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Abstract
AIM: To detect human papillomavirus (HPV) DNA in 
esophageal carcinoma (EC) 109 cells and investigate 
the relationship between HPV and EC.

METHODS: Genomic DNA and total RNA from EC109 
cells were isolated. HPV DNA was detected by poly-
merase chain reaction (PCR) with the general primer 
sets of My09/11 and GP5 +/6 + for the HPV L1  gene 
and type-specific primer sets for HPV18 E6 and HPV18 
E6-E7. Reverse transcription (RT) of mRNA isolated 
from EC109 cells was performed to produce a cDNA. 

And then a PCR-based protocol for the amplification of 
papillomavirus oncogene transcripts was used to ana-
lyze HPV18 DNA and integrated transcripts of HPV18 in 
the chromosomes of EC109 cells. The final nested PCR 
products were cloned into a pMD-18T vector and se-
quenced to analyze the chromosomal location of HPV 
integration.

RESULTS: HPV18 DNA was detected in EC109 cells 
by PCR using the general primer sets of My09/11 and 
GP5 +/6 + for HPV L1 and the type-specific primer sets 
for HPV18 E6 and E6-E7 to generate products of 450 
bp, 150 bp, 335 bp and 944 bp, respectively. Approxi-
mately 600 bp of integrated HPV18-specific transcript 
was identified. The final nested PCR product of inte-
grated HPV18 DNA was cloned into a pMD-18T vector 
and sequenced to analyze the chromosomal location 
of HPV integration. Sequence alignment showed that 
the HPV18 sequence from EC109 cells was identical to 
that of the encoded early protein E7-E1 of the stan-
dard HPV18 strain X05015, and another partial gene 
sequence was identical to a partial sequence of human 
chromosome 8.

CONCLUSION: Integration of the HPV genome into 
the host cell chromosome suggests that persistent HPV 
infection is vital for malignant cell transformation and 
carcinogenesis.
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INTRODUCTION
The esophageal carcinoma (EC) cell line EC109 was es-
tablished in 1976 by the Cell Biology Research Group at 
the Chinese Academy of  Medical Sciences Institute of  
Cancer Research. The cell line was derived from esopha-
geal cells that were surgically removed from a patient 
with a pathological diagnosis of  EC[1]. The cells were de-
termined to be positive for human papillomavirus (HPV) 
type 18[2].

EC is one of  the major cancers in China. The etiol-
ogy of  EC has yet to be established despite extensive in-
vestigation of  the contribution of  environmental factors, 
lifestyle, and low levels of  chemical elements. In 1982, 
Syrjanen formulated a hypothesis on the relationship 
between HPV infection and the development of  EC; the 
hypothesis was based on the presence of  papilloma-like 
tissues in EC specimens and other molecular evidence[3]. 
Thereafter, numerous clinical studies have supported this 
hypothesis[4-13]. However, the link between HPV infec-
tion and the etiology of  EC remains inconclusive. 

A link between HPV infection and squamous cell 
cancer of  the cervix has been identified[14]. Currently, 
several oncogenic types of  HPV are regarded as the 
etiological agents responsible for the development of  
cervical squamous cell carcinoma[15,16].

We further studied the association between HPV 
infection and carcinogenesis using HPV18 E6-E7–trans-
fected stable cell lines derived from fetal esophageal epi-
thelial tissue. Our results strongly supported the conclu-
sion that the expression of  HPV18 proteins E6 and E7 
induced the transformation of  the esophageal cells[17]. 
HPV18 was also detected in EC109 cells[2]. These results 
support a link between HPV infection and esophageal 
carcinogenesis.

Persistent infection with high-risk HPV and the in-
tegration of  viral genomes into the host genome have 
been implicated in the etiology of  malignant and pre-
malignant disease of  the female lower genital tract[18,19]. 
HPV is divided into low-risk (LR) and high-risk (HR) 
types according to the presumed degree of  risk for the 
development of  cancer. HR HPV types such as HPV16, 
HPV18, and HPV31 are associated with cancer, while 
LR HPV types such as HPV6, HPV11, and HPV40 are 
the causative agents of  benign warts[20]. Episomal and 
integrated HPV can be distinguished using a polymerase 
chain reaction (PCR)-based protocol for the amplifica-
tion of  papillomavirus oncogene transcripts (APOT), 
developed by Klaes and his colleagues[21]. The same 

group hypothesized that HPV transcripts derived from 
the integrated HPV genome represent suitable molecular 
markers for a pre-neoplastic lesion at risk for progres-
sion to carcinoma. For EC, however, few data are avail-
able concerning HPV status and integration patterns. 
The aim of  the present study was to assess high-risk 
HPV infection and HPV18 DNA integration into the 
host cell genome in EC.

MATERIALS AND METHODS
Cell lines 
EC109 cells, the human embryonic kidney (HEK) 293 
cell line, and the HeLa cell line were maintained by our 
laboratory. HeLa cells served as the HPV18-positive 
control, and HEK293 cells served as the human glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH)-positive 
control. The cell lines were cultivated in Dulbecco’s 
modified Eagle medium supplemented with 10% fetal 
bovine serum and antibiotics (penicillin and streptomy-
cin, the concentration of  each antibiotic was 100 U/mL) 
under standard conditions. Cells were maintained as a 
subconfluent monolayer at 37  ℃ in a humidified atmo-
sphere of  5% CO2/95% air. Exponentially proliferat-
ing cells were harvested with 0.25% trypsin and 0.02% 
EDTA, resuspended in fresh medium, and seeded in 
new flasks. The cells (2 × 106) were collected and washed 
with phosphate-buffered saline. Then, the cells were 
separated into two cryotubes, immediately frozen in liq-
uid nitrogen, or stored at -70  ℃ until further use. 

Detection of HPV DNA 
Genomic DNA was isolated from each cell line using 
the Easy-DNA kit (“BioTake”, China) according to 
the supplier’s instructions. HPV DNA was detected by 
PCR with the general primer sets of  My09/11 (My09: 5′ 
-CGTCCMARRGGAWACTGATC-3′, MY11: 5′-GC-
MCAGGGWCATAAYAATGG-3′, amplicon size 450 
bp) and GP5 +/6 + (GP5 +: 5′-TTTGTTACTGTG-
GTAGATACTAC-3′, GP6 +: 5′-GAAAAATAAACT-
GTAAATCATATTC-3′, amplicon size 150 bp) for the 
HPV L1 gene[22] and type-specific primer sets for HPV18 
E6 (forward: 5′-GCGCTTTGAGGATCCAACAC-3′, 
reverse: 5′-ATTCAACGGTTTCTGGCAC-3′, amplicon 
size 335 bp) and HPV18 E6-E7 (forward: 5′-AACACAC-
CACAATACTATGGCGCG-3′, reverse: 5′-GCATTTTC-
GTCCTCGTCATCTG-3′, amplicon size 944 bp). The 
type-specific primer sets for HPV18 E6 and HPV18 
E6-E7 were designed according to the GenBank-provid-
ed HPV18 gene sequences of  X05015 (http://www.ncbi.
nlm.nih.gov/nuccore/X05015). 

PCR was conducted in a final volume of  25 µL con-
taining 1× PCR buffer (“BioTake”, China), 0.2 mmol/L 
dNTPs, 1 µL complexed recombinant Taq DNA poly-
merase, 0.2 mmol/L of  each primer, and 100 ng DNA. 
An initial 5-min denaturation step at 95  ℃ was followed 
by 30 amplification cycles of  30 s at 95  ℃, 30 s at 55  ℃, 
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and 1 min at 72  ℃, with a final extension step of  5 min 
at 72  ℃ using a block thermocycler (PeQLab Biotech-
nologie, Germany). A negative control (HEK293 cell 
DNA template) was included in each amplification step. 
DNA from HeLa cells was included as an HPV18-posi-
tive control. The PCR products were resolved on a 1.0% 
agarose gel.

Reverse transcription
Total RNA from the cell lines was isolated using the 
Micro-to-Midi Total RNA Purification System kit (“Bio-
Take”, China) according to the manufacturer’s instruc-
tions. The RNA was quantified by spectrophotometry. 
Reverse transcription (RT) of  mRNA isolated from 
EC109 cells was performed to produce a double-stranded 
DNA product that was then amplified by PCR. The final 
concentrations for the RT reaction were RNase-free H2O 
(9.2 µL), 0.2 mmol/L dNTP mixture (1 µL), 10 pmol 
(dT)17-p3 (oligonucleotide primer: GACTCGAGTC-
GACATCGATTTTTTTTTTTTTTTTT; 1 µL), 5 × 
first-strand buffer (“BioTake”, China; 4 µL), 200 U Su-
perScript reverse transcriptase (“BioTake”, China; 1 µL), 
40 U RNase inhibitor (1 µL), and total RNA (1-2 µg) in 
a total volume of  20 µL. The RNA in each reaction was 
reverse transcribed by heating at 42  ℃ for 50 min and 
inactivated by heating at 70  ℃ for 15 min. Samples were 
stored at 4  ℃. 

To confirm that EC109 cells with detectable HPV18 
E7 mRNA were indeed harboring HPV, mRNA for a 
human housekeeping gene was amplified by RT-PCR 
to ensure that mRNA isolated from EC109 cells was 
of  sufficient integrity to be amplified by PCR. mRNA 
encoding human GAPDH was used as a target for the 
RT-PCR. PCR was carried out as described previously[19], 
using 10 pmol/L of  each GAPDH primer (forward 5’
-CATCACCATCTTCCAGGA-3’; reverse 5’-GTCTAC-
CACCCTATTGCA-3’) and 2 µL cDNA at a 52  ℃ 
annealing temperature for 30 s to generate a GAPDH 
product of  500 bp. 

Detection of viral-cell fusion transcripts by nested PCR 
HPV18 PCR reactions were prepared as described by 
Klaes et al[21] using forward primer p1-18 specific for 
HPV18 E7 (5’-TAGAAAGCTCAGCAGACGACC-3’) 
and p3 (5’-GACTCGAGTCGACATCG-3’) as reverse 
primer, 1 × buffer, 2.5 mmol/L MgCl2, 0.2 mmol/L 
dNTPs, 10 pmol/L primers, 1 U Ex Taq DNA poly-
merase, 3 µL cDNA product in a total volume of  25 µL. 
PCR was conducted as follows: 95  ℃ for 5 min, fol-
lowed by 30 cycles of  denaturation at 95  ℃ for 1 min, 
annealing at 56  ℃ for 1 min, and elongation at 72  ℃ for 
3 min. The last cycle was followed by a final extension 
step at 72  ℃ for 5 min.

The amplification product (5 µL) was used for nested 
PCR under identical conditions using forward primers 
p2-18 specific for HPV18 E7 (5’-ACGACCTTCGAG-
CATTCCAGCAG-3’) and (dT)17-p3 as reverse primer, 
except that the annealing temperature was 67  ℃. The 
positions of  the two primers were 814-835 for p1-18 and 
830-853 for p2-18. To control for false-positives, a nega-
tive control (HEK293 cell DNA template) was included 
in each amplification. Electrophoresis was performed 
using a 1.2% agarose gel. 

Cloning and sequence analysis
To confirm specific HPV18 oncogene transcription in 
EC109 cells, the final nested PCR products were cloned 
into a pMD-18T vector and sequenced to analyze the 
chromosomal location of  HPV integration. 

RESULTS
Detection of HPV DNA in EC109 cells 
HPV18 DNA was detected in EC109 cells by PCR using 
the general primer sets of  My09/11 and GP5 +/6 + for 
HPV L1 and the type-specific primer sets for HPV18 E6 
and E6-E7 to generate products of  450 bp, 150 bp, 335 
bp and 944 bp respectively (Figure 1). 
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Figure 1  Detection of HPV18 DNA in EC109 cells. A-D: HPV18 DNA detection in EC109 cells using the primer pairs Y09/11, GP5 +/6 +, HPV18E6, and 
HPV18E6-E7, respectively. M1: 100 bp DNA ladder; Neg: Negative control (template of HEK 293 cell DNA); HeLa: Positive control (template of HPV18-infected cervi-
cal cancer cells; EC109: DNA from EC109 cells. HPV: Human papillomavirus; EC: Esophageal carcinoma.
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HPV18 integration-derived transcript in EC109 cells 
EC109 cells were used subsequently for HPV18 E7-
specific nested PCR followed by gel electrophoresis. 
Approximately 600 bp of  integrated HPV18-specific 
transcript was identified. The final nested PCR product 
of  integrated HPV18 DNA was cloned into a pMD-18T 
vector and sequenced to analyze the chromosomal loca-
tion of  HPV integration. Sequence alignment showed 
that the HPV18 sequence from EC109 cells was identical 
to that of  the encoded early protein E7-E1 of  the stan-
dard HPV18 strain X05015 (Figure 2). Sequence align-
ment also showed that another partial gene sequence was 
identical to a partial sequence of  human chromosome 8 
(Figure 3).

DISCUSSION
The APOT assay is based on the structures of  the 3’
-ends of  oncogenic HPV transcripts[21]. Integration of  
HPV genomes in carcinoma cells usually result in disrup-
tion of  both the E1 and E2 open reading frames (ORFs), 
and transcripts derived from the integrated E6 and E7 
oncogenes usually contain viral sequences at their 5’ 
ends and flanking host cell-derived sequences at their 3’ 
ends[21,23,24]. Klaes et al[21] applied the APOT assay to clini-
cal samples of  cervical dysplasia infected with HR-HPV 
types 16 and 18 and found a strong correlation between 

the detection of  integration-derived transcripts and the 
stage of  progression of  the cervical dysplasia. 

In the current study, HPV18 DNA and integration-
derived transcripts were detected in EC109 cells, and 
HPV18 was found to be integrated into chromosome 
8. Our results indicate that an episomal viral genome 
was broken for integration which usually leads to the 

disruption of  the E1 and E2 ORFs. During the viral 
life cycle, E2-derived proteins act as important regula-
tors of  E6 and E7 ORF expression[24]. In most infected 
epithelia, E2 appears to inhibit transcription from E6 
and E7 ORFs which helps to maintain the regulation 
of  cellular proliferation[25,26]. Disruption of  the E2 ORF 
with retention of  the E6 and E7 ORFs could result in 
the unregulated expression of  E6 and E7, which would 
lead to abrogation of  cell-cycle activity and uncontrolled 
cell proliferation[27]. The high-risk HPV E6 and E7 gene 
are commonly integrated into the genome of  cells in 
malignant tumors[28], when this occurs, longer incuba-
tion periods may be required for viral DNA integration 
into the appropriate host cell genomic location. When 
HPV DNA is integrated into the host nuclear genome, 
expression of  E6 and E7 is elevated, and this leads to 
the occurrence of  cancer[29]. After HPV infection of  
the esophageal epithelium, HPV DNA can be randomly 
integrated into human chromosomal DNA to produce a 
variety of  genetic changes, leading to chromosomal in-
stability and eventually malignant transformation.

COMMENTS
Background
Human papilloma virus (HPV) in patients with esophageal carcinoma (EC) 
has been studied previously, but the association of HPV with EC has not been 
firmly established. The authors hypothesized that integration of HPV DNA into 
host chromosomes is a critical step in the carcinogenesis of EC as a result of 
altered expression of two viral transforming genes, E6 and E7. The aim of this 
work was to study the relationship between HPV and esophageal tumors and to 
determine the chromosomal integration sites of HPV DNA in EC cells.
Research frontiers
EC is one of the major cancers in China, where the incidence and mortality 
rank first in the world. In 1982, Syrjanen hypothesized a relationship between 
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Figure 2  Alignment sequencing results for esophageal carcinoma109 cells with human papillomavirus18. Query 288-388, sequencing results for esophageal 
carcinoma109 cells after polymerase chain reaction amplification with P2-18E7-specific primers; Sbjct 844-944, partial sequence of human papillomavirus18E7-E1 
from X05015 in GenBank.
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Figure 3  Alignment sequencing results for esophageal carcinoma109 cells with human chromosome. Query 227-483, sequencing results for esophageal car-
cinoma109 cells after polymerase chain  reaction amplification with P2-18E7-specific primers; Sbjct 41562135-41562391, partial sequence of human chromosome 8.
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HPV infection and the development of EC. However, the role of HPV in the 
carcinogenesis of EC remains unclear. In this study, the authors demonstrate 
the integration of HPV DNA into host chromosomes, which could be a potential 
mechanism where by HPV infection leads to the development of EC.
Innovations and breakthroughs
Recent reports have highlighted the importance of HPV infection in EC. This 
paper is the first study to report that HPV18 integrated into one part of chromo-
some 8 in a cell line, EC109, derived from human EC cells. This study further 
suggests that HPV infection may be the cause of EC.
Applications
By understanding how EC is induced after HPV infection, this study may pro-
vide a future strategy for the diagnosis and prevention of EC. 
Peer review
The authors examined HPV18 integration into one part of chromosome 8 in 
EC109 cells. Integration of the HPV genome into the host cell chromosome 
suggests that persistent HPV infection is a key factor in malignant cell transfor-
mation and carcinogenesis. The results may represent a molecular mechanism 
for the development of EC.
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