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Abstract: Esophageal squamous cell carcinoma (ESCC) is one of the most common types of tumors worldwide, 
particularly in China, and human papillomavirus (HPV) is thought to be a potential risk factor for this cancer. To de-
termine whether this is true, we collected 177 formalin-fixed and paraffin-embedded ESCC samples from two hospi-
tals. We screened for 23 different HPV genotypes using a human papillomavirus genotyping kit, which allowed us to 
amplify the L1 gene by polymerase chain reaction (PCR) and test for 23 HPV subtypes by reverse dot blot (RDB) on a 
single membrane. We also used immunohistochemistry (IHC) to detect the P16INK4a protein, the expression of which 
is linked to HPV E7 activity and which is used to diagnose cervical intraepithelial neoplasia. The genotyping results 
showed that only six samples were weakly positive for HPV: two for HPV16, two for HPV11 and two for HPV35, with 
no samples showing strong positive signals. The IHC results showed only five samples with diffuse positive staining, 
with the other samples being completely negative or having only focal positive signals, which were considered as 
negative. This study demonstrates that the HPV infection rate in ESCC samples is very low, suggesting that HPV is 
not the etiological cause of ESCC.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is 
one of the most prevalent tumor types world-
wide, particularly in China and East Asia [1]. 
Although the major risk factors for ESCC are not 
well characterized, they are thought to include 
alcohol, tobacco, hot beverages, and a low 
intake of fruits and vegetables [2, 3]. In addi-
tion, since Syrjanen et al. first identified flat 
condylomous lesions in invasive squamous cell 
carcinomas of the esophagus in 1982 [4], 
human papillomavirus (HPV) has been consid-
ered as a potential risk factor for ESCC.

Over the last three decades, many studies 
around the world have attempted to verify this 
proposal, although the results have been incon-
clusive. The majority of studies have tested for 
the presence of the four most common HPV 
types, namely 6, 11, 16 and 18. In particular, 
the infection rates determined by polymerase 
chain reaction (PCR) ranged from zero in Japan 
[5], Kenya [6], Italy [7] and Germany [8] to 

extremely low in America [9] and Sweden [10]. 
Therefore, these studies suggest that HPV is 
not a pathogenic factor for ESCC. In contrast, 
other studies suggest that HPV may play an 
important role in ESCC, with measured infec-
tion rates ranging from 24.2% to 44.7% (using 
the same detection method) in India [11], South 
Africa [12], the United Kingdom [13] and Chile 
[14]. It is possible that these results reflect true 
regional disparities in infection rates, which 
may be low in developed countries and high in 
developing countries. However, contradictory 
results have also been reported. For example, 
one study reported that the infection rate in 
Japan was 42% [15], whereas another study 
using the same method claimed that it was zero 
[5]. Considering this, Miyagi et al. [16] noted 
that infection rates can change over time, even 
within the same area and we thought it might 
have potential HPV subtype infection besides 
the four common subtypes.

Studies carried out in China have also yielded 
conflicting results. The majority of studies have 
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identified HPV in ESCC samples, with infection 
rates ranging from 17.1% [17] to 78.11% [18], 
detected via amplification of the L1 gene. One 
study reported an infection rate of 100%, as 
determined by detection of the HPV16 E6 and 
E7 genes in early cancer cases in a high-risk 
area using PCR and ISH [19]. Furthermore, 
some studies [20] have suggested that HPV 
may play as important a role in ESCC as it does 
in cervical carcinoma, whereas other studies 
suggest the opposite. Gao et al. [21] identified 
no positive cases of HPV among invasive ESCC 
samples in a cross-sectional study using a mul-
tivalent HPV hybridization probe and the Digene 
Hybrid Capture II method, and Peixoto et al. 
[22] found only two infections among 32 cases 
in a high-risk region using PCR-based Southern 
blot hybridization. In addition, Lam et al. and He 
et al. [23, 24], who were from the same research 
group, reported different infection rates in 
Hong Kong and Sichuan using PCR, single-
strand conformational polymorphism (SSCP) 
analysis, and DNA sequencing, suggesting that 
HPV may indeed play different roles in low- and 
high-incidence areas. However, we believe 
these discrepancies might be attributable to 
differences in the methodologies and subjects 
between the various studies.

To reliably measure the infection rate for HPV in 
Shanghai, we screened 177 cases for 23 differ-

Study subjects

Considering potential contamination from ex- 
posure to the oral cavity, time since sampling 
and the various sampling procedures, 74 sam-
ples were obtained from all patients who under-
went surgical esophagectomy at the Fifth 
People’s Hospital of Shanghai, Fudan University, 
between 1999 and 2010, as well as 103 sam-
ples from the Shanghai Chest Hospital, 
Shanghai Jiaotong University, between 2008 
and 2011. All patients gave written informed 
consent for their participation. This study has 
been approved by the Ethics Committees of the 
two institutions, and it conforms to the princi-
ples outlined in the Declaration of Helsinki. All 
the samples were formalin-fixed and paraffin-
embedded. Two senior pathologists who were 
blinded to the HPV DNA and P16INK4a results 
diagnosed and graded all samples using hema-
toxylin and eosin (H&E)-stained sections. Well-
differentiated carcinomas were graded as hav-
ing a minor component of nonkeratinizing 
basal-like cells and prominent keratinization, 
particularly with squamous pearl formations 
akin to non-neoplastic squamous epithelia and 
tumor cells arranged in sheets (Figure 1A). 
Poorly differentiated carcinomas were graded 
as consisting of predominantly basal-like cells 
forming large and small nests with frequent 
central necrotic regions (Figure 1C). Moderately 

ent HPV types using 
PCR and reverse dot 
blot analysis, testing for 
the most common HPV 
subtypes associated 
with abnormal cytology 
[25]. To rule out meth-
odological differences, 
we tested all samples 
in two isolated labs by 
blind assignment, and 
we also detected 
P16INK4a expression by 
immunohistochemistry 
(IHC). In particular, th- 
ese two methods were 
used to determine the 
HPV infection rates for 
cervical carcinoma and 
cervical intraepithelial 
neoplasia samples en- 
countered during rou-
tine work.

Materials and methods

Figure 1. Images of typical H&E and IHC staining. Images were collected using a 
light microscope at 100 × magnification. The tissue sections were scored using the 
following criteria: panel A: Well-differentiated ESCC with squamous pearl formations; 
panel B: Moderately differentiated ESCC; panel C: Poorly differentiated ESCC with 
predominantly basal-like cells forming nests with central necrotic regions; panel D: 
Completely negative P16INK4a expression; panel E: Negative expression of P16INK4a 
with focal staining; and panel F: Positive expression of P16INK4a with intense staining. 
Panels A-C were prepared by H&E staining. Panels D-F were prepared by IHC staining.
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differentiated carcinomas were graded bet- 
ween the well-differentiated and poorly differ-
entiated carcinomas, lacking the pearl forma-
tions akin to non-neoplastic squamous epithe-
lia (Figure 1B). The depth of tumor infiltration 
was staged as follows: T1) invading the lamina 
propria or submucosa; T2) invading the muscu-
laris propria; T3) invading the adventitia; and 
T4) invading adjacent structures.

The age of the patients ranged from 43 to 83, 
with a mean age of 62.7 (Std. Deviation 8.53) 
and a median age of 63. In total, 144 patients 
were male and 33 were female, yielding a sex 
ratio of 4.36:1. Of the total 177 patients, the 
majority (127, 72.3%) were from Shanghai, 16 
(9%) were from Jiangsu, 14 (7.9%) were from 
Anhui and 12 (6.8%) were from Zhejiang, with 
the remaining 7 (4%) patients coming from 
other provinces; the majority of the provinces 
were located in east China, with the exception 
of one patient from Sichuan.

HPV genotype screening using the human 
papillomavirus genotyping kit

The Human Papillomavirus Genotyping kit for 
23 Types was produced by Yaneng Bioscience 
co., LTD (Shen Zhen, China), and the kit was 
applied for with permit number 3400994 in 
2008 by the Fresh Armed State Drug 
Administration, China. The kit was used to per-
form Polymerase chain reaction (PCR) to ampli-
fy the L1 gene in conjunction with reverse dot 
blot (RDB) analysis to identify the HPV sub-
types. This method offers a simple testing 
strategy involving a membrane chip that can 
detect infections from multiple HPV subtypes, 
including 18 high-risk types (HPV16, 18, 31, 
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 
73, 83 and MM4) and 5 low-risk types (HPV 6, 
11, 42, 43 and 44). This method had a sensitiv-
ity of 103 copies/ml and a specificity of 99%; 
β-globin was used as an internal positive 
control.

DNA extraction and polymerase chain reaction 
(PCR) conditions

DNA was extracted from 4-5 serial sections (4 
μm thick) by hot dehiscing using the Human 
Papillomavirus Genotyping kit for 23 Types, 
according to the manufacturer’s instructions. 
The tissues prepared for extraction included 
representative tumor tissues and the adjacent 

normal tissue. The quality of the extracted DNA 
was verified using a spectrophotometer (260 
nm ultraviolet light). The extracted DNA was 
concentrated by high-speed centrifugation at 
4°C. For each PCR reaction, 5 μL extracted con-
centrated DNA was used in a final reaction vol-
ume of 25 μL. The PCR amplification conditions 
were as follows: preheating at 95°C for 10 min, 
followed by 40 cycles of denaturation at 94°C 
for 30 sec, annealing at 42°C for 90 sec, and 
extension at 72°C for 30 sec, with a final exten-
sion at 72°C for 5 min. The amplicons were 
then denatured and subjected to hybridization.

To test the quality of the DNA, the kit was also 
used to amplify the housekeeping gene β-globin 
within the same reactions as an internal posi-
tive control. We also used a verified HPV multi-
ple infection cervical intraepithelial neoplasia 
sample as a positive control and distilled water 
as a negative control; all control samples were 
subject to the same treatments and processed 
at the same time as the experimental samples. 
To ensure the samples were not contaminated 
within the lab, every test was carried out with 
fresh wash buffer and all samples were inde-
pendently tested in two isolated labs by blind 
assignment.

HPV detection and typing

We use the reverse dot blot (RDB) method for 
HPV detection and typing. The 25 μL reaction 
volumes containing the amplified fragments 
were hybridized to the dot blot membrane in 6 
mL hybridization solution (2×SSC, 0.1%SDS) at 
51°C for 2 hours. After a stringent wash, the 
hybridized membrane was probed by adding a 
streptavidin-horseradish peroxidase conjugate 
(which binds to the biotinylated PCR products) 
and a substrate (3,3’,5,5’-Tetramethylbenzidine) 
to generate a blue precipitate at the site of the 
probe dot. The results were inspected by mac-
roscopic observation, and the results were 
deemed reliable when the PC (positive control) 
dot appeared as a clear round blue dot. A clear 
round blue dot was scored as positive for the 
corresponding HPV subtype, a dilute blue dot 
was scored as weakly positive, and the absence 
of a dot was scored as negative.

Immunohistochemical staining

Lesion sections (3 μm thick) were cut and 
immunostained for P16INK4a using the monoclo-
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nal antibody 16P04/JC2 and the EnVision 
Detection Kit (Dako, Denmark); a known posi-
tive cervical intraepithelial neoplasia tissue 
was used as a positive control, and lack of anti-
body staining was used as a negative control. 
After dewaxing, rehydration and rinsing in PBS 
buffer, all sections were treated for 20 minutes 
at 95°C in a high pH (pH = 9.0) EDTA-Tris buffer 
for antigen retrieval. Endogenous enzymatic 
activity in the sections was inhibited with 3% 
hydrogen peroxide for eight minutes. The sec-
tions were incubated at 37°C with the P16INK4a 
antibody for one hour and the secondary anti-
body for 30 minutes. The sections were incu-
bated with DAB (3,3’-diaminobenzidine) and 
counterstained with hematoxylin to increase 
contrast. PBS buffer was used to rinse the sec-
tions between each step. All positive and nega-

ware program (SPSS Inc., Chicago, IL) by chi-
square test or Fisher exact test. For all tests, a 
P value less than 0.05 was considered statisti-
cally significant.

Results

Re-diagnosis of study subject

Of the 177 total patients that were re-diag-
nosed and graded, only 24 (13.56%) samples 
were graded as poorly differentiated carcino-
mas, predominantly showing basal-like cells 
and nests with frequent central necrotic areas. 
Fifty-five (31.07%) samples were graded as 
well-differentiated carcinomas, showing promi-
nent keratinization akin to what is observed in 
squamous pearl formations or non-neoplastic 
squamous epithelia. Over half of the samples 

Table 1. Relationships between histological gradations and general 
conditions

General conditions
Histological grading

Numbers 
of cases P valueWell-differ-

entiated
Moderately 

differentiated
Poorly dif-
ferentiated

Gender
    Male 43 79 22 144
    Female 12 19 2 33
    Total 55 98 24 177 0.353
Age
    <63 24 50 11 85
    ≥63 31 48 13 92
    Total 55 98 24 177 0.663
Tumor infiltration depth
    T1 4 0 0 4
    T2 15 17 8 40
    T3 36 81 16 133
    Total 55 98 24 177 0.009
Province
    Shanghai 26 81 21 128
    Jiangsu 9 6 1 16
    Anhui 7 6 1 14
    Zhejiang 9 2 1 12
    Jiangxi 2 0 0 2
    Fujian 0 1 0 1
    Guangdong 1 0 0 1
    Hubei 0 1 0 1
    Shandong 1 0 0 1
    Sichuan* 0 1 0 1
    Total 55 98 24 177
T1: tumor invades the lamina propria or submucosa; T2: tumor invades the muscularis 
propria; T3: tumor invades the adventitia. *Sichuan is the western province in China.

tive control samples 
were treated using the 
same procedures.

Evaluation of immuno-
histochemical staining

Cells with specific cyto-
plasmic or/and nuclear 
brown staining were 
scored as positive. By 
counting the proportion 
of positive tumor cells (a 
lack of positive cells was 
recorded as complete 
negative), the samples 
were scored as follows: 
less than 10% as focal 
positive, over 80% as 
diffuse positive and 
between 10% and 80% 
as partial positive. All 
immunostained slides 
were evaluated by two 
senior pathologists, and 
only three types of posi-
tive patterns were ob- 
served: complete nega-
tive, focal positive and 
diffuse positive.

Data analysis and 
statistics

All data were analyzed 
using the SPSS (version 
13.0) statistical soft-
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(98, 55.37%) were graded as moderately differ-
entiated carcinomas, representing the largest 
of the three groups. Only four (2.3%) well-differ-
entiated carcinoma cases showed invasion of 
the submucosa and were staged as T1; none of 
the poorly or moderately differentiated carcino-
mas were staged as T1. Forty (22.6%) cases 
showed invasion of the muscularis propria and 
were staged as T2. Finally, 133 (75.1%) cases 
showed invasion of the adventitia and were 
staged as T3. Histological patterns typical of 
differentiated ESCC are shown in Figure 1A-C. 
Table 1 lists the relationships between the his-
tological gradations and the general conditions 
of the patients, although only one statistically 
significant relationship was identified by our 
analysis (P > 0.05), which was tumor infiltration 
depth (P = 0.009). In particular, all four T1 
tumors were evaluated as well-differentiated 
carcinomas, and all moderately and poorly dif-
ferentiated carcinomas were staged T2 or 
higher.

Detection of HPV-specific DNA by PCR con-
nected with reverse bot blot (RBD)

Of the 177 samples we screened, only six 
(3.4%) samples were weakly positive for HPV, 
and no samples were intensely positive. Of the 
six weakly positive samples, two were positive 
for HPV16, two for HPV11 and two for HPV35. 

All 177 samples were also immunostained for 
P16INK4a and scored by the percentage of posi-
tive cells. The results could be grouped into 
three categories. Over half of the samples (104, 
58.76%) showed no positive tumor cells and 
were considered as completely negative (Figure 
1D). Nearly four in ten samples (68 samples, 
38.42%) showed less than ten percent positive 
tumor cells and were considered as focal posi-
tive (Figure 1E), only one sample was weakly 
positive for HPV11. The other five (2.82%) sam-
ples showed over eighty percent positive tumor 
cells and were considered as diffuse positive 
(Figure 1F), although none of these samples 
were scored as positive or weakly positive by 
HPV subtype screening. With respect to the cer-
vical intraepithelial neoplasia (CIN) samples 
[26], only intense diffuse positive tumor cells 
were scored as P16INK4a-positive; focal positive 
cells were scored as negative. There was no 
statistically significant difference between the 
two groups (P > 0.05); P16INK4a expression lev-
els are described in Table 3, and related condi-
tions are listed in Table 4.

Discussion

More than one hundred HPV subtypes have 
been described [27], over forty of which have 
been shown to be involved in human disease, 
and these subtypes are traditionally character-

Figure 2. Images of typical HPV genotyping results. Clear round blue dots on the la-
beled grid were considered as positive signals for the corresponding HPV subtype; the 
PC grid shows the internal β-globin positive control. Membrane (A) was only positive 
for PC and was therefore scored as negative. Membrane (B) showed a clear light blue 
dot at position 16 on the grid and was therefore considered weakly positive for HPV16. 
Membrane (C) showed two dots at positions 16 and 43 on the grid and was therefore 
considered positive for HPV 16 and 43, which was from the HPV multiple infection 
cervical intraepithelial neoplasia sample. The patients’ information was mosaicked.

Both HPV35-positive 
samples were well-dif-
ferentiated and one of 
the HPV11-positive sa- 
mples was poorly dif-
ferentiated, although 
no statistically signifi-
cant differences were 
observed for the posi-
tive samples. The sur-
gery dates for the six 
samples were betwe- 
en 2000 and 2010. 
Typical results are 
shown in Figure 2, and 
Table 2 lists the condi-
tions of all six weakly 
positive samples.

Analysis of p16INK4A 
expression by im-
munohistochemical 
staining
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ized by the sequence of their L1 gene. Moreover, 
specific HPV subtypes have been confirmed as 

counting the weakly positive samples, the mea-
sured infection rate was only 3.4%, similar to 

Table 2. Related conditions of the six weakly positive HPV samples

Case No. Year HPV subtype Gender Age Histologic gradation Expression of 
P16INK4a

Tumor infiltration 
depth

1 2006 35 Female 62 Well-Differentiated Negative T3
2 2010 35 Male 63 Well-Differentiated Negative T3
3 2000 16 Female 45 Well-Differentiated Negative T2
4 2008 16 Male 70 Moderately Differentiated Negative T2
5 2010 11 Male 63 Moderately Differentiated Negative T2
6 2004 11 Male 67 Poorly Differentiated Focal Positive T3
T2: tumor invades the muscularis propria; T3: tumor invades the adventitia.

Table 3. P16INK4a expression in esophageal squamous cell carcinoma

Related conditions
Negative

Intensely 
Positive Total

P value
Completely 

negative
Focal 

Positive Total

Histologic grading
    Poorly Differentiated 13 10 23 1 24
    Moderately Differentiated 60 37 96 1 98
    Well-Differentiated 31 21 52 3 55
    Total 104 68 172 5 177 0.567
Gender
    Male 83 57 140 4 144
    Female 21 11 32 1 33
    Total 104 68 172 5 177 0.801
Age
    <63 54 28 82 3 85
    ≥63 50 40 90 2 92
    Total 104 68 172 5 177 0.333
Tumor infiltration depth
    T1 3 1 4 0 4
    T2 26 13 39 1 40
    T3 75 54 129 4 133
    Total 104 68 172 5 177 0.839
Province
    Shanghai 78 48 126 2 128
    Jiangsu 8 6 14 2 16
    Anhui 8 6 14 0 14
    Zhejiang 9 3 12 0 12
    Jiangxi 0 2 2 0 2
    Fujian 1 0 1 0 1
    Guangdong 0 0 0 1 1
    Hubei 1 0 1 0 1
    Shandong 0 1 1 0 1
    Sichuan 0 1 1 0 1
    Total 104 68 172 5 177
T1: Tumor invades the lamina propria or submucosa; T2: tumor invades the muscularis 
propria; T3: tumor invades the adventitia.

the major pathogenic 
factors for cervical tu- 
mors [28-30], and re- 
cently, clinical trials [31] 
showed that HPV vac-
cines could prevent 
high-risk virus infection.

However, as described 
above, it is still unclear 
whether HPV plays a 
role in ESCC. Esopha- 
geal tumors are one of 
the most common tu- 
mors in the Shanghai 
region [32], and the 
majority of these are 
ESCC. Considering the 
large number of studies 
showing that the HPV 
infection rate varies 
worldwide [11-13, 15, 
17, 18], we suspected 
that HPV could be a 
potential pathogenic fa- 
ctor for ESCC and that 
the HPV vaccine might 
be effectively on ESCC 
patients in the future. 
The current study invo- 
lved a simple test used 
to screen ESCC samples 
for the most common 
HPV subtypes, although 
our results showed no 
samples that were str- 
ongly positive and only 
six samples that were 
weakly positive, aside 
from cross-contaminat-
ed samples. Therefore, 
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other studies reporting rates of zero [5-7] or 
very low rates [9, 10]. Considering that viral 
infection rates can vary over 10-20-year peri-
ods [25], we tested all ESCC samples from the 
Fifth People’s Hospital of Shanghai, Fudan 
University collected over a period of 12 years. 
However, the extremely low infection rate and 
random distribution of the surgical dates for 
the positive samples suggests that HPV is not 
the major etiology for ESCC. The current study 
also identified two samples that were weakly 
positive for HPV35, which has not been previ-
ously describe for ESCC, although there was no 
evidence that HPV35 was involved in the etiol-
ogy of ESCC.

Some studies [19, 33] have suggested that 
while the HPV L1 region may be disrupted or 
lost, the HPV16 E7 gene can lead to the immor-
talization of normal esophageal epithelial cells 
[34]. Therefore, we tested the E7-related pro-
tein P16INK4a using an immunohistochemical 
staining method. P16INK4a is a cyclin-dependent 
kinase (CDK) inhibitor that slows the cell cycle 
by inactivating CDKs that phosphorylate the 
retinoblastoma (Rb) protein. In high-risk HPV 
subtypes, such as HPV16, the E7 protein can 
inactivate Rb function and induce the overex-
pression of P16INK4a protein [35]. The overex-
pression of P16INK4a protein, particularly intense 
positive expression, has been used as a marker 
in high-grade cervical intraepithelial lesions 
[26, 36], cervical squamous cell carcinomas 
[35] and endocervical adenocarcinoma [37, 
38]. However, in this study, we only observed 
P16INK4a-positive signals in five (2.8%) samples; 
the other samples showed negative or focal 
staining. Furthermore, none of the samples 
that were strongly positive for P16INK4a were 
also scored as positive by HPV genotyping, and 
only one sample scored as weakly positive for 
HPV was also focal positive for P16INK4a. The 
reasons for the observed disagreement 
between the HPV genotyping and the P16INK4a 

were negative for P16, which was due to the 
fact that most of these tumors showed DNA 
methylation at the P16 gene promoter. Similarly, 
Salam et al. [40] found that over seventy per-
cent of esophageal squamous cell carcinoma 
cases were showed a loss of P16 expression 
that was linked to promoter methylation. In con-
trast, positivity for P16 and negativity for HPV 
could be indicative of activation of an alterna-
tive pathway for P16 overexpression. Riethdorf 
et al. [41] and Lerma et al. [42] suggested that 
the P16/Rb pathway may not be the only way 
pathway that causes vulvar neoplasia and car-
cinoma. Several pieces of evidence suggest the 
existence of a non-HPV-dependent P16 expres-
sion pathway, including the HPV-negative cell 
line C33A [43], HPV-negative/P16-positive cer-
vical adenocarcinoma [44], penile squamous 
cell carcinoma [45] and the observance of a 
higher positivity rate for P16 immunohisto-
chemistry than for HPV DNA testing [46]. We 
show that function of the high-risk HPV E7 gene 
is not related to the etiology of ESCC, as very 
few ESCC samples were positive for P16INK4a. In 
addition, it appears that the E7/Rb/P16 path-
way is not necessary for P16 activation, sug-
gesting an alternative pathway for P16 
overexpression.

Using sensitive molecular biology methods, we 
determined that the infection rates for 23 HPV 
subtypes in 177 ESCC samples were close to 
zero, and we also show that expression of the 
related protein P16INK4a was extremely low in 
these same samples using a simple IHC meth-
od. Therefore, we suggest that HPV is not the 
etiological agent of ESCC, at least not within 
the last 10 years in East China, particularly in 
Shanghai.
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