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Abstract: Background: Many studies have suggested a relationship between human papillomavirus (HPV) infec-
tion and the risk of esophageal squamous cell carcinoma (ESCC). However, findings are inconclusive, potentially
because of geographic heterogeneity and variations in detection methods. Objectives: We sought to further inves-
tigate the prevalence of HPV with a new detection method, the MassARRAY Sequenom technique, in esophageal
squamous cell carcinomas occurring in patients belonging to Kazakh populations in Xinjiang, China. Study design:
In the present study, a novel genotyping method for detecting 30 HPV genotypes, specifically by genotyping both
the HPV E6 and L1 genes with multiplex PCR using matrix-assisted laser desorption ionization-time of flight mass
spectrometry (MALDI-TOF MS) (PCR-MS) was first adopted to evaluate HPV genotypes in 89 esophageal cancer
samples and 49 matched adjacent normal esophageal tissues. Results: Six HPV genotypes (HPV6, HPV16, HPV33,
HPV39, HPV51, and HPV82) were present in at least 51.7% of the esophageal carcinoma tissues, which was signifi-
cantly greater than 28.6% prevalence among controls (P < 0.05). HPV16 was the most common of all the genotypes
investigated (HPV16 prevalence in carcinoma tissue: 49.4%; odds ratio 3.02, 95% confidence interval 1.39-6.53).
HPV-positive ESCC patients were generally younger than HPV-negative patients (P = 0.04). In addition, HPV infection
was more common in cases of well-differentiated and shallower invasive depth. Conclusions: Based on this new
detection method, our findings reiterate the possibility that HPV infection (especially HPV16) may be involved in the
etiology of esophageal carcinoma in the Kazakh populations and that HPV E6 gene positivity may be associated
with prognosis of patients.

Keywords: Human papillomavirus, HPV genotyping, MassARRAY Sequenom technique, esophageal squamous cell
carcinoma

Introduction

Esophageal carcinoma (EC) is one of the top
eight most common malignant tumors world-
wide [1], with an estimated 500,000 new cases
diagnosed and 400,000 deaths annually [2].
Kazakh population is a nomadic tribe and
mainly residing in Xinjiang, the northwest of
China. A hospital-based retrospective study
during a 10-year period showed that the Kaza-
kh population has a high incidence of esopha-
geal squamous cell carcinoma (ESCC) [1, 2].

The mortality rate in this population reaches
155.9/100,000, which is considerably higher
than the average Chinese rate of 15.2/100,000
[3]. Epidemiological studies revealed that ex-
cessive alcohol consumption, tobacco use,
micronutrient deficiency, and dietary exposure
to potential carcinogens all increase the risk of
esophageal carcinoma [4, 5]. However, the
exact etiology and mechanisms remain unclear.

Human papillomaviruses (HPV) are small, non-
enveloped double-stranded DNA viruses, com-
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prising early (E) and late (L) genes, and an
untranslated long control region. Studies have
reported relationships between HPV infection
and non-genital cancers, including head and
neck malignancies, and ESCC [6-8]. However,
subsequent studies have found highly varying
rates of HPV infection in ESCC, ranging from 0%
to 100% [3, 9-14]. These inconsistent findings
may derive from different geographic regions
[15, 16], different sensitivities and specificities
of the detection methods [17-19]. Viral load is
generally lower in ESCC than in cervical cancer
specimen [20]. Moreover, viral load in ESCC
formalin-fixed paraffin-embedded (FFPE) tis-
sues is lower than that in fresh specimen, as
HPV genes may degrade in FFPE tissues [21-
24]. Therefore, there is an outstanding need for
more efficient methods of detecting HPV in
ESCC FFPE tissues, which could clarify the rela-
tionship between HPV and ESCC.

Currently, the accurate detection of HPV mostly
relies on the detection of viral nucleic acids. Of
these detection systems, PCR-based amplifica-
tion techniques were most widely used. Gen-
erally, PCR amplification is performed using
primers that mostly target the highly conserved
L1 region. Then, the amplification products
are analyzed by either real-time PCR, reverse
hybridization analysis, sequencing, or other
methods. Despite their widespread use, these
PCR-based methods have some common limi-
tations, such as that PCR sequencing lacks of
the ability to genotype multiple HPV genotypes
in a single sample, whereas the hybridization
method has poor sensitivity although it could
detect multiple-type infections. Moreover, the
L1 region may be lost during integration of the
viral genome in cancers [21, 25]. In such cases,
HPV may not be detected by genotyping HPV
L1.

Recent studies have noted that the PCR-based
mass spectrometry system (PCR-MS) showed
high specificities, high sensitivities, and high
throughput for detecting HPV in cervical cancer
tissues [26-28]. In the present study, we adopt-
ed the PCR-MS method targeting both E6 and
L1 genes, to detect HPV in ESCC FFPE speci-
mens from patients belonging to Kazakh popu-
lations. We sought to further investigate the
prevalence of HPV in ESCC occurring in this
population.
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Materials and methods
Subjects

Eighty-nine Kazakh patients with primary ESCC
(51 males and 38 females) collected from the
First Affiliated Hospital of Shihezi University
School of Medicine and Xinjiang Yili Prefecture
Friendship Hospital between 2000-2012 were
enrolled. Of the 89 ESCC specimens, 49
matched adjacent normal esophageal tissues
were available as controls. Another twenty cer-
vical squamous cell carcinoma (CSCC) speci-
mens from Xinjiang Uighur patients which were
HPV positive (detected by HPV PCR-reverse dot
blot) were served as positive controls. All sam-
ples were fixed in 10% buffered formalin after
surgical resection, routinely processed, and
embedded in paraffin. Research protocol uti-
lized in this study was approved by the Medical
Ethics and Human Clinical Trial Committee of
Shihezi University School of Medicine, and all
recruited subjects were enrolled with written
informed consent.

DNA preparation and quality control

The FFPE samples were cut into 5-um slices.
10-15 sections per sample were collected for
genomic DNA extraction using QlAamp DNA
FFPE Tissue Kit (Qiagen) according to the man-
ufacturer’s instructions. Methods to minimize
the possibility of cross-contamination were
used as previously described [3, 29]. Briefly,
DNA extraction, PCR amplification, and prod-
ucts detection were carried out in separated
spaces. During FFPE tissues sectioning, the
blade was disinfected with 75% medicinal alco-
hol before cutting of each sample, and paraffin-
only samples were cut to serve as no contami-
nation control for every 5 samples. All DNA
samples were quantified and diluted to approxi-
mately 50 ng/ul. The quality of the prepared
DNA was validated by amplifying of human
B-globin (HBB) as internal control. DNA of
sufficient quality was chosen for further study.

HPV PCR-reverse dot blot (PCR-RDB)

We used a commercial HPV genotyping DNA
chip (Decipher Bioscience Shenzhen Ltd.) which
is able to identify 23 HPV subtypes, including
18 high-risk types and 5 low-risk types in
one reaction according to the manufacturer’s
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Table 1. A high consistency in HPV genotypes
detected by PCR-RDB and PCR-MS in cervical
cancer

HPV type determined by

Sample ID
PCR-RDB PCR-MS

1 16 16EL2
2 16 16EL
3 16 16EL
4 16 16EL
5 16/35 35EL
6 16 16EL
7 16 16EL
8 16/58 16EL/58L
9 16 16EL
10 16 16EL
11 16 16EL
12 16 16EL
13 16 16EL
14 16 16EL
15 16 16EL
16 16 16EL
17 16 16EL
18 16 16EL
19 16 16EL
20 16 16EL

aE: HPV E6 probe positive; L: HPV L1 probe positive.

instructions and previous study [30]. Briefly,
PCR amplification was designed for HPV L
region (primer set MY09/11). The type-specific
biotinylated probes were used to test the sub-
type-specific sequences. Amplicons hybridized
to probes were detected using streptavidin
horseradish peroxidase-mediated color precipi-
tation. If a blue spot appeared at a certain posi-
tion on the membrane, its presence suggested
that the corresponding HPV type was contained
in the specimen.

HPV detection and typing with MassARRAY
MALDI-TOF MS

PCR-MS was performed by using the Sequenom
MassARRAY matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry
(MALDI-TOF MS) system (Sequenom Inc.)
according to the manufacturer’s instructions
and a previously described protocol [28].
Briefly, this method consists of a three-step
process: a multiplex primary PCR, primer exten-
sion, and MALDI-TOF MS separation of prod-
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ucts on a matrix-loaded silicon chip array.
Primary PCR amplification which is a high-
throughput 61-plex analysis of 30 distinct HPV
genotypes for two HPV genes, E6 and L1, cou-
pled with HBB as a DNA extraction quality con-
trol, was performed in 384-well microplates
using MasScan_HPV Primer Mix (Sequenom
Inc.). Primary PCR mixes were dephosphorylat-
ed with shrimp alkaline phosphatase, and then
the single-base extension reaction was per-
formed with the iPLEX Pro Reagent kit. After
desalting by the addition of Clean Resin,
each iPLEX product was transferred onto
SpectroChip. Then data were collected by the
use of SpectroAcquire and analyzed with Mass-
ARRAY Typer 4.1.0 software.

Positive controls (DNA extracted from HPV16*
SiHa cells and HPV18* Hela cells), negative
controls (DNA extracted from HPV- HEK293
cells and paraffin-only samples collected dur-
ing sectioning) and blank control (water) were
used in this study. To confirm the repeatability
of this new assay, 20 out of these 89 ESCC
samples were randomly selected and tested
again.

Statistical analysis

Pearson’s chi-square test was used to compare
HPV infection in cases and controls, and groups
of ESCC samples defined by clinicopathological
parameters. The statistical analyses were per-
formed using SPSS 17.0. All reported P-values
are 2-sided. Values of P < 0.05 were consid-
ered as statistically significant.

Results

Consistency between PCR-MS and PCR-RDB of
detecting HPV in CSCC tissues

Twenty cervical cancer samples which were
HPV16-positvie detected by PCR-RDB were
served as positive controls. PCR-MS showed
good consistency with PCR-RDB as consistent
genotypes were identified in 19 of the 20
(95.0%) cervical cancer samples (including 18
HPV16 single infection and 1 HPV16 and
HPV58 double infections). The remaining case
was identified as HPV16 and HPV35 co-infec-
tion by PCR-RDB but was detected as HPV35
single infection by PCR-MS (Table 1; Figure 1).
In all CSCC samples, both E and L probes could
be used in the detection of HPV16.
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Figure 1. HPV genotyping using PCR-RDB and PCR-MS in cervical carcinoma. A. Representative examples of PCR-
RDB (23 HPV types). Once the HPV gene chip procedure was completed, the different HPV types were indicated by
blue spots on the HPV gene chip. IC: Internal control. B, C. Representative examples of PCR-MS: HPV16 type positive

by genotyping both the E and L genes.

HPV genotyping using PCR-MS by targeting E6
and L1 regions in ESCC samples

89 ESCC and 49 control samples from Kazakh
patients were analyzed using the multiplex
PCR-MS by genotyping E6 regions (E probe) and
L1 regions (L) (Figure 2). Case and control
groups had similar distribution of age and sex
(P > 0.05 for both) (Table 2). Results indicated
that 46 of the 89 (51.7%) ESCC cases harbored
HPV infection, including that 36 cases were E
probe positive, 20 cases were L probe positive,
and 10 cases were E and L double positive. 14
of the 49 (28.6%) control samples also har-
bored HPV infection, including that 10 controls
were E probe positive, 11 controls were L probe
positive, and 7 controls were double positive.
Among the 89 ESCC samples, 44 cases were
single-type infection and 2 cases were double
infections. Whereas in the 49 control samples,
12 cases were single-type infection and 2
cases were double infections. The overall
detection rate of HPV infection was significantly
greater in the ESCC samples than that in the
control samples (51.7% vs. 28.6%, P = 0.004,
odds ratio [OR] 2.67, 95% confidence interval
[Cl] 1.27-5.64) (Table 3).
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A total of six HPV genotypes was detected in
these samples, including 5 high-risk types
(HPV16, 33, 39, 51, 82) and 1 low-risk type
(HPV®6) (Table 3). In both the ESCC and control
samples, high-risk HPV16 was the predominant
genotype (44 of 89 ESCC (49.4%), and 12 of 49
control samples (24.5%), respectively), followed
by HPV82, which was identified in two ESCC
cases and one control samples (2.2% of all pos-
itive samples and 2% of control samples).
Besides that, high-risk HPV39 and 51 were
detected in one ESCC case respectively, where-
as high-risk HPV33, 51 and low-risk HPV6 were
detected in one control sample respectively.
The detection of high-risk HPV DNA (OR 2.96,
95% Cl 1.39-6.32) and the detection of HPV16
specifically (OR 3.02, 95% Cl 1.39-6.53) both
exhibited strong positive associations with the
risk of esophageal carcinoma in the Kazakh
cohort.

Association between HPV infection and the
clinical characteristics of ESCC patients

To evaluate whether HPV infection could influ-
ence esophageal malignant progression, we
analyzed associations between HPV infection
and the clinical characteristics of patients.

Int J Clin Exp Pathol 2015;8(10):13156-13165



HPV, MassARRAY sequenom technique, esophageal squamous cell carcinoma

AR EENE|
7950 8000
>

Pl

[ T O O O IO O O O O

1
[

Int J Clin Exp Pathol 2015;8(10):13156-13165

L]y
Ly
Lloy

---------------------------------------------------------

Ll )
Ly
Ll

il

]

Ll

3 5] -5

- 7] —

4 a -

............. el recnsccscccnancnncsnnncnanananann el

] = w E

- i alisionbii + 3 4 + 3 + + + + + 3 s
N A B %R X O R * % v ~ o

tive by genotyping the E gene (A), HPV33 positive by genotyping the L gene (B). HPV16 positive by genotyping the
E gene (C). HPV16 positive by genotyping the L gene (D). HPV51 and HPV82 positive by genotyping the E gene (E

Figure 2. HPV genotyping using PCR-MS in esophageal carcinoma. Representative examples of PCR-MS: HPV6 posi-
and F).
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Table 2. Distribution of age and sex of Kazakh subjects

cancers, especially for medically

Cases (n = 89) Control (n = 49)

Characteristics

underserved populations, such

N (%) N (%) as Kazakh populations living in
Age (years) Xinjiang. In recent years, many
<60 39 (43.8) 25 (51.0) 0.42 ;ﬁp‘t’rts_ hiV:P\??ef” i’,“b“,Shed Oh”
> 60 50 (56.2) 24 (49.0) etopico . infection in esoph-
ageal carcinoma [31]. However,

Gender .
these reports have been limited by
Female 38 (42.7) 28 (57.1) 0.104 the shortcomings of existing meth-

Male 51 (57.3) 21 (42.9)

ods [32]. Peng et al [28] provided

Table 3. HPV infection rates in Kazakh esophageal carcinoma
patients and control samples analyzed using unconditional

logistic regression

the first description of a novel
method (PCR-MS) for HPV detec-
tion, in which short regions (60-
120 bp) of dual genes (E6 and L1)

Cases (n =89) Control (n =49)

were targeted to distinguish each

Types N (%)° N (%)° 2 OR (95% Cl) HPV.

Total 46 (51.7) 14 (28.6)  6.87" 2.67 (1.27-5.64) In our study, the new high-sensi-

High-risk 46 13 8.17" 2.96(1.39-6.32) tive assay was first adopted for
HPV16 44 (49.4) 12 (24.5) 8.16" 3.02(1.39-6.53) HPV detection in ESCC samples.
HPV33 N 1(2.0) Using the PCR-MS method, we
HPV39 1(1.1) N found a 51.7% HPV infection rate
HPV51 1(1.1) 1(2.0) 0.19 0.55(0.03-8.92) in cases of ESCC from the Xinjiang
HPV82  2(2.2) 1(2.0) 0.01 1.10(0.10-12.49)  WKazakh population. This rate is

Low-risk 0 1(2.0) higher than other studies that
HPV6 N 1(2.0) were also conducted in the Xinjiang

“P < 0.05. eThe total number of HPV positives was smaller than the total num-
ber of HPV gene-type positives due to the multiple infections. 1 co-infection
with HPV16 and HPV82, and 1 co-infection with HPV16 and HPV39 were
confirmed among all the cases. 1 co-infection with HPV16 and HPV51 and 1
co-infection with HPV16 and HPV33 were confirmed among all the controls.

N: negative.

Specifically, HPV infection was more prevalent
in younger patients (< 60, 64.1% vs. 42.0%, P =
0.04). HPV infection rates were correlated to
the degree of differentiation as the rates were
higher in well-differentiated (67.5%) ESCC than
they were in moderately differentiated (55.2%)
or poorly differentiated (33.3%) ESCC, although
statistical significance was not achieved (P =
0.20), which might due to the small sample size
(Table 4). Moreover, HPV infection was more
common in cases with invasion to the muscular
layer than in cases with invasion to the fibrous
layer especially identified by genotyping HPV E6
single (54.8% vs. 32.8%, P = 0.04). However, no
significant correlation was found between HPV
infection status and other clinical parameters
(P> 0.05).

Discussion
Appropriate HPV screening and treatment are

important means of preventing HPV-related
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region. A rate of 31.7% was identi-
fied in our previous study, in which
a HPV gene chip was used [30],
and a rate of 30% was noted in a
study that used the INNO-LiPA HPV
Genotyping v2 test [33]. These dis-
crepancies can be explained by
the different types of PCR that were used in
each study, the previous studies used consen-
sus PCR targeting the L1 region with either
MYQ09/11 primer set (in the gene chip assay) or
SPF10 primers (in the INNO-LiPA assay). In con-
trast, both the E6 and L1 genes were geno-
typed in the present study. Indeed, the dual-
gene detection of PCR-MS could improve the
detection rate of HPV in ESCC FFPE tissues.
When targeting the HPV L1 gene alone, HPV
infection was only detected in 22.5% of the
ESCC samples, whereas when HPV E6 gene
was also targeted, HPV infection was detected
in 51.7% of these samples, constituting a sig-
nificantly greater positive rate. This difference
suggests that the HPV L1 gene may be lost dur-
ing the process of integration in esophageal
cancer as similar phenomena have been
reported in cervical cancers [21, 25]. Moreover,
it is potentially explained by the lower HPV viral
load in ESCC tissues, as compared with CSCC

Int J Clin Exp Pathol 2015;8(10):13156-13165
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Table 4. Association between HPV infection and the clinical characteristics of ESCC

HPV n (%) HPV E6 n (%)
Factor N (%) - P r P
Total 89 (100) 46 (51.7) 43 (48.3) 36 (40.4) 53 (59.6)
Age (years)
<60 39(43.8) 25(64.1) 14 (35.9) 0.04" 21 (53.8) 18 (46.2) 0.02°
>60 50(56.2) 21(42.0) 29 (58.0) 15 (30.0) 35(70.0)
Gender
Female 38 (42.7) 17 (44.7) 21 (55.3) 0.26 12 (31.6) 26 (68.4) 0.14
Male 51 (57.3) 29 (56.9) 22 (43.1) 24 (47.1) 27 (52.9)
Anatomic location
Upper + Middle 51 (57.3) 25 (49.0) 26 (51.0) 0.56 20 (39.2) 31(60.8) 0.78
Lower 38(42.7) 21(55.3) 17 (44.7) 16 (42.1) 22 (57.9)
Differentiation
Well-differentiated 13 (14.6) 8 (61.5) 5 (38.5) 0.20 8 (61.5) 5 (38.5) 0.09
Mild-differentiated 58 (65.2) 32(55.2) 26 (44.8) 24 (41.4) 34 (58.6)
Poorly-differentiated 18 (20.2) 6 (33.3) 12 (66.7) 4 (22.2) 14 (77.8)
Tumor invasive depth
Muscularis layer 31(34.8) 20(64.5) 11 (35.5) 0.08 17 (54.8) 14 (45.2) 0.04"
Fibrous layer 58 (65.2) 26 (44.8) 32 (55.2) 19 (32.8) 39 (67.2)
Lymph node metastasis
No 46 (51.7) 26 (56.5) 20 (43.5) 0.35 21 (45.7) 25(54.3) 0.30
Yes 43 (48.3) 20 (46.5) 23 (53.5) 15 (34.9) 28 (65.1)

aHPV E probe or L probe positive. "HPV E probe single positive. “P<0.05.

tissues [11, 22, 34, 35]. Extremely low levels of
HPV DNA load in ESCC tissues (even 0.01 cop-
ies per cell) may not meet the minimum thresh-
old of detection for current methods.

The rate of HPV detection has also been re-
ported to differ by geographic region [36].
Particularly, HPV has been detected more fre-
quently in regions with high incidences of
esophageal cancer, particularly in China and
South Africa [14-16]. Rates of HPV detection
were extremely low (or even zero) in studies
from other geographic regions, including Poland
[37], Southern Iran [38], and the United States
[39]. It was suspected that cross-contamina-
tion of specimens could lead to false-positive
results [40, 41]. However, in the present assay,
methods of contamination control were adopt-
ed during FFPE tissues sectioning. Moreover,
most of the L1 probes adopted in the PCR-MS
assay were excluded from the MY region. Thus,
this method could eliminate false-positive re-
sults caused by widespread contamination of
generally used MY-PCR amplicon. In consider-
ation of the differences of reported HPV detec-
tion rates, our findings support the hypothesis
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that ESCC might have different etiologies in
low- and high-incidence geographic regions,
specifically because HPV only plays an impor-
tant role in the latter [36].

High detection rates of HPV16 not only exist in
Kazakh esophageal cancer but also in hormal
esophagus. These results suggest that HPV16
infection may be a common phenomenon in
Kazakh, where certain living habits (e.g. pep-
pery food, hot salted milk tea, crusty pancakes,
and unsanitary drinking water) may lead to
damage to the esophagus and infection with
high-risk HPV genotypes. Similar observation
was also revealed in previous studies [3, 22,
29-31]. Studies linking HPV with oncogenesis
in Kazakh cohort have shown that HPV infec-
tion was associated with p53 codon 72 poly-
morphism [42, 43], HLA-DRB1*1501 and HLA-
DQB1*0301 alleles [3], overexpression of
HLA-G [29], heterozygote of PLCE1 rs2274223
[30], thereby contributing to ESCC oncogene-
sis. We found a higher detection rate in younger
patients and well-differentiated ESCC, suggest-
ing that HPV may be an essential component of
the early stages of ESCC carcinogenesis in the

Int J Clin Exp Pathol 2015;8(10):13156-13165



HPV, MassARRAY sequenom technique, esophageal squamous cell carcinoma

Kazakh population. When genotyping the HPV
E6 gene, HPV was more commonly detected in
cases with invasion to the muscularis layer
than in cases with invasion to the fibrous layer.
These connections might partially contribute to
the better prognosis among patients with HPV-
positive ESCC in northern China [44]. However,
additional studies are necessary to provide
direct connections between HPV infection and
ESCC carcinogenesis.

In conclusion, our study shows that the PCR-MS
method is a very sensitive assay for the detec-
tion of HPV infection in FFPE tissue samples of
ESCC. Using this dual-gene detection method,
we found that a high rate of HPV infection was
correlated with the risk of ESCC in Kazakh
cohort. However, there are several limitations
of this study such as the relatively small num-
ber of samples and the loss of other epidemiol-
ogy information which could help us to assess
the interaction between high-risk HPV infection
and other environment factors in ESCC car-
cinogenesis.
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