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Abstract

To clarify the role of high risk human papillomavirus (HPV 16,18 and 33) and Epstein-Barr virus
(EBV) infection in esophageal carcinogenesis in relation to expression of mutated p53 antioncogene,
we used PCR to amplify DNA sequences of these viruses and immunohistochemistry to detect p53
expression in formaline-fixed, paraffin embedded blocks including 12 normal esophageal and 27
esophageal carcinoma specimens. HPV and EBV DNA were found in 25% and 0% of normal
esophageal tissues and in 63% and 7% of esophageal carcinoma specimens, respectively. p53
expression was shown in 59% of esophageal carcinoma specimens only. HPV infection rate was
significantly higher ins pecimens from carcinoma cases as compared with normal esophageal tissue
obtained from cases without carcinoma. No correlation was found between p53 expression and/or the
presence of viral DNA (HPV/EBV) in regard to the age and sex of the patient, histological grade,
histological stage, depth of invasion, lymph node involvement, distant metastasis and the location of
the tumors, p53 expression was almost equally distributed between IIPV positive and negative
carcinoma cases. Our results suggest that most of the esophageal carcinomas are associated with HPV
infection and p53 mutations and there is no inverse correlation between HPV and infection and
expression of p53 in esophageal carcinoma (JPMA 48:138,1998).

Introduction

Esophageal cancer shows striking geographical variation in incidence! and has poorest prognosis
among malignant neoplasmsZ. The exact cause of this disease remains unknown despite the substantial

amount of data on esophageal carcinoma obtained in recent past®. Extensive epiderniological and
experimental studies have suggested several risk factors such as cigarette smoking, intake of excess

alcohol, hot foods, some specific nutritional deficiencies includingvitamin and mineral, and some

chemical substances in food especially nitrosamines and their precursorsl.

Like anogenital and other aerodigestive cancers sufficient data is now available to implicate human
papillomaviruses as one of the etiological agent in esophageal carcinogenesisl’3. Similarly, at molecular
level besides other genetic factors it has been found that alteration of pS3 which is one of the tumor
suppressor gene are quite common in this malignancy4. Recently in vitro studies showed that
oncoprotein E6 encoded by high risk HPV (type 16 & 18) binds to normal cellular p53 protein and
results in selective degradation of the latter, resulting in loss of the negative control normally exerted

by p535. Analysis of cervical cancer cell lines® and cervical carcinoma specimens7 have substantiated
these experimental facts, however, we could not observe this correlation in our recent studies involving
lazyngeal and gastric carcinomas®°. Therefore we decided to study a series of esophageal carcinomas
both for high risk HPV and p53 mutations. Moreover, we also studied role of EBV for the first time in
this malignancy, keeping in view the recent reports of presence of this virus in some cases of AIDS

associated esophageal ulceration’.



Materials and Methods

A variety of esophageal carcinoma specimens from 27 (20 male and7 female) patients with mean age of
66.2 (ranging from 46 to SO) years were obtained from the Pathology Laboratory of Fukui Medical
School Hospital, Fukui, Japan. Staging, grouping and histological classification were based on the

Guide. lines for the.clinical and.patho!dgic..studies on carcinoma of the esopbagus established by

Japanese Society for Esophageal Diseases '*.

Twelve specimens of normal esophagus (8 male and 4 female) obtained at autopsy from patients who
had died of causes other than malignancy and immunocompromised diseases, were also examined for
comparison. The mean ages of the patients with out gastric carcinoma wre 64.6 (ranging from 44 to 82)
years. All tissues had been fixed in 10% buffered formaline and embedded in paraffin. The paraffin
blocks used in this stud were stored at room temperature for 1-4 years.

Cell lines and Recombinant HPV DNA

Two cell lines (Raji and Daudi) containing EBV, obtained from Japanese Cancer Research Resources
Bank, were maintained in vitro according to the instmctions of the supplier. DNA from these two cell

imes and recombinant viral DNAs of HPV 16, 18 and 33 were used as targetDNA forPCR

amplification with their specific primers in control experiments as described previously®!'!.

DNA Extraction
DNA extraction was carried out according to the previously described methods for formaline-fixed,

paraffin embeddedtissues”! 12, The genomicDNAfmmthe celilines used as positive control was

prepared according to the established procedures'>.

Polymerase Chain Reaction (PCR)

PCR was performed as described before” 112, Twelve ul of the PCR products were routinely checked
for amplified DNA on 5% polyacrylamide gel.

Synthetic Oligonucleotides

All HP V, beta-globin gene and EBV primers and probes were synthesized on an ABI 381A DNA
synthesizer (Applied Biosystems, Inc., Foster City, CA). The sequences for HPV and beta-globin gene
primers and HPV probes were same as described before.1. The sequences of primers and probes for
EBNA 1 gene of EBV were modified from the previously published sequences and these were as
follows: sense priemr, S-GGACCTCAAAGAAGAGGGGAG, antisense primer; 5-
CTGGTCTTCCGCCTCCTCGT, probe, 5-TAACCATGGACGAGGACG GGGAAGAGGACG.

The size of the amplified fragmentby this set ofprimeris 76 bp. The oligonucleotide HPV and EBV
probes were labeled by phosphoiylation with -32p] ATP (specific activity >5000 Ciimrnol; I Ci= 37
GBq) (Amersham, Tokyo, Japan) and T4 polynucleotide kinase (Takara Biochemicals, Tokyo, Japan).
They were routinely purified by spun-column chromatography through I ml of Sephadex G-25 Medium
(Pharmacia, LKB Biotechnology, Uppsala, Sweden). This procedure gave probes with specific activity
of about cpm/ug.

Gligonucieotide Probe Hybridization

For detectionof HPV and EB V, the preparation of filters and protocols for prehybridization,
hybridization and washes were sme as described9’11. After the washes, the filters were dried and
exposed to XAR film (East-man Kodak Company, Rochester, NY) at -70C for 1-12 h.
Immunohistochemistry p53 staining was performed using a polyclonal antibody to p53 (CM1) and a 3-
layered immunoperoxidase method as described before®1>14. The intensity and pattern of p53
immunostaining were tabulated according to criteria reported by Midgley et all®. Briefly it was as
follows : +++, more than 70% of tumor nuclei were intensely stained: ++, between 10-70% of tumor
nuclei were intensely stained; +. less than 10% of tumor nuclei intensely stained and/or a variable
number of tumor nuclei faintly stained; -. tumor nuclei unstained.



Statistical analysis
Statistical analysis was perfonned using all parameters sepamtely and in a multi variate analysis. Two

sided P values of less than 0.05 were considered statistically significant.

Results

Twenty seven esophageal carcinoma samples from the same number of patients were screened for the
presence of high-risk HPV and EBV DNA. The specimens were also immunohistochemically stained
with p53 specific polyclonal antibody (CM 1). These results in relation to clinicopathological eatures

for prognosis of esophageal cancer are summarized in Table I.

lable 1. Clinicopathological data in relation o presence/absence of Human Papillomavirus (HPV) andfor Epstein Barr-virus (EBY) DNA and expression of p53
in esophageal squamous cell carcinoma
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'n.ih.'lh- imn |1nlql'||u|_j,||..|| sections Note: stage grouping depth of invasion, lvmph node metastasis, orpan metastasis and histological tvpes were based on the Guide
Lines for the Clinical and Pathological Studies on Carcinoma of the Esophagus in Japan i y

Detection of high risk HPV DNA

Of 27 cases 1 7(63%) were positive for at least one type of high-risk HPV. HPV 16, 18 and 33 DNA
was detected in 3 (18%), 4 (24%) and 16 (94%) cases, respectively (Figure 1, b,c,d). Six cases harbored
more than one type of HPV DNA. Only 3 (25%) of 12 normal esophageal tissues were found to harbor
HPV 33 DNA. HPV infection was significantly increased in esophageal carcinoma specimen as
compared with nonnal esophageal tissue (x2=4.79 p<0.05). No correlation was foundbetween the
presence of HPV DNA and any of the clinicopathological features for prognosis shown in Table 1

Detection of EBV DNA



EBV DNA was found in 2 (7%) of 27 carcinoma cases (Figure 1).

Figure 1. Detection of HPV 16, 18, 33 and EBV sequences in esophageal carcinoma specimens
Twenty seven esophageal carcinoma specimens and cloned HPV 16, 18, 33 and EBV DNA as a
positive control were amplified, spotted onto nylon filter and hybridized with a **P-labeled oligonu-
cleotide probe specific for HPV 16 (b), HPV 18 (¢), HPV 33 (d) and EBV (e). The urrasmenmht of

the specimens and positive control (P) in autoradiogram is as in the reference grid (a)
One of the case revealed simultaneous presence in the gastric carcinoma. There was no correlation
between the presence of EB VDNA and any of clinicopathological features for prognosis of esophageal
carcinoma. None of the normal esophageal tissues were found to contain EBV DNA.

Immunohistochemistry with p53 antibody p53 was detected in 16 (59%) of 27 cases. Seven cases
showed positivity confined to <10%(+) of tumor cells, 5 cases 10-70%(++) of tumor cells and inthe



remaining 4 cases more than 70% (+++) of tumor cells were positive for p53. In most of the cases the
immunoreaction was localized in nucleus of the neoplastic cells (Figure 2).

None of the normal esophageal epitheliurn adjacent to the neoplastic tissue and 12 normal esophageal
tissue was found positive for p5S3. Similar to other two parameters the expression of p53 also did not
correlate with any of the clinicopathological feature for prognosis of esophageal carcinoma.
Correlation between IIPV DNA/EBV DNA and expression of p53

There was no positive correlation among these parameters (Table II).



[able II: Correlation between HPV and EBV infection and expression of
p33 n 27 esophageal carcinomas.

HPV EBV pS3 Number of cases
t 0

i = 1 6

o

Total 17(80%)

27(100%)

e

2(6%)

16(66%)

Moreover, p53 expression was almost equally distributed between JJPV positive and HPV negative
carcinoma cases and 3 of the 4 cases revealing strong positivity (+++) with CM-i antisera were positive
for HPV DNA.

Discussion

Like cervical carcinoma, now sufficient data has accumulated to suggest etiological role of HPV in
esophageal carcinogenesisl. Several studies have demonstrated involvement of HPV in benign and
malignant lesions of esophagusl. Since first report in 1982 by Syrjalnen15 , who found HPV related
histological changes in 40% of patients with esophageal carcinoma, HPV now has been demonstarated
in these lesions by immunohistochemical and DNA hybridization techniquesl. Previous studies have
reported presence of high frequency of HPV DNA in esophageal carcinomatous lesions from China,
South Africa and Alaska nativesl. However, recently reports from J apan16’17 and France'8 have also
implicated HPV role in esophageal squamous cell carcinoma. In our present study both normal and
neoplastic esophageal specimens were found to harbor high risk HPV DNA. However, presence in
neoplastic lesion (63%) was significantly higher than normal esophageal tissues (25%). This is in
contrast to a report from Japan by Yasuhi et al'® who could demonstrate presence of high risk HPV in
only 3 of 45 (6.7%) cases, however, in another study from a different area inJapanby Furihata et al”,
HPV was found in 39% of esophageal carcinomas by in situ hybridization. This kind of discrepancy
although could not be explained, the variation in methodology may be an important factor in this
regard.

E§V has been implicated in lymphoid and nasopharyngeal malignancies, besides its more recent role in
gastric carcinomas!®?. It has also been reported in some cases of AIDS associated esophageal
ulceration!. We could fmd presence of EBV DNA in only 2 esophageal carcinomas and these two cases
has no distinguishing characteristics as comapred with the cases found negative. So at least in our



series EBV does not seem to be an important factor, although total number of cases analyzed is not
sufficient to make such conclusion.

Like other malignancies pS3 mutations are quite common in esophageal carcinoma®. Previous studies
have demonstrated presence of p5S3 mutation in upto 50% of squamous cell carcinomas and 67% of
adenocarcinomas. We found 59% of esophageal squamous cell carcinomas positive for p53 expression
by immunohistochemical method, which previously has been shown to be closely correlated with the

presence of p53 mutations?'. Interestingly most of the cases (11 of 16) which were found positive for
p33 also harbored high HPV DNA. Previous studies of cervical cell lines® and a series of cervical
carcinomas’ by the same group of investigators has shown the inverse correlation between the presence
of high risk HPV and the presence of somatic mutation of p53. Moreover, Furihata et al'” has also
demonstrated same relation in their study involving esophageal carcinomas. However, like our previous
studies involving laryngeal®, gastric” and female genital carcinomatous lesions?%, we could not observe
this inverse correlation even in esophageal malignancy. Moreover, 3 of 4 cases strongly positive (+++)

for p53 expressionwere positive for HPV DNA. Previously&g. we have suggested that our results may
be explained by presuming secondaiy.infection with HPV in these carcinoma cases which already had
pS53 mutations or due to heterogeneity of the tumor cells HPV infecion may be confined to those clones

of tumor cells which are lacking pS3 mutations. In a recent study Lam et al?? demonstrated positive
p353 staining in 100% of the human papilloma vims positive penile carcinomas. Moreover, now it has
been experimentally clarified that only binding of high risk HPV E6 to the core of p53 leads to its

degradation, but similar binding to C-terminal region has no effect on the integrity of p5323. Likewise

Suzuki et al** shoed that HPV 16 £7 immortalized HLEC cell line had acquired p53 mutation during
the immortalization process.

We could not find any correlation between the presence of HPV DNAIEBV DNA or p53 mutations and
any of the clinicopathological features for prognosis shown in Table I. However, this may be due to
relatively small number of cases analyzed in the present study.

Our results suggest that most of the esophageal carcinomas are associated with HPV infection and p53
muations and there is no inverse correlationbetweenHPVand infection and expression of pS3 in
esopahgeal carcinoma.

Acknowledgements

We are thankful to Drs. E.M. de Villiers and G. Orth and the Japanese Cancer Research Resource Bank
for pmviding HPV clones and cell lines used in ourcontrol experiments. We are grateful to Dr. Y.
Imamura Pathology Laboratory of Fukui Medical School for blocks and clinical data and also to Mt N.
Takimoto for expert technical assistance.

References

1. Chang, F.,, Syrjanen, S., Wang, L. et al. Infectious agents in the etiology of esophageal cancer.
Gastroentrology, 1 992;103: 1 336- 1348.

2. Robey-Cafferty, S.S., El-Naggar, AK., Sahin, A.A. et al. Prognostic factors in esophageal squamous
cell carcinoma. A study of histologic features, blood group expression and DNA ploidy. Am. J. Clin.
Pathol., 1991,95: 844-849.

3. Syrjanen, K., Gissman, L. and Koss, L.G. (eds). Papillomaviruses and human disease. Berlin,
Springer, 1987.

4. Chang,E, Syrjanen, S., Kurvinen, K. eta!. The p53 tumor suppressorgene asa common cellular targct



in human carcinogenesis. Am. J. Gastroenterol., 1993;88:174-1 86.

5. SchefTner, M, Wemess, BA., Huibregtse, J.M. et a!. The E6 oncoprotein encoded by human
papillomavirus types 16 and 18 promotes the degradation of p53. cell, 1990;63:1129-1136.

6. Crook, T., Wredo, D. and Vousden, K. V. p53 mutations in HPV- negative human cervical carcinoma
cell lines. Oncogene, 1991 ;6:873-875.

7. Crook, T, Wrede, D., Tidy, J.A et al. Clonal p53 mutations in primary cervical cancer: Association
with human papillomavirus negative tumors. Lancet, 1992;339: 1070-1073.

8. Anwar, K., Nakakuki, K. and Imai, H. Over-expression ofp53 protein in human laryngeal carcinoma.
Int. J. Cancer, 1993;53:423-426.

9. Anwar, K., Nakakuki, K., Imai, H. et al. Infection of human papillomavirus (HPV) and Epstein-Barr
virus (EBV) and p53 overexpression in human gastric carcinoma. Int.J. Oncol., 1996;7:391 -397.

10. Japanese Society for esophageal diseases. Guide lines for the clinical and pathologic studies on
carcinoma of the esophagus. 7th ed., Tokyo, Kanehara, 1989.

11. Anwar, K., Naiki, H., Nakakuki, K. et al. High frequency of human papillomavirus infection in
carcinoma of urinary bladder. Cancer, 1992;70: 1967-1973.

12. Anwar, K., Nakakuki. K., Imai, H. et al. High frequency of human papillomavirus (HPV) and p53
overexperession in human female genital tract carcinoma. JPMA; 1 996;46:220-224.

13. Maniatis, 1., Fritsch, E.F. and Sambrook, J. Molecular Cloning: A laboratory manual. Cold Spring
Harbor, New York., Cold Spring Harbor Laboratory, 1989, pp.9,16-19.

14. Midgley, CA., Fisher, C. J., Bartek, J. et al. Analysis ofp53 expression in human tumors: An
antibody raised againsthuman p53 expressed in Eacherichia coli. J. Cell. Sci., 1992;101:183-189.

15. Syrjanen, K.J. Histological changes identical to those ofcondylomatous lesions found in esophageal
squamous cell carcinomas. Arch. Geschwulstforsch, 1982,52:283-292.

16. Toh, Y., Kuwano, H., Tanaka, S. et al. Detection othuman papillomavirus DNA in esophageal
carcinoma in Japan by polymerase reaction. Cancer, 1992;70:2234-2238.

17. Furihata, M.,Ohtsuki, Y., Ogoshi, S. ct al. Prognostic significance of human papillomavirus
genomes (type-16, 18) and aberrant expression ofp53 protein in human esophageal cancer. Int. J.
Cancer, 1993;54:226-230.

18. Benarnouzig, R., Pigot, E., Quiroga, G. et al. Human papillomavirus infection in esophageal
squamous cell carcinoma in Western countries. Int. J. Cancer, 1992;50:549-552

19. Shibata, D. and Weiss, L.M. Epstein Barr virus associated gastric adenocarcinoma. Am. J. Pathol.,
1992;140:769-774.

20. Purtilo, D.T, Strohach, S., Okano, M et al. Biology of disease: Epstein-Barr virus associated
lymphoproliferative disorders. Lab. Invest. 1 992;67 :5-23.

21. Maestro, R., Dolcetti, R. and Gasparotto, D. High frequency of pS3 gene alteration associated with
protein over-expression in human squamous cell carcinoma of the larynx. Oncogene, 1992;7: 1159-
1166.

22. Lam, K. Y., Chan, A.C,, Chan, K.W. et al. Expression of p53 and its relationship with human
papillomavirus in penile carcinomas. Eur. J. Surg. Oncol., 1995;21 613-616.

23. Li, X. and Coflino, P. High risk human papillomavirus E6 protein has two distinct binding sites
within p53, of which only one determines degradation. J. Virol., 1996;70:4509-45 16.

24. Suzuki, T., Tsutsumi, K. and Nakajima, T. Spontaneous mutation of p53 gene in human
papillomavirus type 16 E7-immortalized human laryngeal epithelial cells. Acts Otolaryngol.,
1996;522:94-98.



