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SUMMARY

Human papillomavirus (HPV) is strongly associated with squamous esophageal cancer. The 

potential role of HPV in Barrett's esophagus (BE) has been examined but remains unclear. The 

aim of the study was to determine the prevalence of HPV in esophageal and gastric tissues 

obtained from patients with and without BE. We designed a cross-sectional study was conducted 

with prospective enrollment of eligible patients scheduled for esophagogastroduodenoscopy 

(EGD). All participants had biopsies of endoscopic BE, squamous-lined esophagus, and stomach. 

Immunohistochemistry (IHC) on formalin-fixed and paraffin-embedded tissue was conducted 

using monoclonal antibodies. Polymerase chain reaction (PCR) for HPV was performed on DNA 

extracted from esophageal biopsies snapped frozen within 30 minutes after endoscopic capture. 

The Roche HPV Linear Array Assay with PGMY primers that has high sensitivity for detecting 37 

types of HPV was used. A total of 127 subjects were included: 39 with definitive BE had IHC 

done on samples from non-dysplastic BE, squamous esophagus, gastric cardia, and gastric body; 

and 88 control patients without BE had IHC done on squamous esophageal samples, gastric 

cardia, and gastric body. HPV was not detected in any of the samples in either group. For 

confirmation, HPV DNA PCR was performed on randomly selected samples from 66 patients 

(both esophagus and BE from 13 patients with BE, and 53 esophagus from patients without BE); 

no sample had HPV DNA detected via PCR in the presence of adequate quality control. HPV 

infection does not play a role in the formation of non-dysplastic Barrett's esophagus in men in the 

United States.
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INTRODUCTION

Human papillomavirus (HPV) is an oncogenic virus that is strongly associated with 

squamous cell dysplasia of female uterine cervix and its progression to cervical carcinoma. 

Cervical transitional cells in the squamocolumnar junction are well-known targets for HPV 

infection and potential cancerous transformation.1 It has also been suggested that the 

progenitor cells in esophageal squamous cell carcinoma (ESCC) and possibly Barrett's 

esophagus (BE) resemble those of cervical cancer.2,3 Given these similarities and the 

possibility of HPV exposure to the upper gastrointestinal (GI) tract through oral 

transmission, HPV has been examined as a possible risk factor for esophageal cancer as well 

as BE.

ESCC has been associated with HPV-induced transformation.4 For example, association 

studies from Iran and some regions of China reported HPV infection in 45% to 64% of 

ESCC specimens as compared with 0% to 34.7% in control samples.5–8 On the other hand, 

studies from other regions of the world such as western China, Australia, and Italy did not 

find a significant association between HPV and ESCC.9–11

The potential role of HPV and BE and esophageal adenocarcinoma (EA) has been less 

investigated than ESCC, and the cumulative findings of association studies have been 

inconclusive. A study from Mexico revealed a strong association between HPV and BE; 

Acevedo-Nuño et al. reported that HPV DNA was detected in 88% of 17 esophageal cancers 

of unspecified type and 96% of 28 BE samples.12 On the other hand, investigators from the 

United Kingdom did a similar study, but HPV DNA was found in only 1.4% of 73 BE 

samples.13 Intermediate estimates have been reported from patients in the United States; a 

multinational study reported presence of HPV DNA in 18 of 34 EA samples obtained from 

US patients.14 However, the only study to examined patients as well as controls from North 

America reported HPV DNA in 27.4% BE, 31% of EA, and 20.7% normal esophagus with 

no significant difference in HPV prevalence among the three groups.15

Given the remarkable variations in HPV prevalence in esophageal samples, additional 

studies are required in US populations. In addition, because HPV primarily infects 

squamous and transitional epithelium, it may also be important to examine esophageal 

squamous epithelium, in addition to BE tissue, when examining the association between 

HPV and BE. Therefore, in this study, we performed a comprehensive examination using 

immunohistochemistry (IHC) for HPV in esophageal and gastric samples of patients with 

and without BE and further confirmed the findings in a representative sample using 

polymerase chain reaction (PCR).
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MATERIALS AND METHODS

Study population

This is a case–control study of patients who are eligible to receive their health care from 

Michael E. DeBakey Veterans Administration Medical Center (MEDVAMC) in Houston, 

TX. The institutional review boards at both the MEDVAMC and Baylor College of 

Medicine approved this study. Study subjects were recruited from eligible patients who were 

scheduled from a nonurgent upper endoscopy at MEDVAMC and from a randomly selected 

group of patients presenting primary care clinics at the same hospital who were eligible for 

screening colonoscopy. We excluded patients with contraindications to obtaining mucosal 

biopsies, those with any history of gastroesophageal surgery or malignancy and those with 

active non skin cancer.

During endoscopy, standardized mucosal biopsies were obtained from suspected BE, the 

esophagus 2–3 centimeters above suspected BE or the normal squamocolumnar line in 

controls, and several gastric biopsies. Based on the histopathological interpretation of the 

biopsies by a GI pathologist, subjects were categorized into cases with confirmed BE in the 

presence of specialized intestinal epithelium in targeted BE samples and controls without 

BE.

IHC

Sections of formalin-fixed and paraffin-embedded tissue were immunostained for HPV 

utilizing a monoclonal antibody and the immunoperoxidase method. Following 

deparaffinization in xylenes and rehydration in decreasing concentrations of ethanol ending 

in phosphate buffered saline (PBS), sections were subjected to steam heat antigen retrieval 

in 10 mmol/L citrate buffer pH 6. Sections were then incubated in ready-to-use (pre-diluted) 

monoclonal anti-HPV antibody (CM177AA, Biocare Medical, Concord, CA, USA) for 30 

minutes at room temperature, and the bound antibody was detected utilizing MACH 3 

Mouse Probe HRP polymer detection kit (Biocare Medical) with diaminobenzidine (DAB) 

as chromogen, and the procedure was performed utilizing an automated immunostainer from 

Biocare Medical. The monoclonal antibodies used in this study were specific for HPV-1, -6, 

-11, -16, -18, and -31. The tissue sections were then counterstained in hematoxylin, 

dehydrated, mounted, and coverslipped. Positive control consisted of section of formalin-

fixed and paraffin-embedded human cervix with previously documented HPV infection, and 

negative controls were sections incubated without antibody or with irrelevant monoclonal 

antibody. Controls were included in every staining batch. Sections were scored ‘positive for 

HPV’ if there were one or more positive nuclei.

PCR

Cryo-frozen esophageal samples were processed using the ALLPrep Kit (Qiagen #80204, 

Valencia, CA, USA) to obtain simultaneous purification of genomic DNA and total RNA 

from the tissues. Per manufacturer's instructions, frozen tissue weighing less than 30 mg was 

placed into a precooled 1.5 mL tube for disruption using the mortar and pestle technique 

while keeping the tubes submerged in liquid nitrogen. The sample was homogenized by 

passing lysate (tissue and RLT Plus) at least 5 times through a 20-gauge needle fitted to a 
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ribonuclease (RNase)-free syringe. The lysate was centrifuged for 3 minutes at max speed. 

The supernatant was removed and transferred to the ALLPrep DNA spin column which was 

centrifuged for 30 seconds at 8000 × g. The column was removed and placed in a fresh 

collection tube and stored at +4 C for subsequent DNA purification. The flow-through was 

used for immediate RNA purification and was mixed with one volume of 70% ethanol. This 

was transferred to an RNeasy spin column and centrifuged for 15 seconds at 8000 × g. The 

flow-through was discarded and the membrane washed three times with Buffer RPE. To 

prevent any ethanol carryover, the column was carefully removed and added to a fresh 

collection tube and centrifuged for 1 minute at max speed. The column was transferred to a 

1.5-mL tube and 30 uL of RNase-free water was added directly to the column membrane 

followed by centrifugation for 1 minute at 8000 × g to elute the RNA. The concentration of 

the RNA was determined using the Nano-Drop 1000 spectrophotometer (Thermo Fisher 

Scientific, Wilmington, DE, USA). The RNA was stored frozen at −80 C. For purification of 

the DNA, the DNA remaining on the column from earlier in the protocol was resuspended in 

Buffer AW1 and centrifuged for 15 seconds at 8000 × g. The supernatant was discarded and 

the column was washed once with Buffer AW1. The column was removed carefully from 

the collection tube so as not to carry over any ethanol and placed in a 1.5-mL tube. DNA 

was resuspended in 100 uL of Buffer EB and incubated at room temperature for 1 minute. 

The tube and column were centrifuged for 1 minute at 8000 × g to elute the DNA. The DNA 

concentration was measured by spectrophotometry using the NanoDrop 1000. The DNA 

was stored at −30 C. The presence of genomic DNA was confirmed by real-time PCR 

quantitation of the human endogenous retrovirus group 3 as previously described16 and 

further tested for presence of 37 HPV genotypes/subtypes by the HPV Linear Array test 

(Roche Diagnostics, Indianapolis, IN, USA) using consensus primer PCR.17

Statistical methods

The demographic features of cases and controls with and without BE were compared. The 

proportions of patients with HPV detected with IHC, PCR, or both (if any) were also 

compared between the two groups. Chi-square tests were planned for the comparisons of 

dichotomous variables and t-tests for continuous variables.

RESULTS

A total of 127 subjects were analyzed including 39 cases with BE and 88 controls of whom 

27 were primary care controls. The demographic features of the study groups are displayed 

in Table 1. The mean age was 62 years and most (94%) were men. Except for the expected 

larger proportion of Caucasians among BE cases, there were no significant differences in 

age or sex distribution between cases and controls.

For the 39 cases with BE, IHC for HPV was performed on samples obtained from BE, 

squamous esophagus, gastric cardia, and gastric body. For the 88 controls without BE, IHC 

for HPV was performed on samples obtained from squamous esophagus, gastric cardia, and 

gastric body. HPV products were not detected by IHC in any of the esophageal or gastric 

samples in the non-BE control or the esophageal, BE, and gastric samples in the BE groups 

(Fig. 1).
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A random convenience sample was selected for HPV DNA testing. Samples from a total of 

66 subjects including 13 with BE and 53 without BE were PCR tested. For the 13 patients 

with BE, both BE and squamous esophageal samples were examined, while for the 53 cases 

without BE, only squamous esophageal samples were examined. None of these samples had 

HPV DNA detected via PCR in the presence of adequate quality control demonstrated 

during testing.

DISCUSSION

Our study has demonstrated the absence of HPV infection in esophageal and gastric tissue 

samples taken from patients with and without non-dysplastic BE using both IHC and PCR 

methods. These findings argue strongly against a causal relationship between HPV and BE 

in the United States.

Previous studies demonstrated varying regional prevalence of HPV in BE, EA, as well as 

control (Table 2). Our study results are comparable with a recent UK study where virtually 

no HPV was detected in their samples.11 The previous North American study detected the 

presence of HPV in some cases of BE as well as EA, but the HPV prevalence was not 

statistically significant from their control group.12 This leaves the one study from Mexico as 

the clear outlier both in terms of very high proportion of BE and EA cases with esophageal 

HPV infection as well as infected as the disproportionate increase in HPV compared with 

controls. Regional variations in the overall HPV may partly account for the observed 

differences among the studies BE and EA. For example, studies from China, Egypt, and 

Iran, where HPV infection is more common in the population, HPV was also found in large 

proportions of high-grade dysplasia as well as ESCC cases.7,9,18–21

Our study demonstrates the absence of gastroesophageal HPV infection in a mostly male 

veteran population. The generalizability to other populations may be limited. It is also 

possible if a larger number of subjects were tested, few HPV cases would have been found. 

However, it is reasonable to conclude that HPV prevalence would be very low. Lastly, our 

samples did not include dysplasia or EA, and therefore an HPV-related role to BE 

progression cannot be excluded, although it is unlikely.

However, the study had several strengths including the prospective design, the evaluation of 

well-characterized control subjects and samples, HPV testing using IHC as well as state-of-

the-art PCR methods by a very experienced lab, and the inclusion of both esophageal and 

gastric tissues. The use of PCR allows the detection of HPV below the threshold of detection 

for in situ hybridization, which was not used in this study.22 Previous studies have evaluated 

samples from BE tissue with very few samples from surrounding esophageal tissue and none 

from the gastric mucosa.

In summary, there was no evidence of HPV infection in the esophagus or stomach of 

subjects with or without non-dysplastic BE in a US population. The methods used in this 

study could prove useful as other HPV association studies.
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Fig. 1. 
(a) Positive control: immunohistochemical staining for human papillomavirus (HPV) in 

cervical biopsy. Note the strong brown nuclear staining in the superficial squamous 

epithelial cells. (b) Example of HPV immunohistochemical staining in esophageal biopsy of 

a patient with Barrett's esophagus. Note the complete absence of brown nuclear staining 

from both Barrett's epithelium and the adjoining squamous epithelium.
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Table 1

Demographic features of cases and controls that were tested for human papillomavirus

BE cases (n = 39) Non-BE controls (n = 88) P-value

Mean age (standard deviation) 62.7 (7.5) 62.7 (7.2) 0.99

Men 39 (100%) 81 (92%) 0.07

Race 0.12

    White 32 (82%) 58 (66%)

    African-Americans 5 (13%) 26 (30%)

    Other 2 (5%) 4 (4%)

BE, Barrett's esophagus.
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