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Several studies have documented the frequent occurrence of
human papillomavirus (HPV) DNA in esophageal squamous cell carci-
nomas (ESCC) in patients from geographic regions where the inci-
dence of this type of cancer is high, such as parts of China. However,
the prevalence of HPV infection in ESCC in patients from low inci-
dence geographic regions, such as North America, remains controver-
sial. Therefore, this study evaluates the prevalence of HPV in ESCC
in patients from North America, a region where the population is
considered at low risk for the development of this neoplasm. ESCCs
in 51 patients from three North American cities were analyzed for
the presence of HPV DNA by a highly sensitive and specific polymer-
ase chain reaction (PCR) method. Tumor DNA was extracted from
formalin-fixed, paraffin-embedded tissue specimens and assayed by
PCR using an L1 HPV consensus sequence primer, as well as HPV
16 and HPV 18 E7 region primers. The use of consensus primers to
the L1 region allows for detection of most known HPV types and
many novel HPV types. Appropriately sized reaction products were

Squamous cell carcinoma is the most common ma-
lignant epithelial neoplasm of the esophagus world-
wide."* However, the risk of acquiring esophageal squa-
mous cell carcinoma (ESCC) varies widely among
different geographic regions. The annual incidence of
ESCC in North America and other low-risk regions
ranges from 1.1 to 2.6 per 100,000,"** whereas the an-
nual incidence in high-risk regions, such as Northern
China and regions of Iran exceeds 130 per 100,000.*
Moreover, within some high risk areas, striking differ-
ences in the incidence of ESCC occur over short dis-
tances.? For example, in the Henan province of China,
the highest mortality rate of 161 per 100,000 (for men)
occurs in Linxian, whereas the mortality rate for men
in Fanxian, approximately 100 miles to the north, is
only 27 per 100,000.>

The wide geographic variation in incidence of
ESCC within genetically homogeneous populations im-
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analyzed by restriction fragment length polymorphism (RFLP) to con-
firm the presence and type of HPV, and to exclude products pro-
duced by amplification of human DNA sequences. After complete
analysis, only one case (2%) of ESCC was HPV DNA positive. This
case was independently confirmed using L1 and E7 consensus primers
as HPV type 16 and was the only case that tested positive with either
assay. These results show that, in contrast to geographic regions where
ESCC is prevalent, HPV infection occurs infrequently in association
with ESCC in patients from North America. HUM PATHOL 28:174—
178. Copyright © 1997 by W.B. Saunders Company
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Abbreviations: HPV, human papilloma virus; ESCC, esophageal
squamous cell carcinoma; AJCC, American Joint Committee on Can-
cer; PCR, polymerase chain reaction; RFLP, restriction fragment
length polymorphism; dCTP, deoxycytidine triphosphate.

plies a causal role for environmental factors in the
pathogenesis of ESCC. Epidemiological studies have
shown that environmental factors, including tobacco,
alcohol, and certain dietary products, are associated
with the development of ESCC in both high and low-
risk geographic regions.*'?

Human papillomavirus (HPV) infection has been
described in a high proportion of ESCCs in high-risk
regions worldwide. For example, HPV-like DNA se-
quences were detected in 24% to 60% of ESCCs from
high-risk re%ions, such as parts of China, South Africa,
and Iran.’*'® These data have led to the hypothesis that,
similar to cervical squamous cell carcinoma, HPV infec-
tion is associated with the development of ESCC."

In contrast to geographic regions at high-risk for
ESCC, only a few cases of ESCC in patients from low-
risk regions, such as North America, have been system-
atically analyzed for HPV DNA.'%®' Therefore, this
study evaluates the prevalence of HPV DNA in a cohort
of North American patients with ESCC using a highly
sensitive and specific polymerase chain reaction (PCR)
technique.?”®" This method increases the sensitivity
over traditional PCR-based approaches and allows for
the simultaneous identification of the specific HPV type
in addition to nonspecific amplified non-HPV DNA se-
quence contaminants.?”*' The use of consensus primers
for distinct regions of the HPV genome detects most
known HPV types, including types 6, 11, 16, 18, 31, and
33, and can also detect novel HPV types based on RFLP
digestion patterns.””** We used this method to evaluate

174



HUMAN PAPILLOMAVIRUS IN ESOPHAGEAL CARCINOMA (Turner ef al)

the prevalence of HPV infection in 51 cases of ESCC
from North American patients.

METHODS
Study Group

The study group consisted of 51 patients who had under-
gone esophagectomy for resection of primary ESCC. These
cases were retrieved from the surgical pathology files of Mt.
Sinai Hospital (Toronto, Canada); Brigham and Women’s
Hospital (Boston, MA); New England Deaconess Hospital
(Boston, MA); and Baptist Memorial Hospital (Memphis,
TN), with all three cities being equally represented. Only
patients of North American descent were selected, and those
who either immigrated to North America or had extensive
travel histories were excluded from this study.

All resection specimens were fixed in 10% buffered-for-
malin, routinely processed, embedded in paraffin, and
stained with hematoxylin-eosin. The following parameters
were evaluated: anatomic site (upper, middle, or lower esoph-
agus); histological grade (well, moderately, or poorly differen-
tiated); depth of invasion; and lymph node metastases. Infor-
mation regarding the anatomic site was not available in 13
cases. The pathological American Joint Committee on Cancer
(AJCC) stage was determined for each case. A representative
paraffin block from each case containing invasive squamous
cell carcinoma was selected for DNA isolation.

Archival DNA Isolafion

Serial tissue sections (6 um thick) were cut from each
paraffin block using disposable microtome blades. Routine
precautions to avoid cross-contamination were undertaken as
previously described.”* Four tissue sections were placed in an
Eppendorf microcentrifuge tube with 500 L of proteinase
digestion buffer, 50 mmol/L Tris (hydroxymethyl) amino-
methane, pH 8.5, 1 mmol/L ethylenediaminetra-acetic acid,
200 pg/mL proteinase K, and 0.5% Tween 20 (Sigma Chemi-
cal, St. Louis, MO). After incubation for 4 to 8 hours at 62°C,
250 uL of a 50% slurry of Chelex (Bio-Rad, Hercules, CA) in
distilled water were added and the mixtures boiled for 10
minutes. After centrifugation for 5 minutes at 14,000 revolu-
tions per minute, the paraffin surface was pierced, and the
aqueous phase removed and stored frozen at —20°C.

HPV DNA Analysis

For PCR analysis, HPV LI region consensus primers
(MY9: 5'CGT CCM ARR GGA WAC TGA TC-3'; MY11: 5'-
GCM GAG GGW CAT AAY AAT GG-3'),>"** or a cocktail of
HPV 16 E7 region primers (5-TGT GTC CTG AAG AAA AGC
AAA GAG-3’ and 5"-AGC TGT CAT TTA ATT GCT CAT AAC
AGT A-3"), and HPV 18 E7 region primers (5'-CGA ACC ACA
ACG TCA CAC AAT-3" and 5"-GCT TAC TGC TGG GAT GCA
CA-3")%® were used. The latter primers also detect HPV 33.
PCR using S-globin gene primers (5-GGA AAA TAG ACC
AAT AGG CAG-3' and 5'-GGT TGG CCAATC TAC TCC CAG
G-3") was used as a control for DNA adequacy. To control for
archival DNA quality, only cases with amplifiable S-globin
DNA were included in this study. PCR analbysis was performed
according to the following protocol.?***#% One microliter
of DNA sample was amplified in a 25-uL reaction mixture
with 0.5 pmol/L primers for 35 cycles in a thermocycler (Per-
kin-Elmer, Norwalk, CT). Denaturing, annealing, and exten-
sion times and temperatures were 30 seconds at 95°C, 30
seconds at 55°C for L1 primers or 53°C for E7 primers, and
1 minute at 72°C, respectively. DNA products were resolved on
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TABLE 1. Clinicopathologic Features of Patients with
Esophageal Sguamous Cell Carcinoma

Clinicopathologic Feature Result

67 (range, 44 to 84)
32/19 (1.7:1)
3.9 (range, 0.5 to 11)

Mean patient age (yr)
Male-female Ratio
Mean tumor size (cm)
Tumor site, n (%)
Proximal esophagus 3 (6)

Middle esophagus 13 (25)

Distal esophagus 22 (43)

Not determined 13 (25)
Histological grade, n (%)

Well differentiated 3 (6)

Moderately differentiated 40 (78)

Poorly differentiated 8 (16)

Depth of invasion, n (%)

Mucosa 1(2)
Submucosa 3 (6)
Muscularis propria 15 (29)
Adventitia 32 (63)

Patients with lymph node

metastases, n (%) 17 (33)
AJCC stage, n (%)
I 4(8)
A 20 (39)
1B 8 (16)
In 12 (23)
v 7 (14)

2% agarose gels and detected by ethidium bromide staining.
Appropriately sized PCR products (450 base pairs with L1
primers, 224 base pairs with HPV 16 E7 primers, and 159
base pairs with HPV 18 E7 primers) were then analyzed by
restriction fragment length polymorphism (RFLP).”

Restriction Fragment Length Polymorphism
Analysis

For RFLP analysis, samples were amplified under the con-
ditions described previously but with the addition of 2 yCi of
*p-deoxycytidine triphosphate (dCTP). This enhances sensi-
tivity and facilitates analysis on polyacrylamide gels.***' For
the L1 region primer reactions, 10 uL. of PCR product was
digested in a 25-uL reaction containing 10 units each of Pst
I, Rsa I, and Hae I11.* For the E7 region primers, 10 yl of
product were digested with 10 units of Alu I. Digestion prod-
ucts were separated on 6% polyacrylamide gels and detected
by autoradiography for 12 hours to 26 hours. Digestion prod-
ucts were sized and compared with HPV 6, 16, and 18 positive
controls digested under similar conditions. Determination of
the specific HPV type was based on comparison with known
HPV standards and established restriction maps of the ampli-
fied regions.” This method can identify most known HPV
types, such as types 6, 11, 16, 18, 31, and 33.222425 Novel
restriction patterns corresponding to as yet uncharacterized
HPV types may also be detected with this method.***** How-
ever, novel HPV types were not identified in this study (see
Results).

RESULTS

The clinical and pathological features of the pa-
tients and their tumors are summarized in Table 1.
DNA isolated from each tumor was amplified with L1
region consensus primers and the PCR products were
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analyzed on ethidium bromide-stained agarose gels (Fig
1A). An approximately 450—base pair PCR product, the
size predicted for amplification of HPV DNA with these
primers, was identified in 19 of 51 ESCC. To determine
whether these PCR products were derived from ampli-
fication of HPV or non-HPV (ie, human DNA), RFLP
analysis of the **P-labeled PCR products was performed.
After RFLP analysis, only 1 ESCC produced an RFLP
pattern consistent with amplified HPV DNA sequences
(Fig 2A). Thus, amplification of tumor DNA with L1
region consensus primers detected HPV DNA in only
1 of 51 ESCC (2%). The restriction fragment sizes (217,
68, and 66 base pairs) corresponded to HPV type 16
(Fig 2A). Despite the fact that many HPV types can be
detected by these primers, no cases showed a restriction
pattern that corresponded to other HPV types. A non-
specific band identical to that detected in control hu-
man DNA was present in most samples (Fig 2A).

To confirm the 1 HPV-positive ESCC, and to en-
hance the sensitivity of our analysis, we used a similar
PCR- and RFLP-based assay using primers for the E7
region of HPV 16 and HPV 18. Analysis of the PCR
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FIGURE 1. Ethidium bromide-stained agarose gels of PCR-
ampiified ESCC DNA. (A) Amplification using HPV L1 primers,
Samples of ESCC tumor DNA were PCR amplified using HPV L1
consensus primers and the resuiting products separated on
agarose gels. Lane A shows the one posifive case identified in
this study. A faint band at 450 base pairs is present in lane B,
but this sample did not confain HPY DNA when analyzed by
RFLP (Fig 2A). The ESCC analyzed in lane C did not contain
an identifiable amplified band. (B) Amplification using HPV E7
primers. Samples of ESCC tumor DNA were PCR amplified using
HPV E7 primers and the resulting products separated on agar-
ose gels. Lane A shows the one positive case identified in this
study. A band at 224 base pairs is present in lane B, but this
sample did not contain HPV DNA when analyzed by RFLP (Fig
2B). The ESCC analyzed in lane C did not contain an identifi-
able amplified band.
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FIGURE 2. RFLP analysis of PCR products after amplification
of ESCC DNA. (A) Analysis of products generated with HPV
L1 primers. Appropriately sized PCR products generated by
amplification of ESCC with L1 consensus primers (450 base pair
products) (Fig 1A) were labeled with %P and digested with Rsa
I, Pst |, and Hae lll. HPV 6 DNA, HPV 16 DNA, and negative
control human DNA were also analyzed. The digestion frag-
ments were separated by polyacrylamide gel electrophoresis.
Lane A shows the one positive case identified in this study.
Comparison with expected fragment sizes and the HPV 16 con-
trol identified the HPV DNA as type 16. Lanes B and C illustrate
cases in which ~450 base pair PCR products were detected
on ethidium bromide-stained gels. However, the fragments
generated on digestion of these PCR products are aiso present
after amplification of human DNA (compare with control). (B)
Analysis of products generated with HPV E7 primers. Appropri-
ately sized PCR products generated by amplification of ESCC
with E7 primers (224-base pair products) (Fig 1B) were labeled
with 2P and digested with Alu |. HPV 16 DNA, HPV 18 DNA,
and negative control human DNA were also analyzed. The
digestion fragments were separated by polyacrylomide gel
electrophoresis. Lane A shows the one positive case identified
in this sfudy. Comparison with expected fragment sizes and
the HPV 16 control identified the HPV DNA as type 16. Lanes
B and C illustrate cases in which 224-base pair PCR products
were detected on ethidium bromide-stained gels. The case
shown in lane B is the same case shown in lane B of Fig 1B. The
samples analyzed in lanes B and C do not contain identifiable
HPV DNA.

products generated by amplification of ESCC DNA with
E7 primers on ethidium bromide-stained gels (Fig 1B)
resulted in detectable products near or identical to an
HPV-16 (224-base pair) band in 8 of 51 cases. To deter-
mine if these PCR products were derived from HPV
DNA, we analyzed the 32p Jabeled PCR products by
RFLP (Fig 2B). The RFLP analysis showed HPV DNA
sequences in 1 case. When compared with HPV 16 and
18 standards, the sizes of the fragments generated (121
and 100 base pairs) corresponded to HPV 16 (Fig 2B).
This case identified with the E7 primers was the same
one that was determined to contain HPV DNA using the
L1 primers. Therefore, the two methods independently
detected HPV 16 DNA in the same ESCC.

The case that contained HPV DNA was that of a
48-year-old man with an AJCC stage III midesophageal
squamous cell carcinoma. The tumor was 5 cm in great-
est dimension, moderately differentiated, involved the
periesophageal soft tissues, and was metastatic to re-
gional lymph nodes. There was no evidence of coexist-
ing HPV cytopathic effect.
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DISCUSSION

Human papillomavirus DNA sequences have been
detected by PCR in 24% to 60% of ESCC.">"® However,
most of these studies evaluated neoplasms of patients
from regions considered at high risk for the develop-
ment of ESCC.'*'%'%* Because different etiologic fac-
tors may be associated with the development of ESCC
in high versus low-risk regions,’ we undertook this study
to evaluate the association of HPV with ESCC from
North America, a region considered at low risk for the
development of this neoplasm.

In this study, a highly sensitive and specific PCR-
based method was used to detect HPV DNA sequences
in ESCC from 51 North American patients. Neoplasms
were accrued from three North American cities to ob-
tain a broad population sample representative of low-
risk regions for ESCC. Our analysis showed the pres-
ence of HPV type 16 DNA in only 1 of 51 (2%) ESCC.
This positive case was identified by two sets of PCR
primers against distinct regions of the HPV genome
and verifies the previously described high degree of
sensitivity of these parallel PCR assays.*>”' Our use of
consensus primers that detect known, as well as pre-
viously unidentified, HPV types®*** makes it highly un-
likely that we have failed to detect HPV DNA of any type
in our cohort of cases. However, one cannot entirely
exclude the possibility of false negatives in any study of
this kind and that HPV types not specifically tested for
may play a role in ESCC.

Because PCR assays are prone to false-positive re-
sults, in part because of amplification of human nonvi-
ral sequences,”* we demanded confirmation of all ap-
propriately sized PCR products by RFLP analysis. The
sequence dependence of the restriction enzymes used
in RFLP analysis results in a nucleotide sequence-de-
pendent means of Verifying or refuting the viral origin
of the amplified DNA.***"* Because the nonspecific
non-HPV bands seen on ethidium bromide-stained
gels are lost after digestion with restriction enzymes,
they do not complicate such analysis.”* In fact, previ-
ous studies by our group, as well as those by others have
shown that, by direct sequencin§, the nonspecific bands
are derived from human DNA.**

In the one HPV-positive ESCC in this study, RFLP
analysis of the PCR products amplified by the L1 and
E7 region primers identified the DNA as HPV type 16.
Although direct sequencing of viral DNA is considered
a preferable method to confirm the presence and type
of HPV DNA, the small quantity of amplified DNA pres-
ent in our case rendered direct sequencing an unsuit-
able approach. Furthermore, RFLP analysis repre-
sented a reliable alternative,*** particularly with the
use of ¥P-dCTP, which affords an enhancement in sen-
sitivity over ethidium bromide-staining.”’ An alternative
method used by others to verify the sequence of PCR
products was Southern blot analysis.'* However, one
drawback of this technique was that hybridization under
low stringency conditions may not eliminate false posi-
tives, whereas hybridization under high stringency con-
ditions may fail to confirm positive cases.

Our study represents the first large analysis of HPV
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in ESCC in patients exclusively from North America.
However, several other studies have evaluated ESCC in
patient populations from North America in combina-
tion with other high, moderate, and low incidence re-
gions. Togawa et al'® recently analyzed 72 ESCC from
high, moderate, and low risk geographic regions (Iran,
South Africa, Italy, France, Japan, and the United
States) and identified HPV DNA in 17 of 72 (24%) of
cases overall including HPV 16 DNA in 2 of 15 (13%)
of the cases from the United States. Their study used
the same L1 region primers as in our study. However,
they performed nested radiolabeled PCR using the first
PCR product and a degenerate sense primer internal
to the HPV L1 sense primer. It is possible that in an
effort to enhance sensitivity, the use of nested primers
may have decreased the specificity of the test, or re-
sulted in amplification of human DNA sequences.* Al-
ternatively, differences in patient selection may be re-
sponsible for the difference in the HPV-positivity rate
obtained in our study compared with that of Togawa
et al.'® Our study consisted of an exclusively North
American nonimmigrant population. However, in the
study by Togawa et al,'® patients were designated as
from the United States if their surgical resection was
performed in that country. Therefore, it is possible that
some of the patients may not have been truly of North
American descent.

In a recent study published in abstract form, Noff-
singer et al’! reported HPV positivity in 1 of 26 (3.8%)
ESCC in patients from North America and in 2 of 70
(2.8%) ESCC cases from a low incidence region of
China. Kiyabu et al" used PCR with E6 region primers
to study 13 ESCC in patients from Southern California.
They detected HPV DNA in 0 of 13 (0%) cases of ESCC,
but in 44 of 75 (59%) squamous cell carcinomas from
other anatomic sites including the oropharynx, anus,
and vulva. Similarly, in a non—PCR-based Southern blot
analysis of nonamplified tumor DNA, Brandsma and
Abramson found HPV DNA in 4 of 18 (22%) tongue
and tonsillar squamous cell carcinomas, but in 0 of 3
ESCC in patients from North America.*

Others investigators have analyzed ESCC in pa-
tients from regions considered at moderate risk for
ESCC. One PCR-based study from Japan that used L1
primers, E6-E7 consensus primers, and type-specific E7
primers, identified HPV DNA in only 3 of 45 (7%)
ESCC."® Benamouzig et al*® detected HPV DNA in 0 of
75 (0%) ESCC from France using HPV L1 region prim-
ers as well as type-specific primers for HPV types 6, 11,
16, 18, 31, and 33.

Thus, our results, in addition to those of others,
suggest that HPV infection is infrequently associated
with ESCC in patients from geographic regions at low
or moderate risk of developing ESCC, such as North
America, parts of Japan, and France. Perhaps other en-
vironmental factors, such as alcohol and/or tobacco
use, play more important roles in esophageal squamous
carcinogenesis in low and moderate risk geographic
regions.'®"! The marked difference in HPV prevalence
rates for ESCC between high and low risk regions may
reflect differences in the pathogenesis of ESCC in these
regions. HPV infection of the esophagus in North
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America may cause the development of benign epithe-
lial proliferations, such as esophageal squamous papil-
lomas.”*%

In conclusion, we have shown that HPV infection
is only rarely associated with ESCC in patients from
North America, a region at relatively low risk for the
development of ESCC. Further studies are needed to
determine if the role of HPV infection in the pathogen-
esis of ESCC differs between high and lowrisk geo-
graphic regions.

Acknowledgment. The authors thank the Department of
Pathology, Mt. Sinai Hospital, Toronto, Canada, for making
the cases available for this study.

REFERENCES

1. Yang PC, Davis S: Incidence of cancer of the esophagus in
the US by histologic type. Cancer 61:612-617, 1988

2. LuJB, Yang WX, Liu JM, et al: Trends in morbidity and mortal-
ity for oesophageal cancer in Linxian County, 1959-1988. Int ] Cancer
36:643-645, 1985

3. Liu F-S, Wang Q-L: Squamous cell carcinoma of the esopha-
gus, in Ming S-C, Goldman H (eds): Pathology of the Gastrointestinal
Tract. Philadelphia, PA, Saunders, 1992, pp 439-458

4. Hansson LE, Sparen P, Nyren O: Increasing incidence of both
major histological types of esophageal carcinomas among men in
Sweden. Int J Cancer 54:402-407, 1993

5. Prados G, Rodrigo Saez L, Fernandez Garcia J, et al: Incidence
of epidermoid cancer of the esophagus in Asturias (1975-85). Rev
Esp Enferm Dig 77:391-395, 1990

6. Rao M, Liu FS, Dawsey SM, et al: Effects of vitamin/mineral
supplementation on the proliferation of esophageal squamous epi-
thelium in Linxian, China. Cancer Epidemiol Biomarkers Prev 3:277-
279, 1994

7. Yang CS, Sun'Y, Yang QU, et al: Vitamin A and other deficien-
cies in Linxian, a high esophageal cancer incidence area in northern
China. J Natl Cancer Inst 73:1449-1453, 1984

8. Singer GM, Chuan J, Roman J, et al: Nitrosamines and nitrosa-
mine precursors in foods from Linxian, China, a high incidence area
for esophageal cancer. Carcinogenesis 7:733-736, 1986

9. Yu Y, Taylor PR, Li JY, et al: Retrospective cohort study of
risk-factors for esophageal cancer in Linxian, People’s Republic of
China. Cancer Gauses Control 4:195-202, 1993

10. Tuyns Aj, Pequignot G, Gignoux M, et al: Cancers of the
digestive tract, alcohol and tobacco. Int J Cancer 30:9-11, 1982

11. Vaughan TL, Davis S, Kristal A, et al: Obesity, alcohol, and
tobacco as risk factors for cancers of the esophagus and gastric cardia:
Adenocarcinoma versus squamous cell carcinoma. Cancer Epidemiol
Biomarkers Prev 4:85-92, 1995

12. Gao YT, McLaughlin JK, Blot WJ, et al: Risk factors for esoph-
ageal cancer in Shanghai, China. I. Role of cigarette smoking and
alcohol drinking. Int ] Cancer 58:192-196, 1994

13. Williamson AL, Jaskiesicz K, Gunning A: The detection of
human papillomavirus in oesophageal lesions. Anticancer Res 11:263-
265, 1991

14. Chang F, Syrjanen S, Shen Q, et al: Human papillomavirus
involvement in esophageal precancerous lesions and squamous cell
carcinomas as evidenced by microscopy and different DNA tech-
niques. Scand J Gastroenterol 27:553-563, 1992

15. Chen B, Yin H, Dhurandhar N: Detection of human papillo-
mavirus DNA in esophageal squamous cell carcinomas by the poly-

Volume 28, No. 2 (February 1997)

merase chain reaction using general consensus primers. Hum PATHOL
25:920-923, 1994

16. Togawa K, Jaskiewicz K, Takahashi H, et al: Human papillo-
mavirus DNA sequences in esophagus squamous cell carcinoma. Gas-
troenterology 107:128-136, 1994

17. Syrjanen KJ: Histological changes identical to those of condy-
lomatous lesions found in esophageal squamous cell carcinomas.
Arch Geschwulstforsch 52:283-92, 1982

18. Toh Y, Kuwano H, Tanaka S, et al: Detection of human
papillomavirus DNA in esophageal carcinoma in Japan by polymerase
chain reaction. Cancer 70:2234-2238, 1992

19. Kiyabu MT, Shibata D, Arnheim N, et al: Detection of human
papillomavirus in formalin-fixed, invasive squamous carcinomas using
the polymerase chain reaction. Am J Surg Pathol 13:221-224, 1989

20. Tate JT, Shen J, Yang Y-C, et al: PCR-detection of HPV DNA
in cervical neoplasia: Relative sensitivities of early (E7) and late (L1)
primer pairs in HPV16 and HPV18 positive tumors. Mol Cell Probes
10:347-351, 1996

21. Zitz JC, McLachlin CM, Tate JE, et al: Restriction fragment
length polymorphism analysis of isotype-labeled polymerase chain
reaction-amplified human papillomavirus DNA combines sensitivity
with builtin contaminant detection. Mod Pathol 7:407-411, 1994

22. McLachlin CM, Kozakewich H, Craighill M, et al: Histologic
correlates of vulvar human papillomavirus infection in children and
young adults. Am J Surg Pathol 18:728-735, 1994

23. Manos MM, Ting Y, Wright DK, et al: The use of polymerase
chain reaction for the detection of genital human papillomavirus, in
(eds): Molecular Diagnostics of Human Cancers. Cold Spring Harbor,
NY, Cold Spring Harbor Laboratory Press, 1989, pp 209-214

24. Resnick RM, Cornelissen MT, Wright DK, et al: Detection
and typing of human papillomavirus in archival cervical cancer speci-
mens by DNA amplification with consensus primers. ] Natl Cancer
Inst 82:1477-84, 1990

25. Lungu O, Wright TC Jr, Silverstein S: Typing of human papil-
lomaviruses by polymerase chain reaction amplification with L1 con-
sensus primers and RFLP analysis. Mol Cell Probes 6:145-152, 1992

26. Lungu O, Sun XW, Felix ], et al: Relationship of human
papillomavirus type to grade of cervical intraepithelial neoplasia.
JAMA 267:2493-6, 1992

27. GenestD, Stein L, Cibas E, et al: A binary (Bethesda) system
for classifying cervical cancer precursors: criteria, reproducibility and
viral correlates. HuM PATHOL 24:730-736, 1993

28. Benamouzig R, Jullian E, Chang F, et al: Absence of human
papillomavirus DNA detected by polymerase chain reaction in French
patients with esophageal carcinoma. Gastroenterology 109:1876-1881,
1995

29. Vernon SD, Miller DL, Unger ER: Amplification of non-
specific DNA products using HPV L1 consensus primers. Twelfth
International Papillomavirus Conference 1993, p 177, (abstr)

30. Shen LH, Rushing L, McLachlin CM, et al: Prevalence and
histologic significance of cervical human papillomavirus DNA de-
tected in women at low and high risk for cervical neoplasia. Obstet
Gynecol 86:499-503, 1995

31. Noffsinger A, Hui Y-Z, Suzuk L, et al: Detection of human
papillomavirus DNA in esophageal squamous cell carcinomas. Mod
Pathol 9:63A, 1996 (abstr)

32. Brandsma JL, Abramson AL: Association of papillomavirus
with cancers of the head and neck. Arch Otolaryngol Head Neck
Surg 115:621-625, 1989

33. Carr NJ, Bratthauer GL, Lichy JH, et al: Squamous cell papil-
lomas of the esophagus: A study of 23 lesions for human papillomavi-
rus by in situ hybridization and the polymerase chain reaction. Hum
PaTHOL 25:536-540, 1994

34. Politoske EJ: Squamous papilloma of the esophagus associ-
ated with the human papillomavirus. Gastroenterology 102:668-673,
1992

35. Odze R, Antonioli D, Shocket D, et al: Esophageal squamous
papillomas: A clinicopathologic study of 38 lesions and analysis for
human papillomavirus by the polymerase chain reaction. Am J Surg
Pathol 17:803-812, 1993

178



