. In this study. nested PCR was
applied to improve the sensitivity for identifying EBV DNA.
For the control cell line, nested PCR for EBNA-2 still yields a
positive result with 10 fg DNA (Fig. 1). This suggests a much
higher sensitivity of nested PCR. We then reevaluated sensitiv-
ity and specificity of EBV DNA detection in sera and plasma of
NPC patients, as well as of normal blood donors (Table 1).
Whereas higher sensitivity, 98 of 167 cases (58.68%), was
demonstrated, fewer cases of normal blood donors, 10 of 77
cases (13%), showed positive results. The positive EBV DNA
incidence from plasma samples, 71.4%, was slightly higher than
from serum, 56.85%. Twenty previously analyzed samples, 10
serum and 10 plasma samples, were reextracted for nucleic acid
by QIlAamp viral RNA mini kit. With these samples, testing for
the EBV genome was repeated by pested PCR and yielded
identical results. There is no significant statistical correlation
between serum EBV DNA and clinical parameters, staging,
histological classification, or response to treatment at 3 -and 6
months.

To evaluate whether the EBV DNA detected in serum was
present as a free nucleic acid or within intact virions, 24 EBV
DNA-positive sera from different patients were subjected to
DNase I treatment prior to DNA extraction. After extensive
DNase 1 treatment, nested PCR did not yield any detectable
product of the control B-globin DNA, whereas nested PCR for
EBV DNA remained positive for 14 cases (Fig. 2; Table 1).
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Plasma EBY DN A during Radiotherapy.  Plasma sam-
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\ Ly ol remained negative dunng treatment.
foowonme plasma EBY DNA was detectable prior
[ coven af them, plasma EBY DNA disappeared
st and third week of radiotherapy. One case
stence of plasma EBY DNA throughout the course
Juiilicaapy.
Sensitivity and Specificity of Plasma EBV DNA for
Vatients” Follow-Up.  Fifty-two blood samples of 37 patients
o treatiticsit of between 3 and 42 months duration were
Hated e tollow-up for the presence of the EBY genome in
e g, 40 Table 11 Using WHO critenia for response, five
presented wiath evidence of NPC. three with recurrence.
i e wath partial response, =50% decrease 1n total tumor
sice ol e lesions and no appearance of new lesions or progres-
lesion Plasma EBY DNA was detectable in three
Coses, one partid response, patent 365, and two recurrence
cascs, patients 72 and 106, Interestingly. whereas the plasma of
both recurrence cases, patients 72 and 106, were positive Tor
EBV DINA in their serum EBY DNA absent prior to treatment,
Furthermore, repeated evaluation of the plasma for the EBV
DNA status prior to further treatment twice in patient 106 and
four tunes i patient 240, respectively, sull showed identical
tesults, The other 32 cases were in complete remission ai the
time of evaluation. Case 106R was patient 106 alter the second
course of radiotherapy. In the 32 plusina samples wested rom gl
complete remission cases, some of which were examined mine

SQcel ool any

than once. no plasma EBV DNA was deted ioble Thes sugvesied
100% specificity and 0% false positive raic curpvely, o
serum/plasma EBY DINA w be used as an N0 nomor smarker

for follow-up after completion of treatment.
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ment. NPC status ol each paticnt s Jemonstrated as recarmence (R
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absent (N of EBY DNA e shaman. VI, pot done,

DISCUSSION

The discovery of tumaor-densed DNA in the circulation of
cancer palients unphes the poasibility of a new strategy o
noninvasive cancer detection and monitoring (1-31 For NPC
using EBY DNA lor this purpose should prove advantageou
because virtualiy all cases ol NPC have been found associates
with EBY (14, 15) Because a cormpanson between two stodies
has shown much divergence as to the prevalence of EBV DNA
n serumdplasma samples, we improved the sensinvity for fur-
ther analy sis by using nested PCR 14, 5). This technique should
prove to be the one wath the highest sensitivity. Several positive
cases (13%) were dentified among normal blood donors 1n-
tected previously with EBY. compared with not a single case
idenutied previously by one-round PCR or with 7% established
by the gquantanse PCR study. The present study revealed
scrum/plasma EBYV DNA 10 be present in 58.68% of NPC cases
Although plasma samples demonstrated a shghtly higher prev.
alence af EBY DNA, there was no significant diftference ol
DNA denuficanon between plasma and serum samples or be-
bween two ditterent DNA extriaction methods, Qiamp blood kit
and Quamp viral RNA mini kit The continmuous presence o
absence of EBV DNA n serum/plasma was confirmed by
repeatedly evaluating the plasma for EBV DNA status in two
patients. The ditterence in prevalence of the wmor DNA in the
virctlation of NPC patients was similar to that reported for other
types ol vancer. For example, the freguency of identifying
serum/plasma colorectal cancer DNA can vary between studies
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from 40 to 909 (16-18). Although differences in serum/plasma
EBV DNA between EBV DNA prevalence reported by real time
PCR and nested PCR may be attributable to different PCR
primers and detection system. Neventheless, as yet unsuspected
biochemical and/or environmental mechanisms may be respon-
sible for this finding.

Serum/plasma EBV DNA has been studied in several con-
ditions, such as infectious mononucleosis, acute lymphoprolif-
erative disorder, and EBV-associated lymphoma (19-24). In
addition to the association with EBV-associated cancers, serum/
plasma EBV DNA was found to be an indicator for active
infection rather than latent virus (19, 21-24). The purpose of the
DNase digestion experiment was to establish whether the pres-
ence of serum EBV DNA was attributable to lytic replication or
release of latent episomal DNA. The results suggest that there
might be two simultaneously present populations of serum EBV
DNA, one encapsutated in the viral particle and the other the
free nucleic acid probably released from NPC as episomal DNA.
The presence of virions in the circulation of NPC patients is
surprising because the majority of EBV in NPC cells should be
in the latent phase, as shown by EBV clonal studies (25, 26).
Consequently, serum/plasma EBY DNA should all be present as
free nucleic acids. Nevenheless, our data invite the hypothesis
that some EBV in NPC should enter lytic replication. This could
explain why antibody titers to lytic cycle antigens, such as VCA
and ZEBRA, rise in NPC patients (27, 28). In addition, expres-
sion of the immediate early BZLFI and BHLF! genes or
ZEBRA protein is frequently detectable in NPC (29, 30). Be-
cause there may be only few cells entering lytic viral replication,
studying the clonal progression of EBV by analyzing terminal
repeat lengths by Southern blot and hybridization may not be
sensitive enough to commonly detect the lytic replication or
might be interpreted as impurities and hence ignored. Definite
proof, such as electron microscopic analysis, is required lo
identify virions in NPC circulation.

Studying plasma EBV DNA during radiotherapy not only
suggests a direction to further explore the behavior of EBV
DNA present in the circulation of patients receiving radiother-
apy but may also lead to clinical implications. EBV DNA
positive in serum/plasma before treatment disappeared early in
the course of radiotherapy, whereas plasma EBV DNA initially
negative remained negative. This suggests two important find-
ings: (@) serum/plasma EBV DNA is short lived; and () cell
death as a consequence of radiation does not promole the
presence of EBV DNA in the patients’ circulation. On the
contrary, because EBV DNA could disappear from plasma as
carly as during .the first week of treatment, radiation may in
addition to its ability to decrease the number of NPC cells use a
specific mechanism that prevents the tumor from releasing EBV
DNA. The biological effect of ionizing radiation at the ceftular
and molecular level appears to be DNA double strand break and
a subsequence activation of DNA-dependent protein kinase (31,
32). It will be interesting to further explore whether DNA-
dependent protein kinase plays any role in the release of EBV
DNA from NPC into the patients’ circulation. Whereas most
cases of previously positive serum/plasma EBV DNA disap-
peared during radiation, one case showed persistence of plasma
EBV DNA. This NPC case may not respond to the radiation
induced inhibition of virus release, or it may indicate microme-

tastases. This persistence of serum/plasma EBY DNA during
radiotherapy may be crucial for future clinical treaunent modal-
ities.

The other important clinical application of serunyplasma
EBV DNA with NPC suggested here is as a tumor marker for
patients’ follow-up. NPC is a form of cancer with a high success
rate of radiochemotherapy (33). However, many cases may
recur, even after very long periods of latency (34). Conse-
quently, most NPC patients require very consistent and long
follow-up studies. Some of them may require expensive inves-
tigations, such as computed tomography scan or invasive meth-
ods, especially punch biopsy. Analyzing serum/plasma EBV
DNA is an inexpensive and noninvasive technique suitable for
clinical application. Upon using plasma EBV DNA as a marker
for follow-up, the sensitivity (60%) shown in this study was
similar to the prevalence detected prior to treatment. In addition,
whereas only patients with evidence of disease showed plasma
EBV DNA, the DNA was not detectable in any of the cases with
complete remission. This suggested 100% specificity and a 0%
rate of false positives. Interestingly, whereas we detected 3%
of serumm EBV DNA in 77 healthy individuals, no EBV DNA
was identified in 42 tests of 32 NPC cases with complete
remission. The usefulness of serum/plasma EBY DNA 4. a
molecular marker for NPC patient monitering was emphasized
recently by Lo er al. (35). They demonstrated a close relation-
ship between plasma/serum EBV DNA guantity and umor
recurrence. In addition, significant elevations in serum EBV
DNA were observed in the patients who subsequently developed
fumor recurrence.

In conclusion, this study has shown how frequently serum/
plasma EBV DNA can be discovered in the course of NPC prior,
during, and after treatment. Approximately 59% of NPCs prior
to treatment were positive for serum/plasma EBV DNA. The
presence and/or absence of serum/plasma EBV DNA is likely to
depend on each individual and remain persistent as long as there
is no change in Lthe tumor status. Radiotherapy cannot induce but
rather prevents NPC from releasing EBY DNA into the patients’
circulation. Finally, investigating serum/plasma EBV DNA afler
treatment suggested its potential as a tumor marker.
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Abstract. The primary objective of this study was to determine
oss of heterozygosity (LOH) in various portions of 9 high-
rrade diffuse astrocytomas, 8 glioblastomas and | anaplastic
stroeytoma. LOH was observed on chromosomes 9, 10, 17
and 19 in &, 3, 4 and 2 cases, respectively. Genetic hetero-
geneity and a multistep process were identified in 4 glio-
blastomas explaining the diverse morphological characteristics,
i common feature of diffuse astrocytomas. In 2, 2, 3 and 1
:ases, the allele losses were found within part of grade IV
istrocytomas but not grades II or IV, on chromosomes 9,
10, 17 and 19, respectively. In one of these, while genetic
ieterogeneity was observed on chromosome 17 between the
rea of grade 1I and grade IV, 9pLOH was found within both
ireas and occurred on the same allele. The other 5 cases did
ot demonstrate genetic heterogeneity and the LOH was on
he same allele, irrespective of grade, suggesting clonal origin,
n conclusion, at the molecular level, the diverse morpho-
ogical features of astrocytoma develops by a multistep
nechanism of genetic alterations from one cell via low-grade
nd more malignant tumors towards glioblastoma.

[ntroduction

Diffuse astrocytoma is the most commonly occurring intra-
cranial tumors, accounting for more than 60% of all neoplasms
of the brain (1). Various evidence suggested the development
of this cancer to proceed by a multistep process {2-4). Some
of the most malignant forms, glioblastoma, arises secondarily

“orrespondence to: Dr Apiwat Mutirangura, Genetics Unit,
Jepartment of Anatomy, Faculty of Medicine, Chulalongkorn
University, Bangkok 10330, Thailand

Abbreviations: WHO, World Health Organization; LOH, loss of
heterozygosily;_MSI. microsatellite instability

Key words: loss of heterozygosity, astrocytoma, genetic hetero-
geneity, multistep process, glioblastoma

from a number of lower grade gliomas. Secondly, some genctic
alterations, such as loss of heterozygosity on chromosomes 9p,
[0q and 19q, are found more frequently in anaplastic astro-
cytoma and glioblastoma, but are rare in low-grade astrocytoma
(2-5). Finally, based on morphological criteria, heterogeneity
is frequently found in this cancer. It should be noted that
within a high-grade tumor, areas displaying low-grade tumor
growth can be found (1,6,7). In addition heterogeneity has
been observed with respect to the expression of tumor antigens
(8), cell proliferation kinetics (9), cytogenetics (10} and telo-
merase activity (11).

Diffuse astrocytoma arises after multiple genetic
aberrations. Molecular genetic studies implicate several
oncogenes and tumor suppressor genes to be involved as for
example, TP53, EGFR, CDK4, MDM2, CDKN2A and PTEN
{(12-17). Loss of heterozygosity was also found on a number
of chromosomes, 9p, 10q, 13q, 17p and 19q to date (18).
Interestingly, not every glioblastoma shows all the genetic
changes described suggesting several independent pathways
leading to the common end point (18). Hence, the
morphological heterogeneity observed would be a result of
the multistep carcinogenesis. Genetic distinction between
lower- and higher-grade stages of the same tumor would
provide more insight into astrocytoma development.
Contrasting this hypothesis, a study on genetic heterogeneity
in 1992 demonstrated all genetic chances analysed in 4 cases
to be identical between low-grade and high-grade tumors
(19). We propose to re-evaluate the genetic abnormalities
characteristic for high-grade diffuse astrocytomas in areas of
different gradation as to whether there is genetic hetero-
geneity in the individual tumor which could explain the
genetic pathway of astrocytoma development.

Materials and methods

Tissues and DNA extraction. Nine large diffuse astrocytoma
with distinct areas of different gradation, according to
guidelines of the WHO (World Health Organization), were
obtained from paraffin-embedded specimens (20). These
comprised 8 glioblastomas (astrocytoma grade IV) with
lower-grade astrocytoma arecas (grade II and grade TI/III in 4
cases each) and 1 anaplastic astrocytoma (grade III) containing
grade-1I portion. Grade II/III areas represented a distinet
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Table L. Loss of heterozygosity in different areas of 9 astrocytomas.

Case 1 2 3 4 5 6 7 g 9
Chro STR NIODOIONIIVNIOIVNIIVNIOIV NIV IV N IV IV N I IV N OIVIT I
951748 u 2 2 1 u U 2 2 2 U 2 2 1 2 1 1 U
9 RPS6 U 22 1 u 211 211 2 1 1 2 2 1 u 2 2 2

IFNA 21 1 201 211 211211 9] u U 2 2 2
D10SI96 2 2 2 u 2 2 2 22 2 U 2 1 1 U U 2 2 1
I0 DIOS249 2 2 2 01 1 0 0 2 01 U 2 1 I 2 2 2 2 1 1 2 0 1
DIOSI8? 2 2 2 2 2 2 U 2 2 2 u 2 2 2 2 2 1 U 2 2 2
17 D1751176 U 222 222 0222212 2 22 2 1 1 M M 2 2 M
TP53 21 1 U 22 2 01 1 2 1 2 2 2 2 2 M 2 2 2 2 2 1
19 DI19S47 2 2 2 U U 2 2 2 U 2 2 2 2 2 2 2 2 2 2 2 P
ERCCI u 221 2112222022 0 2 2 2 2 u U

Chro, chromosome; STR, microsatellite; N, normal: 11, astrocytoma WHO grade 11; H/IT, astrocytoma WHO grade 11/111; 1V, astrocytoma WH(
grade IV (glioblastoma); 2, heterozygasity; 1, one allele detected: 0, could not be amplified: M. microsatellite instability: U. uninformative.

region in 4 glioblastomas consisting of low to moderate
cellularity of well differentiated tumor cells retaining the
astrocytic appearances but began to show a few mitotic
figures. Fifteen to twenty 4 um sections per sample were
stained with hematoxylin and eosin and left uncovered.
Under an inverted light microscope, the differently graded
areas in each tumor were microdissected for molecular
analysis using 27-30 gaupe steel needles (21). In this context.
the term ‘high-grade diffuse astrocytoma’™ means either
anaplastic astrocytoma or glicblastomna.

Blood samples collected by venipuncture served as
constitutional controls in cases 1, 5, 6 and 7. Since all tumor
samples included in our study were large and contained
normal tissue such as neurons in the cerebral cortex, these
normal cells were microdissected and used as internal
controls. DNA was extracted from paraffin-embedded tissue
and circulating leukocytes as described elsewhere (21).

Allelotyping. Ten microsatellite markers on chromosomes 9p,
10q, 17p and 19q used for PCR analyses are listed in Table 1.
Information regarding cytogenetic localization of the markers
was provided by the Genome Data Base.

Prior to microsatellite analyses, DNA extracted from
paraffin-embedded tissue was amplified by DOP-PCR in a
total volume of 50 ul as previously described (22,23). One
strand of each primer pair was end-labeled as describel
elsewhere (24). The PCR reactions were performed in a -1
reaction volume of 10 pl comprising 200 uM dNTP ¢ .o
10 mM Tris-HCI {(pH 8.4), 50 mM KCI, 1.5 mM -

0.5 units of Thermus aquaticus DNA polymera-.

Elmer Cetus), primer concentrations between 0.05-t; - 1hj
each, and 50 ng of genomic DNA obtained from both lcukis-
cyte extraction and DOP-PCR of extracted paraffin-embedded
specimens.

Several PCR reactions have been optimized for eac
primer set as tollows: an initial denaturation step at 95°C for
4 min, followed by 40 cycles of denaturation at 94°C for 1 min.
with | min annealing at 55°C, extension at 72°C for 2 mir
and a final extension at 72°C for 7 min.

Aliquots (2 ul) of each reaction were mixed with [ p
formamide-loading butfer, heated at 95°C for 2 min, chille
on ice for 30 sec, then loaded onto a 6% polyacrylamide 7M
urea gel. DNA fragments were size fractionated at 70 W until
the tracking dye had covered the appropriate distance on th
gel. After electrophoresis, the wet gel was transferred to filie
paper (Whatman., Maidstone, UK), covered with Saran wra
and exposed to a phosphorus screen and the bands wern
visualized on a Phosphorlmager using ImageQuaNT"™ softwar
{Molecular Dynamics, Sunnyvale, CA).

Results

Table | shows microsatellite alterations observed in 9 higt
grade dilfuse astrocytomas. Allelic losses were scored whe
at least vone microsatellite locus on each chromosome examine
wan informative and revealed loss of one allele in comparise
wih matched normal DNA. Genelic heterogeneity wi
recor ded swhen areas within the same tumor exhibiting th
tov oo and 1he highest gradation were genetically differen
“iarestddine dnstability (MS]) as reflected by variations |
foowto ol microsatellite repeats in tumor DNA was als
wwoodad, On o the example of case 5, representative hi_stu:
ratstoey with corresponding loss of heterozygosity (LOH
t- ~shown i Figs. 1 and 2,

I'requencies of LOH corresponding to the highest histt
pathological grade of each tumor were found in 8/9 (89%
of chromosome 9p, 4/8 (50%) of chromosomes }0q an
17p, and 2/9 (22%) of chromosome 19q. respectively. The
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igure 1. Histopathology of astrocytoma grade 1V (glioblastoma) from case no. 5. A, Low magnification reveals grade [1 astrocylomna area consisting of neoplastic
arocytes with nuclear atypia. B-D, Medium and high magnifications display astrocytoma grade 1V area as evidenced by marked nuclear pleomorphism with

ritosis (B). vascular proliferation (C). and pscudopalisading necrosis (D).

CASE 5
N 1l

CASE S
v

IV N 1

D1781176 IFNA

figure 2, Microsatellite analysis in selected diffuse astrocytomas, case 3,
showing genelic heterogeneily of chromosome 17, D1751176, bul not
chromosome 9. IFNA. Representative astrocytoma grade 11, 1V and
corresponding normal ussue (N) are shown with microsatellite markcrs.

areas with the lowest gradation in each sample exhibited a
lesser incidence of LOH, that is, 6/9 (67%) on chromosome
9p, 2/8 (25%) on chromosome 10q, and 1/8 (12%) on both
chromosomes 17p and 19q. In case of LOH present in both
the lower- and higher-grade areas, the loss had originated
from the same allele.

Genetic heterogeneity could be identified in 4 tumors
(44%), that is, in cases no. 2 (chromosomes 9p and 19q). no. 5
{chromosome 17p), no. 7 (chromosomes 9p, 10q, and 17p),
and no. 9 (chromosomes 10q and 17p). In case no. 5, whereas
chromosome 17p showed genetic heterogeneity, chromo-
some 9p originating from either a grade II or grade IV area
demonstrated identical genetic components (Fig. 2). The
remaining samples displayed no genetic differences.

MSI was observed in 3 tumors, more specifically, in grade
IV areas ot cases nos. 7 and 9, and both grade IVII and IV
portions of case no. 8.

Discussion

High-grade diffuse astrocytomas, like other malignant
neoplasms, are histopathologically heterogeneous tumors
{6.7). This phenomenon might be explained by the tumor
evolution hypothesis that all neoplastic cells are derived from
the same clonal origin but differ by stages of genetic
alterations, resulting in diverse morphological appearance of
tumor cells within the same lesion. However, a previous
study has not been able to demonstrate such genetic hetero-
geneity on chromosomes 9p, 10, and 17p in 2 glioblastomas
and 2 anaplastic astrocytomas, regions presumed to be
related to tumor progression in diffuse astrocytoma (19). In
our study, additional application of microdissection technique,
as well as an increased number of analyzed glioblastomas
and chromosomes have established the existence of genetic
heterogeneity as evidenced by retention of both alleles in the
grade-1l or grade-II/III areas and LOH in the glioblasto-
matous area of the same tumor. The varying genetic alterations
correspond well to the histopathological gradation. Our findings
strongly support abnormal genetic events to increasingly occur
during the multistep process of glioblastoma development.

The detection of LOH in grade 1I or grade 11T areas on
chromosome 9p (cases nos. 1, 3-6, and 8), chromosome 10q
(cases nos. 6 and 8), and chromosome 19q (case no. 3) was
of interest since LOH in these regions has been un-
equivocally associated with malignant progression of diffuse
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astrocytomas. Their frequencies of allelic loss are directly
proportional to an increase in histopathological severity (2-5).
Furthermore, chromosomes 9p21 and 10q23.3, respectively,
harbor the candidate tumor suppressor genes CDKN2A and
PTEN, both genes also play a role in malignant transformation
of astrocytomas (5,18). LOH detected at the 3 chromosome
loci in the low grade area implies that some genetic alterations
in diffuse astrocytoma have already occurred before morpho-
logical changes could be discerned by conventional methods.
These molecular markers may be employed as additional
criteria or unfavorable prognostic indicators in cases of diffuse
astrocytoma where histological features alone are insufficient
to diagnose grade 111 or grade IV tumors. However, large series
of well-controlled trials are required in order to fully evaluate
the applicability of this molecular tool.

The TP53 gene located on the short arm of chromosome
17 is involved not only in the initiation but also in the
progression of gliomas (25,26). Apparently, in case no. 1 the
former role has been favored as LOH 17p could be
demonstrated in both grade II and grade I1I/1II portions.
Contrasting that, LOH 17p appeared tc be a late event in the
malignant progression from grade II and III astrocytomas
toward glioblastomas in cases nos. 5, 7, and 9 as evidenced
by the presence of LOH only in the grade IV area. Hence,
our data differ from all three molecular subtypes of
glioblastomas recently proposed (18). However, we suggest
that all glioblastomas included in our study belong 1o the
*secondary” form as defined by Scherer (27) as each one
contained a distinct area of lower grade lesion. There might
be other, as yet undiscovered genetic pathways responsible
for the development of glioblastomas.

MST. a result of replication errors, has been suggested as
a possible mechanism in the initiation of cancer. Since the
frequency of MSI has been reported between 30-50% in
glioblastomas but is very rare in low grade diffuse astro-
cytomas, this phenomenon is considerred an evolution in
astrocytoma progression rather than the initial event (28.29).
The occurrence of MSI in 3 cases of grade [V tumor opposed
to none of the grade II portions supports these previous
observations.

To summarize, our current study has demonstrated
genetic heterogeneity to be discernible in diffuse astrocytoma
which provides an explanation for the variety in morphological
appearance of neoplastic astrocytes within the same lesion. In
addition, some genctic alterations already exist in morpho-
logically low-grade areas of a high-grade tumor. These
antecedent molecular changes may be utilized as additional
molecular diagnostic criteria or prognostic markers. Finally,
the microdissection technique may unravel the complex
molecular pathways employed in tumorigenesis and malignant
progression of diffuse astrocytomas.
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Abstract

Background: Human papillomavirus (HPV) is a crucial etiological factor for cervical cancer (CC)
development. From a diagnostic view-point, the consistent presence of HPV in CC allows the virat
DNA to be used as a genetic marker. The aims of this study were to evaluate the presence, physical
status and clinical significant of MPY DNA in circulation of CC patients.

Results: Whereas 6 out of 50 (12%) HPV positive CC patients revealed plasma HPY DNA, it was
detected in none of 20 normal controls or 13 HPV negative CC cases. The plasma DNA exhibited

an HPV type identical to the HPV in the primary tumors and the DNA from both sources was

integrated into host genome, Interestingly, several findings suggested an association between

plasma HPY DNA and metastasis. First, three of the HPY DNA positive cases were CC patients
with clinical stage IVB or recurrence with distance metastases (P = 0.001, RR = {5.67). Second,
the amount of plasma HPV DNA from metastatic patients to be three times more than three other
patients without metastases. Finally, the later cases had tendency to develop recurrence distant
metastases within one year after complete treatment when compared with other HPV associated
CC patients with the same stage but without the present of plasma HPVY DNA.

Conclusions: The plasma HPY DNA originated from the CC, was associated with metastasis and
could be used as a marker representing the circulating free CC DNA_

Background

Cervical cancer (CC) is onc of the most common malig-
nancies in women worldwide, especially in developing

idemiological studies have shown that most human CCs
harbor the "high risk” HPV types 16,18, 31and 33 [3.4]. -
Scecond, some HPV proteins such as E6 and E7 interact
countries [1]. Scveral studies have suggested that human with  human tumor suppresser gene products and
papillomavirus (HPV) initiates and causes endogenous

change cellular phenotypes [5]. Finally, the intcgration
genctic alterations in the progression of CC (2]. First,ep-  lincurizes HPV DNA between Ev and L1 genes and dis-
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rupts the vira! E2 gene, whicl consequently induces ex-
pression of E6 and E7 genes [6,7]. This  genomice
rearrangement is thought to be critical for the transfor-
mation and proliferation of the carly precursors to these
cancers (1 ]. From a diagnostic viewpoint, the consistent
presence of HPV in CC allows the viral DNA to be used
as a genctic marker. For example, cervical pre-malignant
lesions can be sereencd for highly sensitive HPV DNA
deteetion technology in cull serupings [8].

Accumulating lines of cvidenee have elucidated that
there is tumor DNA in patients' circulation. Such DNA
can be detected in plasma or serum via specific genetic
and epigenetic alterations of the primary tumor. Though
the mechanism of this phenomenon is not clear, the
presence of tumor DNA in blood may have diagnostic
and prognostic value [9,10,11,12]. Interestingly, viral
BNA has been documented to occur as tumor DNAIn the
circulation of patients with primary tumors caused by vi-
ral infection. For example, there is a high frequency of
hepatitis viral genomes and Epstein-Barr viral (EBV)
DNA in the circulation of patients with hepatoma and
nasophanyngeal cancer (NPC), respectively[13,14,15]. In
addition, the circulating EBV DNA may be an invaluable
tool for patient monitoring [15.16 ]. Since HPV DNA
serves as a genctic marker for CC, we tested whether
HPV DNA could be detected in the plasma of CC patients
and whether it onginated directly from tumor cells.
Morcover, we determined whether the circulating HPV

DNA has any diagnostic and prognostic clinical potential
for patients with CC.

Materials and methods

Sample Collection

Primary CC tissues were collected from 63 patients be-
fore treatment at King Chulalongkorn Memorial Hospi-
tal. The tissues were divided into two parts. The first part
was sent for routine histological examination. The sec-
ond part was immediately stored in liquid nitrogen until
further use. All of the tumors were hislologically ascer-
tained to be CC and the staging was done according to
FIGO criteria. The 63 tumors included stages ranging

from I to IV. All patients have been followed for treat-
ment outcome and survival.

Blood samples were obtained by venipuncture from the
same patients and 20 healthy blood donors. To obtain
plasma, blood specimens in EDTA anticoagulant were

centrifuged at 3,300 rpm for 10 min, and the plasma
were stored at -20°C before use.

DNA Isolation

CC tissuc was treated with 5DS and proteinase K at 50°C
overnight, followed by phenol/chloroform extraction
and ethanol precipitation of DNA.. Plasran DINA was pu-

hiip:#www biomedcentral.com/1471-2407/1/2

rificd on Qingen columns (Qinmp blood kit; Qiagen, Ba-
s¢l, Switzerland) according to the "blood and body fluid
protocol”. Plasnia (200 pl) wus processed using the col-

utnn and one-tenth of the extracted DNA was then uscd
for PCR analysis.

HPY Detection, Quantitation and Typing

For analysis of the HPV DNA in the plasma from CC pa-
ticnts, HPV E6 gene amplification was performed using,
a protocol previously deseribed with some modifications
[17]. The PCR reaction was in a total volume of 20 ul
containing 200 pM of cach ANTP, 10 uM Tris-HCI (pH
8.4), so mM potassium chloride, 4.0 mM magnesium
chloride, 0.5 units of AmpliTaq Gold (Perkin Elmer Ce-
tus), 0.4 uM of WD76 (CGGTTSAACCGAAAMCGG) and
WD67 (WGCAWATGGAWWGCYGTCTC), ©.1 uM of
WD66 {AGCATGCGGTATACTGTCTC), WD 72 (CG-
GTCGGGACCGAAAACGG) and WDis4 (TCCGTGT-
GGTGTGTCGTCCC). Additionally, another PCR using
0.3 uM of primers specific for ZP3, a gene on the human
X chromosome, were performed to test the quality of
DNA [18]. For testing DNA and screening for HPV inci-
dence, one ZP3 primer, and WD72 and WD76, respec-
tively, were end labelied at 37°C for -2 h in a tot.]
volume of 10 yl containing 10 uM primer, 0.025 mCi {y-
32p) ATP (Amersham-Pharmacia) at 3000 Ci mmal '} 10
mM magnesium chloride, 5 mM DTT, 70 mM Tris-HCI
{pH 7.6) and 10 units of T4 polynucleotide kinase {(New
England Biolabs). Without further separating of the un-
incorporated nucleotides, the kinase reaction was added
to the PCR buffer mix. The PCR amplifications were per-
formed as follows: initial denaturation at 95°C for 10
min, followed by 40 cycles of denaturation at 95°C for 1
min, annealing at 55°C for 1 min, extension at 72°C for 2
min and a final extension at 72°C for 7 min. Reaction
products were mixed with loading buffer and loaded
onto a 4% non-depaturing polyacrylarnide gel. DNA
fragments were size fractionated at 800 V until the track-
ing dye had covered the appropriate distance of the gel.
After electrophoresis, the wet gel was transferred to fil-
ter paper (Whatman), wrapped with Saran wrap and ex-
posed to a phosphorus screen; the bands were visualized
on Phospholmager using ImageQuaNT software (Mo-
lecular Dynamics). E6 and ZP3 primer pairs yiclded 243
and 177 bp PCR products, respectively. For HPV typing,
50 ul of unlabeled PCR product was prepared for dot
blot experiments. All HPV DNA positive plasma and
some tumor DNA samples were measured semiquanti-
tatively by performing duplex radiolabeled E6 and ZP3
primer PCR and rcpeating the above PCR reaction [18].
The difference between viral and host genome copy .
numbers was calculated from the relative intensity of

PCR bands by the imageQuaNT software (Molecular Dy-
namics).



BMC Cancer (2001) 1:2

htip:/iwww.biomedcentral.com/1471-2407/1/2

Table 1: Plasma HPY DNA in tumar, Clinlcal staging, and treatment outcome of 50 HPV associated CC patients

Total Plasma HPV DNA
Positive Negauve
Cervical Cancer patient 50 6 44
Agc'
<50 25 3 22
>S50 25 3 22
HPY type
ub 4 ] 4
16 28 2 26
18 16 4 12
13 2 0 2
~Stage
8 2 0 2
ng 17 3 14
1113} 18 0 8
VB i 1 o
R¢ 2 2 0
IIB response to radiotherapy
Pre 3 2 !
CR* 15 | 13
B clinical outcome within
one year after complete
weatment
R® 6 2 4
NED' 5 ] 5
Metasrases
Posiuve 3 3 P = 0001 0
Negauve 47 3 RR = 15.67 44
Histopathology type
Squamous 42 5 37
Adenomatous B | 7

3250 and 50 age less than 50, and above 50, respectively; ® U, unknown; ¢ R, recurrence: ? PR, partal response; ® CR, complete response: ' NED.

no evidence of disease

E6 type-specific probes were used for HPV typing. Posi-
tive controls of HPFV type 6, 11, 16, 18, 31 and 33 from
each PCR amplification were included [17]. Products ob-
tainéd from another unlabeled E6 PCR reaction were
heated to 95°C and thereafter 1 volume of 20 X SSC was
added. Aliquots of 40 ul werc applied to a Hybond-N*
nylon membrane (Amersham Pharmacia Biotech) under
vacuum, prewetted in denaturing solution (1.5 M NaCl,
0.5 M NaOH). The membranes were transferred to a fil-
ter paper soaked in neutralizing solution (1.5 M NacCt,
0.5 M Tris-HCI pH 7.2, 0.001 M EDTA) for 1 min. The
membranes were air dried at room temperature, soaked
in 0.4 M NaOH for 20 min for fixation and washed with
5 X 85C. Prehybridization at 65°C for 1 h was carried out
using 6 X SSC, 5 X Denhardt’s solution, 0.5% SDS and

100 pg of single-stranded sheared salmon sperm DNA
per ml. Replicate membranes were separately hybrid-
ized with denatured 32 P-labelled, type-specific probes in
prehybridizing solution for 1 hr at §5°C. Probes WD170
{GCAAGACATAGAAATAA) required hybridization at
45°C. Filters were rinsed brieflyin 2 X SCCand 0.1% SDS
at room temperature and then twice for 10 min at 45°C
(WD170), 50-52°C (WD132 (GACAGTATTGGAACTTA-
CAG), RR1 (GTACTGCACGACTATGT) and RR2 (AC-
CTTTGCAACGATCTG)), 55-56°C (WDio3
{CAACAGTTACTGCGACG), WD165 (AAATCCTGCA- .
GAAAGACCTC) and WD166(CCTACAGACGCCATGT-
TCA)), or 56-57°C (Whnhag
{ACACCTAAAGGTCCTGTTTC) and WD134 (ACACTCT-
GCAAATTCAGTGC)). The membranes were exposed toa



8MC Cancer (2001) 1:2

phosphorus screen and the sighals were visualized on a

Phospholmager using ImageQuaNT  software (Molecu-
lar Dynamics).

Detectlon of HPV Integration by PCR

All DNA samples from plasma and tissue thal were posi-
tive for HPV type 16 and 18 were analyzed in two PCR re-
actions. One used 0.5 pM of cach primer (5 E2
conscnsus primer HPV-16/18 5'-ATGAAAATGAYAG-
TAMAGAC-3', 3' E2 primer HPV-16 5'-CCAGTA-
GACACTGTAATAG-3' and HPV-18 5'-
CATTGTCATGTATCCCACC-3"), with 32P-labclled HPV-
16/18 to detect 1020 and 1028 bp PCR products from
HPV 16 and 18 episomal forms, respectively [7]. The oth-
er used 0.5 uM of each primer of PIGR gene (PIGR-F 5'-
TCAGCCAGGGTAAGGATCC-3' and PIGR-R 5-TGAT-
GGTCACCGTTCTGCC-3") to amplifya 1392 bp fragment
of human genomic DNA as a control. The PCR reactions
contained 200 uM dANTP each, 10 pM Tris-HCI (pH 8.4),
50 mM potassium chloride, 1.5 mM magnesium chlo-
ride, 0.5 units of Thermus aquaticus DNA polymerase
(Perkin Elmer Cetus), and the PCR amplifications were
performed as follows: initial denaturation at 95°C for 5
min, followed by 40 cycles of denaturation at 95°C for 1
min, annealing at 45°C for E2 gene or 55°C forPIGR for
1 min, extension at 72°C for 3 min and a final extension
at 72°C for 7 min. Reaction product was mixed with load-
ing dye and loaded onto 4% non-denaturing polyacryla-
mide gel. DNA fragments were size fractionated at 8oo
V until the tracking dye had covered the appropriate dis-
tance of the gel. After electrophoresis, the wet gel was
transferred to filter paper (Whatman), wrapped with
Saran wrap and exposed to a phosphorus screen. The
bands were visualized on a Phospholmager using Image-
QuaNT software (Molecular Dynamies).

Correlation between Clinical Data and Plasma HPY DNA
Data regarding histology, tumor staging, clinical pheno-
types, treatment outcome, and HPV PCR and typing
were collected in a double-blind fashion until analyzed.
The Fisher's exact test was used to compare the results

obtained from plasma analysis with those of HPV and
clinical parameters.

Results
HPVY DNA in Plasma

To determine whether HPV DNA could be detected in the
circulation of CC patients and represented tumor DNA,
DNA from the plasma of three groups was studied. The
first two comprised 63 positive and negative HPV CC pa-
tients, and the other 20 healthy female blood donors.
The paticnts included in this study, were classified by
age, pathological structure, and stage (Table 1). The con-
trol marker, ZP3, was positive in all samples. As a result,
all were further analyzed for the presence of HPV DNA

hitp/fwww.biomedcentral.com/1471-2407/1/2

by PCR using labeled E6 degencrate primers. Plasma
HPV DNA was a specific genctic marker for HPV associ-
uted CC, since it was detectable from neither HPV nega-
tive CC nor normal controls. Nevertheless, the
circulating DNA had low sensitivity. Only 6 out of 50
(12%) with HPV associated CC paticnts were demon-

stroted to have cireulating HPV DNA (Fig 1A and Table
1)

The frequency and type of HPV DNA were reevaluated
from all plasma and tumor samples by PCR using the E6
degenerate primers und dot blot hybridization using
type specific oligonueleotides (Fig 1B and Table 1,2). The
presence of HPV DNA status was confirmed and plasma
HPV DNA showed the same viral type as the tumors.
Furthermore, DNA from both plasma and tumor from
the 6 plasma-positive cases were differentiated between
integrated and episomal. Since the integration process
disrupts the HPV E2 gene, PCR using radioactive labeled
E2 primer would show positive result from episomal
form of HPV but negative if the DNA integrated {(Fig1C).
Whereas E2 PCR product was detectable in 20.75% of
the HPV positive tumors, none of the plasma or tumor
samples from plasma HPV DNA positive CC patients was
positive (Fig 1D). In consideration with the absence of
episomal HPV DNA from tumor, it is most likely that the
negative E2 PCR result was due to plasma HPV DNA de-
rived from integrated HPV genome. This observation
suggested that the circulating free HPV DNA originated

from the CC and thus could be used as a marker for tu-
mor DNA.

Plasma HPY DNA and Clinical Correlation

To elucidate the importance and meaning of CC DNA
present in plasma, the correlation between the presence
and amount of plasma HPV DNA and clinical data was
investigated (Table 1). Clinical data including age, stag-
ing, metastasis, response to treatment, and site of recur-
rence of plasma HPV DNA positive patients were
included inTable 2. Interestingly, there was an associa-
tion between plasma HPV DNA and metastasis. Three
out of six plasma HPV DNA positive patients but none of
the other patients with HPV associated cancers had dis-
tant metastasis at the time of blood analysis (P < 0.001,
RR = 15.67 (5.24<RR<46.83)). One of the three was
stage IVB and two had a recurrence distant metastasis,
one of whom had previously been plasma HPV DNA
negative at stage IIIB. In addition, we evaluated the
amount of HPV DNA in circulation by semi-quantitative
PCR, comparing the intensity of PCR products between
HPV E6 genc and ZP3, a gene on the human X chromo- |
some. The average intensity ratio between these two
bands from tumor DNA and plasma DNA samples was
one and 0.08, respectively (Fig 1E and Table 2). Plasma
from onc of the patients, 106, was collected twice at dif-
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133p
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Figure |
HPV DNA in plasma of patients with cervical cancer. (A) PCR generating 243-bp DNA fragments of HPV E6 gene (B)
Dot-blot hybridization for HPV 18 probe Lanes al-fl were positive controls using purified plasmids of HPV type 6, i1, 16, 18,

31 and 33, respectively Lanes a2-f2 were plasma DNA from patients number 4, 106, 148, 161, 183, and 59 respectively Lanes
a3-f3 were tumor DNA from the same patients as lanes a2-f2 (C) PCR generating 1392- and 1028-bp DNA fragments of
human PIGR genomic sequence and HPV-18 £2 (D) PCR generating 1026, 1028-bp DNA fragments of HPV 16 and 18 E2 gene,
respectively, from tumor DINA on a 2% agarose gel stained with ethidium bromide (E) Duplex PCR generating 243- and 177-
bp DNA fragments of HPV E6 gene and human ZP3 genomic sequence, respectively From left to right of A, C-E: M, 100-bp .
ladder standard DNA size marker; - and +, PCR products of the negative control (double-distilled water) and positive control

(Hela cel! line for A and E; purified plasmids for D; and for C, DNA from human leukocyte for PIGR and purified HPV 18 DNA
plasmid for E2 gene), respectively: numbers without p indicate PCR products of tumor DNA; numbers with p indicate PCR
products of plasma DNA of CC patients Number 106!p and 1062p were plasma DNA from patient 106 but the samples

were collected ar different time
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ferent time and demonstrated the  identica! ratio (Fig
1E). Furthermore, the ratios from the three plosma sam-
ples of paticnts with metastases, 0.05, 0.14, and 0.9,
was higher, though not statistically significant, p =
0.098, than from the other three non-metastasis pa-
lients, 0.02, 0.04, und ¢.05. Interestingly, the three
plusma HPV DNA positive patients who were stage 1B
did not have as good o clinieal outcome when compared
with the other plasnuy HPV DNA negative patients with
the same stage. Whereas 13 out of 14 plasma negative
cases had a complete response to radiotherapy, 2 out of
the 3 circulating viral DNA positive cases were partially
resistant. However, formal comparison did not yet show
significant statistical value, p = 0.063. In addition, we
found that plasma HPV DNA positive patients may have
tendency to develop recurrent diseasc. In patients who
was followed up for more than one year, 2 out of 2 and 4
tut of 9 plasma HPV DNA positive and negative pa-
tients, respectively, suffered reappearance of CC.

Discussion

The results of the present investigation confirm that it is
possible to identify HPV DNA in DNA extracted from the
plasma of patients with CC. More importantly, there are
at least three findings suggesting that the viral DNA
most likely originates from the tumor itself. First, circu-
lating HPV DNA was not present in normal controls or
HPV negative CC. In addition, all HPV DNA derived
from HPV-associated CC patients’ circulation was type
16 or 18. These high-risk HPV types are frequently asso-
ciated with high-grade cervical intraepithelial neoplasia
and CC [4,19]. Second, the plasma DNA exhibited an
HPV type identical to the primary tumors in the pa-
tients. Thus the possibility that HPV DNA in circulation
is derived from another latent epithelial infection was re-
mote. Finally, the HPV genomes from both tumor and
plasma were revealed the same physical status by inte-
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grating into the host genome. This was o unigue charac-
teristic for CC development and confirmed that the
circulating virol DNA was from cancer cells [6,7].

Though both NPC and CC are viral associated lymphocep-
ithelioma, squamous epithelial tumer with heavily lym-
phoeyte infiltration, the incidence and physical status of
virul DNA in the circulation and in tumors suggests that
the DNA is released into the circulation of NPC und CC
patients via a different mechanism. A much higher fre-
quency of circulating EBV DNA has been discovered in
NPC [15,16]. In nddition, serum EBV DNA is resistant to
Dnase trecatment [15]. In conjunction with the expres-
sion and high antibody titer of lytic replication genes in
NPC patients, it is likely that some circulating EBV DNA
in NPC is virion associated [15,20,21). In contrast to
EBV, at lcast two lines of evidences indicated that plas-
ma HPV DNA was free DNA, not virion-associated. First.
the clinical phenotype associated with circulating DNA
was similar between head and neck squamous cell can-
cer {(HNSCC) and CC. A recent study used human promo-
tor hypermethylation as a serum marker and
demonstrated an association between this epivenetic
marker and metastasis [22]. In addition, circulating
HPV DNA could be found in a low percentage and asso-
ciate with metastasis not only of CC cases but also of
HNSCC cases where the primary tumor harbors HPV
DNA [23]. The other reason that argues against the pos-
sibility that circulating HPV DNA is virion-associated is
that the viral genome has integrated into the host ge-
nome with counsequent deletion of part of the HPV ge-
nome. This physical characteristic is unique to HPV
carcinogenesis and prevents viral ability to undergo
complete lytic replication. All this evidence suggested
that the mechanism by which viral DNA is released into
the circulation of NPC and CC, although both are viral
associated squamous epithelial cancers, is distinct.

Table 2: Clinical parameters and HPV characteristics of 6 ptasma HPV DNA positive CC patients

Patient Age Stage? Pathology Tumor Response to Time Memstatic HPVY Relative
Code Type Size Radiotherapy Recur Organ ype amount of
{cm} (month) b E6.ZP3
PCR!
4 392 (=Y Adenomatous 7 Partial 18 0.02
148 6S [{]: Squamous 3 Complete B Pleura, 18 0.04
Peritoneumc
183 27 1) Squamous [ Parual if Bone © 18 0.05
106 ST Ive Squamous >4 Liver, Pleurad 18 0.14
161 34 Re Squamous 7 Umblflicus 9 6 0.19
S9 46 R® Squamous 5 Liver. Lung ¢ 16 0.05

% Stage at the time of blood examination; ®Time for recurrence after complete treatment; © Metastasis at time of recurrence; 9 Metastasis at ame
of plasma DNA analysis: © R, recurrence; t Average amount from two experiments



BMC Cancer (2001) 1:2

This study indicated that plasma HPV DNA was a specif-
ic, but not a sensitive, genctic marker for CC diagnosis,
Monre importantly, there was o strong association be-
tween plasma HPV DNA and metastasis, both when con-
sidering incidence and nmount of the circulating viral
DNA. Plusma HPV DNA positive non-metastatic CC pa-
ticnts had tendency toward poor clinical outconme and
development of recurrent distant metastasis. This was
not surprising. Although a variety of studices have shown
that patients with very carly stage discase can  harbor
free circulating tumor DNA, several reports have re-
vealed plasma tumor DNA to be more commonly detect-
able in advanced stage discase, to correlate  inversely
with clinical outcome and to corrclate with a tendeney to
fail with effective treatment [9,22,23,24,25,26]. There
were at least three possible explanations for the associa-
tion between plasma CC DNA and metastasis. The most
common hypothesix is that circulating cancer DNA due
to the lysis of circulating cancer cells or micrometastasis
shed by the tumor. HPV-specific mRNA has been found
in peripheral blood cells, circulating micrometastatic CC
cells, and lymph nodes of advanced-stage CC paticnts
with metastasis (27 ,28]. Nevertheless, a study of the rel-
ative amount of DNA in the plasma of pancreatic cancer
patients indicated that a number of circulating cancer
cells was insufficient and rejected this hypothesis (29].
Sceond, some in vitro and vivo studies have suggested
that circulating tumor DNA in plasma might play a role
in metastasis because of its high transforming activity
{30, 31). Finally, because there is a tendency toward poor
clinical outcome for plasma HPV DNA positive CC pa-
tients, the mechanism to actively release tumor DNA
into circulation might occur late during the multistep
process of CC  development when metastasis is more
likely [10]. Regardless of the mechanisms, our data show
that plasma HPV DNA in viral associated CC should be

an independent genetic marker to predict disecase pro-
gression and clinical outcome.

Conclusions

The results of the present investigation indicated that it
was possible to identify HPV DNA in DNA extracted
from the plasma of some patients with CC. More impor-
tantly, The HPV genomes from both tumor and plasma
were revealed the same type and physical status by inte-
grating into the host genome. Thus the viral DNA most
likely originated from the tumor itself and the plasma
HPV DNA represented the circulating free cell CC DNA.
Finally, plasma HPV DNA was a specific, but not a sen-

sitive, genetic marker in which strongly associated with
CC metastasis.
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Serum/Plasma Viral DNA

Mechanisms and Diagnostic Applications to
Nasopharyngeal and Cervical Carcinoma

APIWAT MUTIRANGURA

Genetics Unit, Department of Anatomy, Faculiy of Medicine, Chulalongkarn University,
Bangkok 10330, Thailand

AusTRACT: Following reports describing circulating tumor DNA, serum/plasma
viral nucleic acid has shown its potential as a new diagnostic 1zrget in cancer.
In the majority of examples of viral carcinogenesis, the viral genome is consis-
tently present in certain tumors and serves as an effective marker. This article
reviews recent findings, proposes possible mechanisms, and examines the
potential clinical application of serum/plasma Epstein-Barr virus (EBV) DNA
in nasopharyngeal cancer (NPC) and human papillomavirus (HPV) DNA in
cervical carcinoma (CC). These tumors share a DNA viral etiology and present
similar histopathological findings. However, plasma EBY and HPY DNA are
distinct in several aspects, including incidence, mechanism of release from
tumor, and clinical application. Both circulating cell-free EBV and HPV DNA
reveal the same viral type as their matched tumors, indicating both are derived
from the neoplastic tissue. Plasma viral DNA incidence and copy number are
high in NI'C, but low in HPV-associated cancers. Whereas much EBV DNA in
NPC is episomal, the resistance to DNase treatment of serum EBY DNA and
evidence confirming lytic EBV replication in NPC suggest that a reasonable
proportion of plasma EBV DNA is virions. On the contrary, plasma HPV
genomes, as in CC, integrate into host chromosome. Plasma EBY DNA copy
number, by quantitative PCR, is related to tumor mass. predicts prognosis,
measures immediate response to treatment, and is useful in early detection of
recurrence. Plasma HPV DNA, on the other hand, is associated with and can
be considered as an early tumor marker for distant metastasis.

KevyworDps: Serum/plasma viral DNA; Nasopbaryngeal cancer; Cervical
cancer; Human papillomavirus; Epstein-Barr virus

INTRODUCTION

Plasma or serum DNA has become the most promising circulating tumor marker
during the last decade.!2 However, the penctic heterogeneity of cancer complicates
its use since a number of different genetic markers are required 1o evaluate each
patienl.'-2 Viral DNA, on the other hand, is more simple since viruses are the cause
of particular types of neoplastic development and progression. Consequently, viral
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TARBLE L. Corrclotion hetween nasopharyageal and cervical carcinomn

Nasopharyageal cancer Cervical cancer

Incidence High in southern China,  Worldwide
but rare in most other
parts of the world

Histology Normaul tissue lining  Transitional zone (junc-  Transitional zone (junc-
tion changing from tion changing from
pscudostratified colum-  simple columnar o
nar to stratified squa- stratified squamous
mous cpithelium)} epithelium}

Histopathology Mostly poor or undiffer- Mostly squamous cell

cnliated squamous ccll  cancer and some with
cancer with heavy lym-  heavy lymphocytic
phocytic imfiltration infiliration

Etiological factor DNA virus Epstein-Barr virus Human papillomavirus

Viral life cycle Systemic (infects 8 lym- Local (infects, repli-
phocytes and nasopha-  cates, and reinfects
ryngeal epithelium) cervical epithelivm)

Viral physical status  Mostly episomal form

Mostly integrated form
in cancer celis

Viral oncogenesis Expresses viral Expresses viral onco-
oncogenes genes

DNA is a specific and sensitive marker for viral-associated cancers.> Nasopharyn-
geal cancer (NPC) and cervical cancer (CC) are imporiant epithelial malignancies
with DNA viral etiology and present similar histopathology findings (TaBLE 1).
Most cases of NPC and a majority of CC are squamous cell carcinoma. In addition,
some CCs are lymphoepitheliomas, a squamous epithelial tumor with heavy
lymphocytic infiltration that is strikingly similar to NPC.# This article reviews recent
reports of circufating cell-free Epstein-Barr virus (EBV) DNA in NPC and plasma
human papillomavirus (HPV) DNA in CC (TasLE 2). In addition, possible distinct

mechanisms and potential uses as circulating turnor markers of both viral DNA types
will be discussed.

NPC AND CC

Both NPC and CC are significant problems in world health (TasLe 1). NPC,
although rare in most parts of the world. constitutes an imporiant cancer in Asta,
most frequently encountered in southern China (30-350 cases per 100.000 pcople/
year). An intermediate incidence is observed in Southeast Asia (3—10 cascs per
100,000 people/year). Other ethnic groups showing a higher incidence are Eskimos
of the Arctic region and some North and East African populations.® EBV appcars 1o
be the most important ctiological factor in NPC.5 The viral genome is clonal in
origin and detectable in almost all NPC tissues.” CC, on the other hand. is onc of the
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most commaon tumors affecting women worldwide, in both incidence and mortality,
with approximately 471,000 new cascsfycar diagnosed globally.89 Atmost all CCs
are associated with some specific types of HPV.%!% From a diagnostic viewpoint, the
consistent presence of EBV in NPC and HPV in CC allows viral DNA detection o
be used in clinical diagnosis. For example. the positive detection of EBV by PCR
from a cervical lymph node with a mectastatic tumor of unknown origin can he
confidently diagnosed as a case of NPC.'! Regarding CC. cervical premalignant

lesions can be screened for HPV DNA in cell scrapings using highly sensitive DNA
detection technology.!?

BOTH PLASMA EBV AND HI'V DNA ARE DERIVED FROM TUMOR

There are several potential sources of EBV DNA in the circulation since EBV can
latently infect a number of cell types, particularly B Iymphocytcs.”‘ However,
plasma EBV DNA in NPC has been shown to be derived from the tumor. In general.
primary infection with EBV occurs early in life. The virus primarily inlccts the
oropharyngeal epithelium. The EBV then replicates, lyses, and infects B lympho-
cytes, After infection, the virus enters the lytic phase and causes diseases ranging
from a mild self-limiting illness to infectious mononucleosis. However, in some cells,
the virus enters the latent phase. These latently infected B lymphocytes have the abil-
ity to lead to malignancies, such as B cell lymphomas of the immunosuppressed,
Burkitt’s lymphoma, and Hodgkin's disease. This latent virus can play another
important role in the dissemination of EBV infection within the nasopharynx. With
subsequent host genome mutations, NPC may d(:w:lop.‘s"13 Thus, plasma EBV DNA
can be derived from lymphocytes and detectable in some people as an indicator for
active EBV infection.!* Nevertheless, several lines of evidence suggest that EBV
DNA discovered in the plasma of NPC patients derives from the tumor.!3 First, EBV
DNA is frequently detectable in the plasma of NPC patients (70% and 96%), but rare
in normal people (13% and 7%) by nested and quantitative PCR, rcspcctively.‘f"”
Second, in contrast to that due to lytic replication from lymphocytes, EBY DNA
from NPC patients is continuously present before treatment.!® Third, comparison
between EBV typing in primary tumors and matched patient sera shows identical
results.!'3 Finally, plasma EBV DNA disappears from patients showing complete
response to radiotherapy.!¢17

HPV, on the contrary, can be considered as a local viral infection,? The papilloma-
viruses are highly species-specific and have a specific tropism for squamous epi-
thelial cells. The viruses also induce squamous epithelial tumors and fibroepithelial
tumors in their natural hosts.3 Viral replication can persist within the basal cell layer
of the epithelium. High-risk HPV types (16, 18, 31, and 33) will synthesize viral
oncoproteins, especially E6 and E7, usually by integrating its 8-kb genome into host
DNA., This process linearizes HPV DNA between the ET1 and L1 genes and disrupts
the E2 gene. As a result, expression of the E6 and E7 genes are not suppressed.??
Recently, we reported HPV DNA typing in the plasma of CC patients in comparison
with their matched tumors.'® Whereas no HPV DNA could be detected from the
circulation of normal controls and HPV-negative CC, an incidence of 12% was
demonstrated in the plasma of HPV-associated CC patients. In addition, all positive
cases revealed the same HPV type as found in the primary cancers. Thus, plasma
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HPV DNA could be identilicd [rom HPV-associaled CC and the DNA was shown 1o
originate from the cancer cells.

DISTINCT VIRAL DNA RELEASING MECHANISMS
BETWEEN NIPC AND CC

A high incidence (70-96%) and copy number (4000-90.000 copies/mL) of
plasma EBV DNA from patients with NPC suggest a unique mechanism for tumor
relcase. %17 There are at least three possible mechanisms for this process. in which
all may be responsible together in the presence of plasma EBY DNA. Two lines of
evidence support cell death as one mechanism. There is a weak correlation between
the presence of scrum EBV DNA and apoptosis.'S and there is a rise in plasma EBV
DNA concentration after initiation of radiothcrapy-induced cell death.!” The second
possible mechanism would be a consequence of the EBV genome remaining in NPC
in an cpisomal form. Chen ef al. demonstrated that extrachromosomal DNA could
be induced in human lymphocytes by treating with phytohemagglutinin in vitre 20
More importantly, this DNA could be detected not only in the nucicus, but also in
the cytoplasm. This finding has led to the proposition that induction of such small
fragmented DNA might be another mechanism of tumor DNA release because of the
small size and its lack of specific structures, such as the centromere, for it to be
retained in the nucleus. This hypothesis is very inleresting since genome of cancer
cells is prone 1o contain small fragmented DNA caused by double-strand breaks?! or
double minute chromosomes from oncogene amplification.*? In more than 76% of
NPC, the viral genome is not integrated and remains in an episomal form *?
Consequently, the EBV DNA may be more easily released from the NPC cells.

The third possible mechanism for EBY DNA to be retecased into NPC patient
circulation is lytic replication. In this case, a reasonable proportion of the circulating
EBV DNA should be in the form of vinons. Most EBV DNA from NPC patients’
sera, unlike human genomic DNA, resists DNase treatment.!® Thus, at least some of
the viral DNA is encapsulated. The presence of virus in the circulation of NPC
patients is surprising because the majority of EBV in NPC cells should be in the
latent phase, as shown by EBV clonal studies.” Consequently, serum/plasma EBV
DNA should present solely as free nucleic acid. Nevertheless, our data invite the
hypothesis that some EBV in NPC has entered lytic replication. This could explain
why antibody titers to lylic cycle antigens, such as the viral capsid antigen and
BZLF! immediate-early gene product ZEBRA, risc in NPC patients.242% A recent
study has shown that IgG antibodies directed against the BRLF1 immediate-carly
gene protein product, Ria, are detectable in 83% of NPC plasma samples.2® In addi-
tion, expression of the immediate-early BZLF| and BHLFI1 genes or ZEBRA pro-
tein is frequently detectabie in NPC.?52% Qur ongoing research has discovered
mRNA of the late ytic replication gene, BLLF1, by reverse transcriptase PCR in
these cases, This confirms that there are active genes from all the viral lytic replica-
tion phases required for replicating EBV in NPC, There may only be a small propor-
tion of cells entering lytic replication or most of virions may be released from NPC
cells. Thus, studying the clonal progression of EBV by analyzing terminal repeat
lengths using Southern blot hybridization may rot be sensitive enough to detect lylic
replication or the results might be interpreted as contaminanis and hence be ignored.
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Definitive proof, such as clectron microscopic analysis and characterization of the
physical appearance of EBYV in patients’ plasma is required.

Circulating free-cell HPV DNA from CC is different from plasma EBY DNA
from NPC in both physical status and incidence. We have recently reported that o
low proportion of HPV-pasitive CC patients, 6 out of 50 (12%), revealed plasma
HPV DNA, and the DNA from both plasma and tumor was integrated into the host
genome.'® The low plasma HPV DNA incidence is controversial, Three groups
(Sidransky et al..2? Pornthanakasem et al.,'® and Duenas ef al.39) reported the dis-
covery of plasma HPV DNA, but with different detection rates. Studies in the United
States and Thailand demonstrated 6% and 12% of ptasma HPV DNA from CC pa-
tients, respectively.'®:2? However, an incidence of over 70% was shown from a study
in Mexico.?® This difference may have been duc to technical factors. Nevertheless.
a number of lines of evidence support the low incidence. First, two groups. in the
United States and Thailand, showed the same finding by different cxperimental
approaches. Second, in addition to incidence, our data have demonstrated a strong
statistical correlation between the presence of plasma HPV DNA and distan
metastasis (p = 0.001).78 This correlation would be unlikely il positive resulls were
obscured by poorly sensitive or erroneous techniques. In addition. this correlation
with metastasis was also supported in head and neck squamous cell cancer patients
with positive plasma HPV DNA 3! Finally, the presence or absence of plasma HPV
DNA is not altered when repeatedly evaluating the same patient using different times
of sample collection before treatment. This consistency would not be likely without
an accurate detection method.

Regarding our recent study, among the 50 patients with HPV-associated CC.
20.75% revealed episomal HPV genome in their tumors. '® Interestingly, in all 6 cases
with positive plasma HPV DNA, no episomal DNA could be demonstrated in both
tumor or plasma. Hence, all plasma HPV DNA was in an integrated form and thus
should be free DNA. This lack of plasma HPV DNA from tumors with episomal virus
does not support the extrachromosomal hypothesis discussed avove. In addition, the
low incidence of HPV DNA in circulation and the low copy number (1-35 copies/
mL) of head and neck cancer ptasma HPV DNA suggest that,>! unlike EBV, there is
no or a less efficient mechanism for releasing HPV DNA into the circuilation.

VIRAL DNA IS A CIRCULATING TUMOR MARKER

High sensitivity and specificity have led to circulating EBV DNA becoming a
useful tumor marker, especially for patient follow-up (TaBLE 2). NPC is a form of
cancer with a high success rate of radiochemotherapy. However, many cases may
recur, even after very long periods of Tatency. Consequently, most NPC patients
require very consistent long-term follow-up. Some of them may require expcnsive
investigations, such as computed tomography scanning or invasive methods,
especially punch biopsy. Analyzing serum/plasma EBV DNA is an inexpensive and
noninvasive technique suitable for clinical monitoring. Whereas a very high inci-
dence and amount of plasma EBV DNA are shown prior to treatment, the DNA dis-
appears after completion of radiotherapy in patients with a complete responsc. The
plasma DNA reappears or persists in cases of recurrence or incomplete response to
treatment.'® Circulating EBV DNA may thus be used 10 determine the effectivencss
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TABLE 2. Correlation hetween serunvplasma ERY DNA in NPC and HI'V DNA In CC

EBV DNA in NIPC HPV DNA in CC
Qrigin Tumor cells Tumor cells
incidence 70-96%

6%. 12%. TO%

Copy number 4000-90,000 copics/mL 1-35 copies/mLP

Physical status Virus and episome Integrates into host genome
Proposed refeasing

Lytic replication, cell Tumor DNA and associated
mechanism

dcath, and cpisomal DNA  with metastasis

Diagnostic application Quantitative PCR for prog- Tumor marker for distant

nosis, immediate response  melastasis
to treatment, and early
detection of recurrence

“References 29, 14, and 30, respectively.
*Plasma HPFV DNA in bead and neck squamous cell cancer 2!

of reatment. For most patients, circulating viral DNA disappears within three weeks
after initiation of radiothcrapy. A few paticnts show persistent or reappearing DNA
during the later period of treatment. These later groups may reflect tumeor resistance
or metastasis.'® The usefulness of serum/plasma EBV DNA as a molecular marker
for patient monitoring is most effective when analyzed quantitatively. This PCR
technique provides more detailed information of viral load, which is related to tumor
mass. Thus, quantification of plasma EBV DNA yields better information not only
regarding tumor recurrence. but also concerming the immediate response of
treatment and pmgnosis.”"g-n'-“

Unforwenately, the lower incidence of plasma HPV DNA makes the test less
attractive. However, the strong association with distant metastasis (p = 0.001,
RR = 15.87) may allow this marker to be useful in this aspect (TasLE 2).!® This
association is not surprising since scverak reports have revealed plasma twmor DNA
1o be more commonly detectable in advanced stage disease and metastasis, to corre-
late with unfavorable clinical outcome, and to be associated with a tendency 10 fail
in treatment. 2343435 There are at feast three possible explanations for the associ-
ation between plasma CC DNA and metastasis. The most common hypothesis is that
circulating cancer DNA is due 1o the lysis of circulating cancer cells or micro-
metastases shed by the tumor. Circulating micrometastatic CC cells have been found
by anatyzing HPV-specific mRNA in peripheral blood cells of advanced stage CC
patients with metastasis.’® Second, some in vitro and in vivo studies have suggested
that circulating tumor DNA in plasma might play a role in metastasis because of its
high transforming aclivity.” Finally, there is a tendency towards poor clinical out-
come for plasma HPV DNA-positive CC patients. The mechanism to actively
release tumor DNA into the circulation might occur late during the multistep process
ol CC development when metastasis is more likely.

Dectection of plasma HPY DNA may thus be an early sign of distant CC metastasis.
In our recent study,'® 3 out of 6 CC patients found to have plasma HPV DNA had
distant metastasis at the time of cvaluation. Intcrestingly, the remaining 3 plasma
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HPV DNA-positive palicnts, who were at stage [18, did not have as good a clinical
outcome when compared with the other plasma HPV DNA-negative patients and
developed recurrence of distant metastasis within one year afier treatmient. Although
CC distant metastasis is rare at the time of first admission, it is frequently discovered

if the discase recurs. Consequently, plasma HPV DNA may be a usclul marker 1o
screen for undetectable metastasis or to monitor paticnts after treatment.

APPLICATION TO OTHER VIRAL-ASSOCIATED CANCERS

Evaluating circulating viral DNA as a tumor marker can be applied 10 other
malignancics. A similar incidence and condition with treatment of plasma viral DNA
to NPC has been reponed in EBV-associated lymphoma,» Thus, the same concepts
might be applicd to this and other viral-associated cancers. There are other EBV-
associated malignancies, that is. gastric cancer or HPV-associated cancers, and
malignancics of the upper airway, skin, and anogenital ergans. In addition. other
DNA and RNA viruses that can causc cancers, such as hepatitis B and C virus and
HTLV-1, may also be studied.? A high frequency of the hepatitis viral genome has
been discovered in hepatoma patients.’® Unfortunately, the viral genome is not
distinguishable between patients with hepatoma and chronic hepatitis, limiting the
uscfulness of detecting viral hepatitis DNA as a tumor marker. HTLV-1 infects cir-
culating T lymphocytes;*® thus, there is no obvious advaniage in using plasma nucleic
acid as a diagnostic larget for leukemia associated with this virus. Nevertheless,
better understanding of how tumors reicase viral genomes into the circulation may

provide a better understanding of the biology of viral carcinogenesis and may lead
to future clinical applications.
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Abstract

Background: Nasopharyngeal carcinema (NPC) is 2 rare tumeor in most parts of the world but
occurs at relatively high frequency among people of Chinese descent. The cytochrome P450 2E|
enzyme (CYP2EL) is responsible for the metabolic activation of nitrosamines, and has been shown
to be a susceptibility gene for NPC developmentin Taiwan [RR = 2.6; 953%Cl = 1.2-5.7]. Since there

has been only one report of this link, it was decided to investigate the susceptibility of CYP2E] o

NPC development in other populations. Therefore, the correlation between the Rsal

polymorphism of this gene and NPC was studied in-patients including Thai and Chinese in Thailand.
The present study comprised 217 cases diagnosed with NPC and 297 healthy controls.

Results: Similar to the result found in Taiwanese, a homozygous uncut genotype demonstrated a
higher relative risk both when all cases were analyzed [RR = 2.19; 95%Cl = 0.62-8.68] or individual
racial groups, Thai [RR = 1.51; 95%Cl = 0.08-90.06) or Chinese [RR = 1.99; 95%Cl1 = 0.39-10.87].
The ethnicity-adjusted odds ratio is 2.39 with 95%Cl, 0.72-7.89.

Conclusions: . Though our finding was not statistically significant due to the moderate sample size
of the study, similarity to the study in Taiwan with only a slight loss in precision was demonstrated.
The higher RR found for the same genotype in distinct populations confirmed that CYP2E[ is one

of several NPC susceptibility genes and that the Rsal minus variant is one mutation that affects
phenotype.

Background Southern Chinese who reside in Guangdong Provincee, at -
Nasopharyngeal carcinoma (NPC) is a rare tumor in  an incidence rate 30-50 per 100,000 people/year, in
most parts of the world, with annual age-standardized  contrast with <1 per 100,000 people/year in white Euro-
incidence rates typically below 1 per 100,000 people/

peans [2,3,4,5]. The discase also occurs at moderate fre-
year in both sexes [1]. The tumor occurs most often in quencies (3-10 per 100,000 people/year) in several non-
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Chinese ethnic groups such as Malay, Thai und Vietnam-
ese [6). Numerous fuctors, both environmental and pe-
nctic, have been associated with the risk of developing
NPC. The environmental factors include infection with
the Epstein-Barr virus (EBV), as well as frequent con-
sumption of high levels of nitrosamine from preserved
food such as salted fish {7,8,9]. In addition, host factors
also play a major role in NPC development. Unique alle-
les of the human leukocyte antigen (HHLA) and oyto-
chrome P450 2E1 (CYP2E1) have been shown ta he
associated with high relative risk in several Asian cthnic
groups, including the Chinese in Toiwan [10,1112].

CYP2E1, an enzyme involved in the metabolic activation
of procarcinogens into reactive intermediates capable of
forming adducts and damaging DNA, is believed to play
an essential role in chemical carcinogenesis [13,14]. Nit-
rosamine is a substrate of CYP2E1. It is belicved that ni-
trasamine, once activated ean lead to the development of
numerous cancers [15]. Studics have also demonstrated
that CYP=zE1 is expressed in the nasal epithelium of hu-
man [16). Evidence from previous epidemiological stud-
ies has suggested that salted fish is a food preferred by
Chincse people and contains nitrosamines and nitro-
samine precursors [9]. Therefore, CYP2E! ix belicved to
render the nasophammgeal epithelium susceptible to
NPC development. A previous study in Taiwan emploved
a PCR-RFLP (polymerase chain reaction-restriction
fragment length polymorphism) assay using the restrice-
tion ennyme Rsal in order to compare wild-type (+/+)
and varian! forms {-/-) of the CYP2E} gene between NPC
patients and the general population [10,11). The variant
form of contains CYP2Er polymorphic mutations in the
distal 5’-flanking region of the gene, causing a marked
difference in its transcriptional activity, as shown by CAT
(chloramphenicol acetyltransferase) [17). The Taiwanese
association study showed that individuals homozygous
for the variant allele (-/-) were at an increased risk for
NPC development (relative risk ([RR) = 2.6, 95% conti-
dence interval [CI) = 1.2-5.7) [11]. There are many Chi-
nese people who have immigrated and permanently lived
in Thailand for 2 to 3 gencerations, resulting in a mixed
population of Thai and Chinesc people. From clinical ob-
servation, we had observed at east one-third of NPC pa-
ticnts were Chinese in origin. Since the susceptibility of
CYPzE: gene to develop NPC had only been reported
from Chinesc people in Taiwan, it was decided to inves-
tigate whether this allele played the same role in other
populations. Therefore, we studicd the correlation of the
polymorphism of the CYP2E1 gene with NPCin Thaiand
Chinese populations in Thailond.

hltp:/iwww biomedcentiral.com/1471-2407/1/4

Materials and Methods

Sampie collection

Blood samples were obtained by venipuncture from 217
NPC patients at Chulalongkorn Hospital and 267 healthy
bload donors. All subjects were interviewed and separat-
ed into two groups, Thai and Chinese, based on their
gruandparents’ ethnie origin, When their ancestors, in-
cluding their great grundparents, originated from China,
the patients were considered Chinese. When their ances-
tors originated from Thailand, the patients were consid-
ered Thai. There were 99 Thai and 98 Chinese in the

control group. The NPC patient group included 132 Thai
and 56 Chinese.

PCR-RFLP anclysis

Genomic DNA (0.1 i) extracted trom leukocytes was
used for each PCR analysis. The amplification was per-
formed with primers as deseribed previously by Havashi
et al. The total reaction volume of 50 ul consisted of 20
uM Tris-HCl (pH 8.4), 5o mM KCI, 1.5 mM MgCl,, 125
ubM deoxynucleoside triphosphate, 0.2 uM primers, 4 U
Taq DNA polymorase (Gibeo), and 0.2 pg of template
DNA. The PCR conditions were 40 cyeles at 92°C for 1
minute, 60°C for 1 minute and 72 for 2 minutes in a Per-
kin-Elmer/DNA  thermal Cycle 480 Genobype o of
CYP2E! pene were determined by RFLP analysis. Twenty
tmicroliters of PCR products were digested with 10 U
Rsal restriction enzyme (New England Biolabs) over-
night at 37°C. The restricted products were analyzed by
electrophoresis on 2% agarose gel. Bands were visualized

with an ultraviolet transiliuminator after cthidium bro-
mide staining.

Statisticol Analysis

The relative risk (RR) was estimated by the odds ratio
method, to determiine the correlation between genotype
of the CYP2E1 gene and NPC development. In addition,
the RR was used to estimate the association of the pat-
tem of genetic inheritance of the CYP2E7T gene and NPC
phenotype. The 95% confidence interval (C1) was com-
puted todetermine the statistical significance of the find-

ings. The RR and 95%CI was calculated by using Exact
method from Epit info version6 program.

Results

In the present study, we investigated the correlation be-
tween the polymorphism of the CYP2E! gene and NPC
on a total of 217 patients and 297 controls. The diagnosis
of NPC was confirmed histologically and by the presence
of EBV DNA in the tumor. PCR-RFLP analysis was used
to evaluate Rsal polymorphism in the CYP2E1 gene (fig
1). The distribution of alleles in all, Thai and Chinese
were found to be in Hardy-Weinberg equilibrium. The
calculated frequencies of heterozygous using 2x(+/+)"/2
X (-/’-)‘/2 were 0.532, 0.26, 0.42 from all, Thai, and Chi-
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Figure 1
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- 410 bp
-——— 60 b

PCR-RFLP assay to detect the polymorphism of the CYP2E! gene by Rsal enzyme digesting the 410 bp PCR product inta 360 bp
and 50 bp fragments. Lane |, homozygous variant {-/-}; Lane 2, heterozygous (+/-}: Lane 3, homozygous wild type (+/+).

nese NPC patients, and ©.32, 0.26 and 0.42 from all,
Thai and Chinese control, respectively. These numbers
are similar to actual frequencies of heterozygous from all
groups, 0.32,0.28,0.42,0.35,0.28,0.52 from all, Thaiand
Chinese patients and all, Thai and Chinese control, re-
spectively. We found the relative risk of the variant form
(-/-) of the CYP2E1 gene at a high risk (RR = 2.19). How-
ever, this result had no statistical significance [95%Cl =
0.62-8.68]. To evaluate whether the lack of significance
of the trend was due to a mixed genetie background, both
patients and controls were analyzed according to the or-
igins of their ancestors (Thai or Chinese). A slightly in-
creased risk of the variant from (-/-) of the CYP2E! gene
could be demonstrated in both the Thai and Chinese
sample groups [RR = 1.51; 95%Cl = 0.08-90.06, RR =
1.99] 95%CI = 0.39-10.87, respectively]. Nevertheless,
no statistical significance could be established. The esti-
mated crude odds ratio lies outside of two ethnicity-spe-
cific odds ratios for Thai and Chinese indicates ethnicity
is a confounder in this genotype-phenotype association.
Odds ratio for the combined group of subjects with eth-
nicity information can be calculated with adjustment for
ethnicity. The cthnicity-adjusted odds ratio (-/-vs +/-) is
1.86 (95%CI = 0.55-6.31). A similar adjustment using the
whole sample of three groups, Thai, Chinese, and ethnic-
ity unspecified showed an odd ratio of 2.39, with only a
slight loss in precision (95%C! = 0.72-7.89). This is clos-

er to the odds ratio of 2.6 from the study in Taiwan. Fur-
thermore, Thai-Taiwanese comparison was done
quantitatively by testing Ho:OR{Thai)=0R(Taiwan). Us-
ing Mantel-Haenszel test for odds ratio homogeneity, the
p-value was 0.81. Thus there is no statistical different for

the role of CYP2E1 on NPC development between these
two populations.

In this study, we further analyzed the association of the
pattern of genetic inheritance of CYP2E1 gene and NPC
phenotype by calculating the relative risk if the genotype
were cither autosomal dominant (AD) or autosomal re-
cessive (AR). In autosomal dominance, the contribution
of a single vartant allele would show a higher RR. Thus
the RR for the combination of the heterozygous (+/-) and
the variant form (-/-) compared with wild type (+/+)
were computed. There was no association between AD
heredity and NPC risk in the total, Thai, and Chinese
sample groups [RR = 1.00; 95%CI = 0.68B-1.47, RR =
1.01; 95%Cl = 0.55-1.87, RR = 0.84; 95%CI = 0.41-1.71,
respectively] (Table 2). By contrast, AR inhentance re-
quires an abnormality in both alleles of the CYP2E1 gene.
The RR were calculated by comparison between the wild .
type (+/+), the heterozygous (+/-) or the combination of
the wild type and heterozygous (+/+ and +/-) and the
variant form (-/-). A higher RR value in all comparisons
was shown for AR heredity in all sample groups (Table
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3). However, these results showed no statistical sipnifi-
cance for either the AD or AR pattern.

Tabte |: Frequency distribution and relative risks associated with
genotype varlants ofCYP2EI detected RFLP using Rsal

CYP2EI Frequency RR 95%CI
Cases Cenrtrots
Total 2t 7' 197
+[+ 138 189 1.00
+ |- 71 103 0.94 0.64 - 1.39
Y 8 s 2.19 0.62 - B.68
Thai 32 99
+)+ 23 70 1.00
L 37 28 099 0.54 - 186
i- ' 2 b 151 008 - 9006
-hinese 1 98
* |+ 27 43 1.0
+/- 24 51 0.75 0.36 - 1.57
-1- 5 4 1.99 0.39 - 1087

" 29 cases lack precise information regrarding ethnicity +, The allele

could be digested with Rsal enzyme -, The allele could not be digested
with Rsal enzyme

Table 2: Correlation between Autasomal Dominant (AD)} pat-
tern of geneticCYP2E( gene and NPC phenotype

CYP2E| Frequency RR (am 95%ClI
Cases Controls
Total
i+ 138 t89 i.00
+/-and -7 - 79 108 1.00 068 . 147
Thai
I+ 33 70 1.00
+/-and-/- 39 29 1.01 0.55 - 1.B7
Chirrese
++ 27 43 1.00
«/-.and-/- 29 55 0.84 041 - 171

+, The allele could be digested with Rsal enzyme -, The allele could not
be digested with Rsal enzyme

htip://www biomedcentral.com/147 1-2407/1/4

Table 3: Correlation between Autosomal Recessive (AR) pattera
of genetiecCYPIEL gene and NPC phenotype

CYP2EI Frequency RR (anry 25%CH
Cases Controls

Total
i+ ii8 189 1.00
- - 8 5 2.19 062.8.68
/- 71 103 1.00
- - 8 5 2.32 064-9136
«f+and + - 209 292 1.00
-1 - 8 5 224 0631-880
Thai
[+ 93 70 1.00
- 2 1 151 008 .90.06
+/- 37 28 1.00
- 2 ! 1.51 007 - 92 44
+/+apd + /- 130 98 1.00
- - 2 I .51 0.08 - 89.84
Chinese
+ [+ 27 43 1.00
- S 4 1.99 0.39 .1087
+7- 24 51 1.00
-1 - 5 4 166 05! 14.48
+/+and + /- 51 94 1.00
-4 5 4 2.30 0.47 - 12.08

+, The allele could be digested with Rsal enzyme -, The allele couid not
be digested with Rsol enzyme

Discussion

We have shown an increased risk of developing NPC as-
sociated with the homozygous variant form of the
CYP2E1 gene. This higher RR was demonstrated in both
the Thai and Chinese populations in Thailand. This find-
ing was similar to the result reported from Taiwan. How-
ever, these results were marginal statistical significance,
which may well be due to the small sample size employed
in the present study. Thus the CYP2E1 gene appears to be
a susceptibility gene for NPC development regardless of
the patient's genetic background. Patients of both Thai
and Chinese ethnic origin revealed a higher relative risk
from the same allele, despite their distinct ancestry. Thus
it is more likely that the Rsal negative allele affects the
phenotype directly rather than being a consequence of
linkage disequilibrium from another mutation or gene.
This confirms the previous finding that the polymorphic
Rsal site was essential for a marked difference in tran-
scriptional activities [17]. A higher level of expression in
the variant form would result in larger amounts of pro-
carcinogens being changed into carcinogens, that then
produce DNA damage. The affect of the distinct expres-
sion level of & metabolic gene should be reduced if the
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person with abnormal genotype is not exposed to the
substrate. For example, Phenylketonuria (PKU) patients
would not demonstrate mental retardation if they were
prevented completely from exposure to tyrosine (18], In
other words, a mutation can not causce the phenotype
without interaction from environmental factors, Regard-
ing NPC development, the role of CYP2E1 variant may be
varied upon the amount of consumed salted fish and/or
presernved foods that contain nitrosamine and nitro-
samine precursors,

Conclusion

Result of the reported erude odds matio is 2.19 [95%Cl =
0.62-8.68]. If the result is adjusted odds ratio, it will be
2.239 [95%Cl1 = 0.72-7.89], which is closer to the Taiwan-
cse odds ratio of 2.6, with only a slight loss in precision.
Thus, this study confirmed a previous study in Taiwan
Ahat CYP2E1 appears to be one of u number of NPC sus-
ceptibility genes and the Rsal minus variant is not justa

polymorphism but directly influences the development
of the phenotype.
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PERB11 (MIC) as a possible susceptibility gene

for nasopharyngeal cancer development
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Background - There have been many studies indicating that a gene located
near HLA A2 and HLA B46 is a tumor susceptibility gene
involved in nasopharyngeal cancer (NPC) development. PERB11
(MIC) is a candidate gene since it is linked to HLA B.

-Objective * To investigate the association between PERB11 (MIC) and the
probability of having NPC.

Materials and Methods : The frequencies of six alleles from a triplet repeat polymorphism
of the transmembrane region of MICA (PERB11.1) were analyzed
by PCR from 300 healthy blood donors’and 171 NPC patients’
DNA samples. The relative risk was estimated by odds ratio to
determine the allele association with NPC patients in comparison

with normal controls.

Department of Microbiclogy, Faculty of Medicine, Chulalongkorn University
Department of Anatomy, Faculty of Medicine, Chulalongkarn University

Depanment of Clinical Immunology CMII-KKU Institutional Cooperative Centre, Faculty of Associated Medical
Sciences, Khon Kaen University

LI LY

Department of Medicine, Faculty of Medicine, Chulalongkorn University
*+*** Department of Otolaryngology, Faculty of Medicine, Chulalongkom University
wee=s*Depariment of Pediatrics, Faculty of Medicine, Chulalongkomn University -



208 Jdu wIsuinwN uREAME Chuls Med J

Result : The frequency of the A6 ailele, but not others, was increased in
the patient group, as compared with the control group (RR = 1.6,
P <0.05, OR =160, 95 % CI = 0.98-2.63).

Conclusion : One particutar allele (A6) of the PERB11 (MIC) gene present;s at
a higher frequency in NPC patients than in controls. This
suggests a possible association of NPC daveloprment with the
PERB11 gene.

Key words : PERB11 (MIC) gene, Polymorphism, Nasopharyngeal cancer.
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The etiology of nasopharyngeal carcinoma
(NPC) has opened an interesting field of study
concerning the interptay between genetic and
environmental factors combined with Epstein - Barr
virus (EBV} infection. NPC is rare among Caucasians,
with incidence rates below 1 per 100,000 persons/
year. Among Chinese, with a high incidence rate (30 -
50 per 100,000/year) and Southeast Asians with an
intermediate rate (3 -10 per 100,000 peopie/year), the
possibility of a genetic contribution becomes apparent.
There have been many reports indicating various
human leukocyte antigen (HLA) alleles are associated
with NPC. The link between HLA and NPC was
first reported in Singapore ‘" and this finding has
subsequenlly been confirmed in severat countries in
Asia. " All have demonstrated the association with
HLA-A2 and HLA-B46 (relative risk = 2.35). However,
HLA-A2 subtyping studies have shown that it is
unlike' to play a role in the EBV clearance hypothesis.
In addition, in a causative association the risk would
increase if both HLA-A2 and B46 were inherited on
the same chromosome, i.e. haplotype. In contrast,
this HLA haplotype in non-Chinese patients is nol
associated with NPC. These data suggest that HLA
is not the susceptibility gene per se, but the NPC
susceptibility gene locus is most likely to reside within
the HLA region.

PERB11 (MIC), a major histocompatibility
complex (MHC) class | chain-related gene, is located
in the HLA region. PERB11.1 (MICA), an expressed
PERB11, has recently been identified to be located
near the HLA-B locus “* and displays 6 distinct alleles
of microsatellite polymorphism in the transmembrane
(TM) region.*® MICA is frequently expressed in

epithelial tumors. Upcn interaction between MICA

e wimunwn uaeaoie Chu

and its receptor NKG2D, diverse innate anti-tumor
NK cell and antigen-specific T-cell responses are
triggered. ™ Therefore, PERB11 (MIC) is a candidate
tumor susceptibility gene.

In this study, we have investigated the
correlation between short tandem repeat poly-
morphisms in the TM of PERB11.1 (MICA) and NPC
development in a total of 171 cases diagnosed with
NPC and 300 controls. The hypothesis was that if one
of the alleles was significantly increased in the
patients, as compared with the control group, the
PERB11 (MIC) gene might be a NPC susceptibility

gene.

Method
Samples and DNA extraction

Blood samples were obtained by venipuncture
from 300 healthy blood donors (Thai Red-Cross Society)
and 171 NPC patients (Chulatongkom Hospital and
National Cancer Institute). The diagnosis had been
confirmed histologically and by the presence of EBV
DNA in the tumors. DNA was extracted from blood

leukocytes by methods previously described. ®

PCR

For analysis of the microsatellite repeat
polymorphism in the TM region of the MICA gene,
PCR primers flanking the TM region were used
{(MICASF 5-CCTTTTTTTCAGGGAAAGTGC-3', MICASR,
5-CCTTACCATCTCCAGAAACTGC-3"). ¥ The PCR
reactions were performed in a total volume of 10 pl
using 50 ng of gemomic DNA, 200 uM each dNTP,
10 uM Tris-HCI (pH 8.4), 50 mM potassium chloride,
2.5 mM magnesium chloride, 0.5 units of Thermus

aquaticus DNA polymerase (Perkin ElImer Cetus) and
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0.1 uM of each primer. One of each primer pair was
end labelled at 37°C for 1-2 h in a total volume of
10 pl containing 10 uM primer, 0.025 mCi [y *P] ATP
(Amersham Pharmacia Biotech) at 3000 Ci mmol™,
10 uM magnesium chloride, 5 mM DTT, 70 mM
Tris-HCI (pH 7.6) and 10 units of T4 polynucleotide
kinase {New England Biolabs). Without further
separating of the unincorporated nucleatides, the
kinase reaction was added to the PCR buffer mix.
The PCR ampilifications were performed as follows:
initial denaturation at 94°C for 5 min, followed by 25
cycles of denaturation at 95°C for 1 min, annealing at
55°C for 1 min, extension at 72°C for 2 min and a
final extension at 72°C for 7 min.

Two micralitres of each reaction were mixed
with 1 pl of formamide-loading buffer, heated at 95°C
for 2 min, put on ice for 30 s and then loaded onto
6 % polyacrylamide/7 M urea gel. DNA fragments
were size fractionated at 70 W until the tracking dye
had covered the appropnate distance of the gel. After

electrophoresis, the wet gel was transferred to filter

#iu PERB11(MIC) nuntsiiimlinusiTalwzandonyn 211

paper {(Whatman), wrapped with Saran wrap and
exposed to a phosphorus screen; the bands were
visualized on Phospholmager using imageQuaNT

software (Molecular Dynamics).

Statistical Analysis

Gene frequencies were estimated by direct
counting. The significance of the distrubution of alleles
between NPC patients and normal controls were tested
by chi-square (x°} method with continuity correction
and Fisher's extra probability test (P value test).”
Compariscn between two groups was made with a
95 % confidence interval to estimate statistical

significance.

Result and Discussion

To address the possibility that MICA is a
susceptbility gene for NPC development, triplet repeat
polymorphisms in the TM region of PERB11.7 (MICA)
were investigated in 171 cases diagnosed with NPC

and 300 healthy blood donors as a control (Fig i).

(bp)

9 M issbp 10 11 12 13 14

Figure 1,

Microsatellite analysis of PCR-amplified products of triplet repeat polymorphism in the TM region of the

PERB11.1 (MICA) gene. Cases 1-14: nasopharyngeal cancer patients. M, molecular marker.
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PERB11 displays 6 distinct alleles nf microsatellite
polymorphism at the TM region The frequency of
A6 allele was significantly increased in the patient
group, as compared wath the control group (R.R =1.8,
P<Q05 OR =160.95% Cl=098-2.63)(Table 1)
but none of the other alleles showead any significant
association These data suggest a possible important
role for this allele in the development of NPC. Inter-
astingly, A6 is the same allele tound to be associated
with Beh?et chsease in the Japanese population ™
In conchusion. we have found that one particular
allele (AG)Y of the microsateliite (s present at a higher
frequency i NPC patrents than in controls Ye! since

the 95 % Cl contams the nominatos

1 e OR value
dhes not achweve significance The may well De due
to the small sample sire smployed in the present
stucly Since the TM polymoarphism s not well
corre red with polymaorptiams of the extraceluar
Aormoans, 1 is essential 1o further evaluate this
potymorphism to establish the relevance of thes gene

famity in NPC development
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Casc Report

Astroblastoma: Report of a case with
microsatellite analysis

Shanop Shuangshoti,! Woranart Mitphraphan,” Somructai Kanvisetsri,' Lisa Griftiths.
Yot Navalitloha.' Wichai Porathanakasem® and Apiw:at Mutirangura?
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A S-vear-old girl who developed progressive headache.
vomiting, und left hemiparcsis was found to have a eystic
tumor with an enhanced mural nodule in the ripght

frontoparictal region on a computed tomography examina-
" tion. The lesion was histologically and ultrastructuralls
verified as an astroblastoma, an uncommon ncuroepithelial
iumor of uncertain origin. Molecular snalysis using 17
micrusatellite markers on chromosomes 9, 10, 11, 17, 19,
and 22 showed loss of heterozygosity at the D19S412 locus
on the long arm of chromsome 19. This observation
suggests that there is a tumor suppressor genc in this

chromaosomal region. which plays u role in the pathogenesis
of astroblastoma.

Keyv wards: astroblastoma, glionun. Toss ol hoterossgosin
LIMOT SUPPICSSOr gend.

INTRODUCTION

Bailey and Busy originally described astroblastomas 1
1930 and considered their proenosis to be intermedinie
between that of astrocytoma and plioblastoma.’ Exuact
epidemiclogical data of astroblastomas are not available
but. in general, they are uncommon and most frequently
alfect young individuals. usually as circumscribed supru-
tentorial tumors.'?

Because of their rarity. information regarding the
genetics of astroblastomas ‘is scant. Cytologic analvsis of
one case demonstrated an abnormal hypodiploid karvo-
tvpe with 45 chromosomes and monosomies of chronwo-
somes MW, 210 and 22 and  two  additiona!  muarke
chromosomes in all cells studied.’ Molecular analvsis of

Correspundence: Shanop Shuangshoti, Mo, Department of Pathology,

Faculty of Medicine, Chulalongkorn University, Bangkok 10330,
Thailand.
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CLINJICAL SUMMAK

A Sacar-old el proesented wath a0 2o
ab progressive headache and vominme, Wy
It extremities was notiead T meindls prne
Noeurologcnt exammarieny vevealed Ielt ©
biliteral  papillicdenms v contrast-enhban. o
twmography 1T sean of e brain (e 0 o0 -
well-demurcated ovstic mass measuring of ~ -
hyperdense mural nodule in the right trontopa:
The lesion involved the right basal canelin o
and extended 1o the right posterior himty oo
capsule as well as into the deep white maiter <o
tobe. The right Lateriul ventricle was compress..
clfect. There was evidence of right uncal oo,
hernmiations.

Intraoperatively. the tumor wis totally ros :
vellow Muid was tound in the evstic comp
postoperative course was uneventiul. e pane:
megavoltage rudiation therapy.

METHODS

Scetions from formalin-tixed parallin-cinbe.i

were histologically  examined  with  hematon:
immunohistochemical studies were performcd s
lollowing antibodies: glial librillary acidic proten (0 =
$-100 protein, vimentin, epithelial membrane an:
(EMA) and neurofilament protein (NFY. Detnls
antibodies used and results are given in Table i Elec
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Table 1 Amibodies used in the immunohistochemicnl study ol astroblastoma
Antibodies Species Clanality Sonrce Ditutiom = Resul
Ani-GEAYP . o Raubhi IPolyelonid Diako IR :
Anti-S oD protem Rahhit Podyelonal (DHINE (1) 3 .
Ant-vimentin Muonse Monoctoual [RETAD | _?lm
Anli-LEMA Mo Monogional P ik 150
Ant-NIF Mouse Monoclonal [ HYTIN 1100

GFAT gliad ibritlary acidie proweim EM A epithelial membrane antipen: N ncurolilnaent. Db, B

Fig. 1
showing a well-circumscribed cystic mass with a moderately
enhanced mural nodule in the right frontoparictal region.

An axial postcontrast computed tomography scan

microsposy was carried oul using representalive lissue
extracted from a paraffin block.

LOH was determined using 17 microsatellite polyv-
morphic markers on chromosomes 9 (D9S1748: 9p21,
RPS6: 9p21_ IFNA: Gp22), 10 (D105196: 101 1.2, D10S178:
10pter-1lgter. D10S249: 10pter-10gter). 11 (D118S5343:
Hpl2-11pl 1.2 WT1: 11p13). 17 (D1751176: 17p13.1. TPA3:
17p3l.1. D1751876: 17pter-17qter). 19 (D19S47: 19q13.1.
ERCCIL 19q13.2, D195412: 19ql3.3) and 22 (D225281:
22q12.2-12.3, D228284: 22q13.1-13.2. D228282: 22ql13.2-
13.3). Information regarding the cytogeneltic localization of
the markers was obtained from the Genome Data Basc.

Refore microsatellite analyses, lumor DNA extracied
from 20 paraffin scctions of Spm thickness from a tissue
arca ol 20X 1.5ecm was amplified by degenerated
oligonucleotide-primed polymerase chain reaction (IDOP-
PCR) in a total volume of 50 uL as previously described.®
One strand of cach primer pair was end-labeled  as
described elsewhere.” The PCR reactions were performed
in a total volume of 10ul consisting of 200pumol/L
deoxyribonucleoside triphosphate, 10mmol/L. tris-HCL

cplI NG Sommeld. KCED LSmmeld MeCl. 0.0

P oo g as TYNOA polumcenase (Perkn Elmer 7
Naorwalle €0 TSN promcn coneentrations hotwess
s s U ol ad e ol pentonne 1IN A
trome both fonkoovie extraction and DO e e
cvtracted paraflin-embedded tissue.

soveral PO reactions have been optimatzed fes 2e
priner set s Tollowss an mitial denaturistion step et #°
tor 4 min. followed by 30 eveles ol denaturation at Y2/
Pmn. with foun annealing it 3370 extension ag 7
S and o mal eatension s 724 Tor T

Abguots <l ol vach reaction svere s
color rormamude-loading bunter, hewted oo0®
2. chilled ondce Tor 3usand then loaded ont
polvacrviamide 7mol/L urea gel. DNA fraoments w.
size-fractionated ot 70 We.unit until the tracang die b
reached the appropriate distance on the gel. After <
trophoresis the wet wel was transferred 1o Alter a0
{Whatman, Madstone, UK) covered with Saran wres o
cxposed Lo a phophorous screen: the bands were viszzo
on g Plosphorlmager using ImageQuaNT™ cota
t Molecular Dynamics. Sunnvvale. CAUSAN

PATHOLOGICAL FINDINGS

The lesion  predominately  consisted of  perivisc.
pseudorosettes formed by neoplastic cells with coc
non-tapering cell processcs centrally radiating to 2:n
vascular channels (Fig. 2a). The tumor cells were round
oval and showed brisk mitotic figures. There was mzo
sclerosis of the blood vessels and stroma. Severzi -
of necrosis and occasional vascular proliferation w
encountered. Immunostainings for GFAP {Fig. 2b). -
protein and vimentin were positive. whereas nz2a
results were noted on EMA and NF.

lectron microscopy showed tumoer colls wats
detined cell borders (Fig. 3a). There were abundant -
intermediate tilaments within the cevioplasm  (Fi:
Basal lamina werc seen separating these ncoplasus «
from blood vessels. The  pathological
astroblastomu was made.

The D198412 locus was the only informative mara:
the long arm of chromosome 19 that showed LOK

diagne- -



4b). The other microsatellite markers on chromosomes Y.
10,11,17 and 22 demonstrated either maintenance of both
alleles or uninformative data. At least one informative
locus in each chromosome, however. was tested. A
representative microsatellite locus (D115554) showing
maintenance of both alleles was also depicted (Fig. 4a).

S Shuanoevhati et al.

Fig.2  Histapathologically anitee
Mastoma  predominately  consisgy
of (a) perivascular pseudoroselic
(HE). (b)Y Glial Abrillary acidic pr
lein immunostain highlights thic:
pon-tapering ccll processes radiatin
toward ot cemral  Dlood  vose
(astcrisk:  immunoperoxidos.
hematoxvlin counterstainy,

Fig.3 (a) Ultrastructurally, tums
cells posscss o well-demarcated e
border. (Bar =2 um). {(b) Abundur-
6-9-nm intermediate filaments e
demonstrated in the cvtoplasm. (Ba-
=05um).

DISCUSSION

In the recent World Health Organization classification
of the central nervous system tumors, astroblastomas
appear in the group of neurocpithelial tumors of uncertain
origin, reflecting their controversial histogenesis.”” The



Astroblasioma

@ N T (b) N T

D118554 D19S412

Fig. 4 Autoradiographs show (a) maintenance of both alieles
at DIISSS on chromosame Hp and (b)) loss of the upper
alleie at the DIYSHY Jocus on chromosome 194 Nonormal
lcuhocevie DNACT tumor DINAL

positivity w0 GFAP. S-100  protein. and  vimentin
immiunostains, together with the presence of intermediate
ffaments on clectron microscopy and the absence of
cpendvmal or neuronal features favor a putative astro-
c¢vtic origin.” Based on an electron microscopic. immuno-
histochemical. tissue and organ culture study showing
a ghial cell with features intermediate between those of
ependvmocytes and astrocytes, however, the tanycyte. a
glial precursor cell normally found scattered along the
cpendvmal hining of the embrvonal and nconatal mam-
muhian brain, was also considercd to be the cell origin
ol astroblastomas” Alhough the entity is not now
universally accepted. a series of 17 astroblastomas showing
distinct clinicopathological [eatures bhas recently been
described."”

A wcll-demarcated cystic mass with an enhancing mural
nodule could be one of several lesions that have a similar
radiological feature. including pilocytic astrocytoma.
ganglioglioma, plecomorphic xanthoastrocytoma (PXA)
and hemangioblastoma.’”' Pilocytic astrocytomas are
low-grade astrocvtic neoplasms that commonly occur in
childhood. Their most commeon locations are the midline
structures including the visual system, the hypothalamus
and the cerebellum, but not the cerebral hemispheres.'*"*
Although they are frequently encountered in the cerebral
hemispheres, gangliogliomas and PXA favor the temporal
lobes and most patients with these tumors present with
seizures."™'™"" Hemangioblastomas may also demonstrate
the same radiological finding but they are rare in
children,”™**

The histological differential diagnosis of astroblastomas
include ependymomas, papillary meningiomas and diffuse
astrocytomas. Ependymomas are common intraventricular
tumors but occasionally occur in the brain parenchyma.
The problem is more complicated by the fact that both
lumors show identical immunoreactivity, being positive

i ]
M

for GFAP. vimentin and S-100 protein.'® Nevertheless
cytoplasmic processes in ependymoma are typically firno
and taper towards central vascular channels, whereos
those in astroblastoma arc coarse and differ furthz~
in terminating on their target vessels as expende.
footplates.'”"" Extcnsive wvascular  sclerosis s wnotb.
linding suggestive oY astroblastoma.”

Vascular cores surrounded by neoplastic i
papillary meningiomas are distinctly similar to pueriv:ou
pseudoroscttes of astroblastomas.”™ Most memno. .
however, are dural-based lesions The lack of @ -
meningothelial  differentintion 1ogether we
immunohistochemistry showing reactiniiy toe o
negativity for EM A excludes this possabaias

It should be kept in nund that diltuse astro.
especially the gemistocytic vanant and  ghobl

(requently  contain focal  arcax ol parr
pseudorosettes. Therefore the diagnosis of Gistror
should be reserved for well-demarcated oliomes -

or mainly composed ol the characters<tie i
structure mentioned here.!**'

Electron microscopy is  essential 1o conh—
diagnosis of astroblastoma even though there
ultrastructural feature that can be reegard::
characteristic of this entity.’ The presence of «.:or.:sm
intermediate filaments is a consistent finding that »:< -
observed in the present case.” ™

LOH 19q in the present study of astroblastoma -~ 2.
that there mav be a tumor suppressor gene (135G
chromosomal region that plays a vole in astrob
oncogenesis. The locus D195412 also lies ame -
common sites of allelic loss in diffuse astrocvior - .
oligodendroglial tumors."” Because the TSG in trnc .. -
arm of chromosome 19 that is responsible for the dz- =1
ment of these central nervous svstem neoplasms has “a7
been identified. it remains to be elucidated whether x
these tumors are caused by mutations i the sam: -_
Microsatellite analysis on chromosome Ipinastrob. -~
is also of interest because oligodendrogliomas fre._:-
show LOH in this chromosomal region.’

A question may be raised as to whether LOH 1% -
present case is true or whether it has resulted false. r
allele dropout because the tumor DNA was extraciz -
paraffin-embedded tissuc while the constitution= D™
came from blood lcukocvtes. We do helieve. b ..
that such a possibility is unlikely because o min. -~
contaminated normal tissue (c.g. endothelial cells -~
the tumor) was amplified. as reflected by a wear .o
band in the tumor (T) lane (Fig. 4a). Both the contarz:nu-
normal and the tumor DNA were derived from th: sz~
paraffin blocks. Furthermore, it has been suggested that :
incidence of allele dropout during DOP-PCR = |
provided a large amount of tissue is used.”

-y
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In summary, an astroblastoma is reported in a 5-year-old
girl. The presence of allelic loss on the long arm of
chromosome 19 indicates that this chromosomal region
harbors a putative tumor suppressor gene related to
astroblastoma oncogencsis.
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