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Objectives: This study was to assess whether human papillomavirus (HPV) resulting in
genetic instability is one reason for the high incidence and mortality of cervical cancer in
Longnan.

Methods: Between 2012 and 2016, a total of 346 samples from Longnan were collected and
divided into four groups: cervicitis group (n=57), cervical intraepithelial neoplasia I group
(CIN I, n=63), CIN II/III group (n=79) and invasive squamous cell carcinoma group (SCC,
n=147). HPV E6/E7 mRNA was detected by Quantivirus® HPV E6/E7 RNA 3.0 assay
(bDNA). The markers of DNA damage response (DDR) — ataxia telangiectasia mutated
(ATM) pSer1981, H2AX pSer139 (yH2AX), Chk2 pThr68 and P53 — were analyzed by
immunohistochemistry.

Results: The activation of ATM, YH2AX, Chk2 and P53 was increased with increasing
severity of cervical lesion. A significant difference of ATM expression in simple infection
was also shown accompanied by the cervical lesion. The expression of YH2AX between
HPV16+ and HPV16- specimens, YH2AX and P53 between HPV58+ and HPV58- groups
had statistical significance. The expression and copy number of HPV E6/7 mRNA increases
with the cervical lesion severity. A significant difference was shown for P53 expression
between HPV E6/7 mRNA+ and mRNA- specimens. A close correlation with CHK2
expression for HPV E6/7 mRNA+ and HPV16 E6/7 mRNA+ specimens and YH2AX and
CHK2 expression for SCC specimens was shown between low and high viral load groups.
Conclusions: DDR, HPV genotypes and HPV E6/E7 oncogene expression correlated with
the level of dysplasia of cervical lesions. HPV infection resulted in genetic instability may be
one reason for the high incidence and mortality in Longnan.

Keywords: human papillomaviruses, E6/E7 oncogenes, DNA damage response, cervical
cancer

Introduction
Cervical cancer (CC) is a common, often lethal malignancy of women, causing
311,365 deaths in 2018 in the world. Almost 90% of CC deaths occur in developing
countries." The incidence of CC in People's Republic of China is high, with
132,300 new cases each year, yielding a rate of 27 per 100,000 women.?

The progression of CC is characterized by lesions that range from low to high
grade and is accompanied by an increase in genetic instability.” This instability is
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related to DNA damage response (DDR) in cervical cells.*
The ataxia telangiectasia mutated (ATM) kinase plays an
important role in the coordination of DDR. ATM phos-
phorylation at serine 1981 (ATMpSer1981) by DNA
damage activates ATM, which then subsequently phos-
phorylates H2AX at Ser139 (yH2AX), Chk2 at Thr68
(Chk2pThr68) and p53 at Serl5 (p53pSerl?S), maintaining
genome integrity by coordinating cell cycle arrest, apop-
tosis and DNA damage repair.”

DDR which is relevant for cervical carcinogenesis
involved with the persistent infection of human papilloma-
virus (HPV).® Oncogenic transformation by HPV is
mediated by the viral oncogenes HPV E6 and HPV E7.”
The E7 oncoprotein inactivates the retinoblastoma 1 tumor
suppressor gene and E6 promotes ubiquitin-mediated
degradation of the p53 tumor suppressor.® Since p53 con-
stitutes an integral component of the DDR, HPV positive
CC cells show a significantly decreased ability to activate
cell cycle checkpoints and to induce apoptosis upon DNA
damage.” Additionally, HPV oncogenes expression was
reported to negatively impact various DNA repair
pathways.'® Thus, HPV positive cancer cells show impaired
control of the cell cycle in the context of DNA damage, and
display damaged ability to repair DNA lesions.

Longnan of Gansu Province, located in the remote areas
of Northwest of People's Republic of China, is a high
incidence region of CC with CC mortality as high as 39
per 100,000, ranking first in People's Republic of China.'!
Our previous study had shown that HPV 16, 18 and 58 play a
key role in the development of cervical intraepithelial neo-
plasia (CIN) and invasive squamous cell carcinoma (SCC)
in Longnan women. However, the reason for the high inci-
dence of CC and the high mortality is still not clear.'?

The aim of this study was to analyze DDR, HPV
genotypes and HPV E6/E7 oncogene expression and cor-
relate these with the process of dysplastic cervical lesions.
The results will help add new evidence that HPV-induced
genetic instability of cervical cells relates to the high
incidence of and mortality due to CC in Longnan patients.

Methods

Study subjects

A total of 346 Longnan patients, ages 17-79 years old,
were initially included in the study between January 1,
2012 and January 30, 2016. All the samples were obtained
from patients who underwent biopsies with colposcopy or
surgical procedures. Of the samples, 305 were obtained

from the No.l Hospital of Longnan City and 24 samples
from Gansu Provincial Cancer Hospital. All patients gave
written informed consent for their participation. The inclu-
sion criteria were patients 1) with cervicitis, CIN and SCC,
pathology confirmed with cervical biopsy or hysterectomy
or radical hysterectomy; 2) with HPV genotype testing
results; 3) who were Han Chinese; 4) who had grown or
lived in Longnan for more than 20 years. Cases were
excluded when they met any of the following exclusion
criteria: 1) re-examination after treatment of cervical
lesions; 2) co-morbid endometrial lesion or ovary diseases
or vaginal diseases; 3) pathological results of specimens
from fractional curettage; 4) immunocompromised condi-
tion (eg, infection with human immunodeficiency virus).
This study had been approved by the Ethics Committees of
Northwest Minzu University prior to its start. All the
specimens were formalin-fixed and paraffin-embedded
(FFPE). All samples were evaluated by at least two experi-
enced pathologists in their respective hospital pathology
departments. Cervicitis, CIN I, CIN II/IIl and SCC were
diagnosed according to the standard criteria.'?

The HPV genotyping of all the samples was detected
by Human Papillomavirus Genotyping kit and the results
have been reported.'* All 346 specimens fell into one of
four groups: cervicitis group (n=57. n=22 HPV', n=35
HPV), CIN I group (n=63. n=47 HPV", n=16 HPV ),
CIN II/III group (n=79. n=70 HPV", n=9 HPV ") and SCC
group (n=147. n=132 HPV", n=15 HPV ). Of these, 218
specimens (n=28 cervicitis, n=30 CIN I, n=60 CINII/III
and n=100 SCC) were selected for DDR study. In addition,
187 HPV positive specimens (n=20 cervicitis, n=30 CINI,
n=43 CINII/III and n=94 SCC) were chosen for HPV E6/7
mRNA research.

HPV E6/E7 mRNA testing by
Quantivirus® HPV E6/E7 RNA 3.0 assay

(bDNA)
The Quantivirus® HPV E6/E7 RNA 3.0 assay (bDNA)
(DiaCarta, CA, USA) is a sandwich nucleic acid hybridi-
zation procedure for the direct quantification of HPV RNA
in FFPE samples without RNA purification and RT-PCR.
Specimens containing HPV high-risk subtypes 16, 18, 31,
33, 35, 39, 45, 51, 52, 97 58, 59, 66, 68, and low risk
subtypes 6, 11, 40, 42, 43, 44 have been validated for
quantification in the assay.

The first step is the process of deparaffinization. Six
pieces of 5-um thick sections of FFPE cervical tissue from
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each paraffin block were used. After removing paraffin
from FFPE cervical tissue samples, ]l mL of 100% xylene
was added to the pieces of FFPE tissue sections, heated
for 5 mins at 50°C to melt the paraffin, and then centri-
fuged for 2 mins at 20,000% g at room temperature to
produce a tissue pellet. Then, 1 mL of 100% ethanol was
added after the xylene was removed. After mixing, the
sample was centrifuged for 2 mins at 20,000% g at room
temperature and the ethanol was discarded without dis-
turbing the pellet. After washing with ethanol twice, the
pellet was air-dried for approximately 25 mins.

Five hundred microliter Tissue Lysis Mixture and 5
puL Proteinase K were added to the above sample and
incubated at 65°C for 3 hrs. The sample tube was
shaken for 2 mins every 20 mins during the incubation,
and then each sample well was added 50 pL of Lysis
Working Reagent. The RNA was captured onto a micro-
well by a set of specific, synthetic oligonucleotide cap-
ture probes. After each well of the Capture Plate was
added 100 pL Pre-Amplifier Probes Working Reagent,
the sealed Capture Plate was incubated at 55°C for 40
mins. Then, 100 pL. Amplifier Probe Working Reagent
was added to each well of the Capture Plate which was
sealed and incubated at 55°C for 40 mins. Then, 100 pL
Label Probe Working Reagent was added to each well
of the Capture Plate which was sealed and incubated at
50°C for 40 mins. Finally, 100 pL Substrate Working
Reagent was added to each well of the Capture Plate
which was then sealed and incubated at 46°C for 20
mins. The plate was then read immediately (within 1
min) after being removed from the incubator by the
System DiaCarta QuantiViurs Reader.

In the above steps, HPV genomic RNA was released
from the virions. A set of target probes was hybridized
to both the viral RNA and the pre-amplifier probes.
Both the capture and the target probes were bonded
to the 5-untranslated and E6 and E7 regions of the
HPV genome. The amplifier probe subsequently hybri-
dized to the pre-amplifier forming a branched DNA
(bDNA) complex. Then, the multiple copies of an alka-
line phosphatase (AP) labeled probe were hybridized to
this immobilized complex. Detection was reached by
incubating the AP-bound complex with a chemilumi-
Light
directly to the amount of HPV RNA present in each

nescent substrate. emission was correlated

sample, and results were recorded as relative light units
(RLUs) by the System DiaCarta QuantiViurs Reader.
The cutoff of 1.00 was used for determining positive in

the assay. The positive control was defined by light
emission from the control sample containing known
concentrations of cells. HPV RNA concentrations of
specimens were determined from this positive control.
The result of positive or negative was generated based
on RLUs from residual samples over the RLUs from
the background.

Quantivirus® HPV E6/E7 RNA 3.0 assay (bDNA)
was estimated using a two-part, eight-member panel
with HPV target concentrations between 481 and
7,690,000 IU/mL (2500 and 40,000,000 HPV RNA
copies/mL). This method was shown to be linear from
615 to 7,690,000 IU/mL (3200-40,000,000 HPV RNA
copies/mL). The accuracy of this method, defined as the
percent recovery (ratio of observed mean quantification to
expected concentration), was from 92% to 108% across

the quantification range.'*'>

Immunohistochemical analysis of DDR
One representative tissue block for every patient,
including the dysplastic region, invasive margin and
tumor-associated non-neoplastic mucosa, was assayed
by immunohistochemistry. In cases of large, late-stage
tumors, various sections were assayed to include repre-
sentative areas of the tumor center and lateral and deep
invasive margins. The paraffin-embedded tissues that
were used for the original hematoxylin and eosin
stained sections were also chosen for
immunohistochemistry.

Immunochemical staining was performed using an
automatic immunostainer (DAKO Autostainer link-48)
according to the manufacturer’s instructions. The primary
antibodies used were as follows: anti-Ser1981 phosphory-
lated ATM (#05-740, Mouse Monoclonal Antibody; 1:200;
Temecula, CA, USA); anti-Ser139 phosphorylated H2AX
(#05-636, Mouse Monoclonal Antibody, 1:200, Milipore,
Billerica, MA, USA); anti-Thr68 phosphorylated Chk2
(sc-16297-R, Rabbit polyclonal antibody; 1:200, Santa
Cruz Biotechnology, Dallas, TX , USA), anti-p53 (DO-1,
sc-126, Mouse Monoclonal Antibody; 1:200, Santa Cruz
Biotechnology Inc. Dallas, TX, USA).

Cancer cells showing nuclear staining, regardless of the
presence of cytoplasmic staining, were determined as posi-
tively immunostained for ATM, yH2AX, Chk2 and P53.
Reduction or lack of staining was restricted to tumor cells.
The stromal tissue surrounding tumor nests preserved the
normal staining pattern, thereby providing an internal control

on the same section.'®
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Evaluation of immunohistochemistry
staining

Sections were scored semi-quantitatively as follows: (0+):
0% immunoreactive cells; (1+): <5% immunoreactive
cells; (2+): 5-50% immunoreactive cells; (3+): greater
50% immunoreactive cells. At last, for statistical purposes
and to define a cutoff level, slides with scores 0 and 1 were
defined negative and those with scores 2 and 3 were
considered positive. The slides were screened at lower
power for any staining; higher magnification (100x) was
used to determine the immunochemical scores."”

Statistical methods

Statistical analysis was performed using SPSS version 21.0
(SPSS, Chicago, IL, USA). Statistical analyses were per-
formed with y2 test, Fisher’s exact tests and multiple regres-
sion analyses. 2 test and Fisher’s exact tests were used for
the comparison of DDR activation, the positivity of HPV E6/
7 mRNA and HPV E6/7 mRNA copy number between
groups. A multiple regression analysis was performed to
identify the correlation between HPV genotypes, the positiv-
ity of HPV E6/7 mRNA, copy number of HPV E6/7 mRNA
and DDR activation. The OR and relative 95% CI were
calculated. The significance level o was set at 0.05.

Results
Specific activation of DDR in CC

carcinogenesis

To determine whether DDR relates to CC carcinogenesis, we
compared the expression of ATM, yYH2AX, Chk2 and P53 in
cervicitis, CIN I, CIN II/IIT and SCC specimens (Figures 1-4).

The activation of DDR was increased with increasing severity
of the cervical lesion. The activation of ATM, yYH2AX, Chk2
and P53 in cervicitis, CINI, CINII/Il and SCC are shown in
Figure 5. The difference between the four groups is significant
(p=0.004, p=0.046, p=0.042, p=0.011).

To further investigate DDR activation in different types of
infection, we examined the expression of above DDR markers
in simple and multiple infections. The expressions of ATM,
YH2AX, Chk2 and P53 in simple and multiple infections are
given in Figure 5. For simple infection, only ATM expression
has significant difference (p=0.011, p=0.564, p=0.362,
p=0.684); however, for multiple infections, no statistical sig-
nificance was shown among the four groups.

The correlation between HPV genotypes

and DDR activation

All the samples were divided into groups: HPV+ and HPV-,
HPV16+ and HPV16-, HPV18+ and HPV18-, and HPV58+
and HPV58-. Some significant correlations between the acti-
vation of DDR and HPV genotypes were shown. When com-
paring the activation of DDR between HPV+ (n=186) and
HPV- (n=32) specimens, the expression of ATM, YH2AX,
Chk2 and P53 in HPV+ specimens was higher than in HPV-
specimens (Table 1) but was not significant. The expression of
DDR markers was higher in HPV16+ (n=116), HPV18+
(n=15) and HPV58+ (n=36) specimens compared to HPV16-
(n=102), HPV18- (n=203) and HPV58- (n=182) specimens.
However, the significant difference was only shown for the
expression of YH2AX between HPV16+ and HPV16- groups
(»=0.007), and YH2AX and P53 between HPV58+ and
HPV58- groups (Table 1) (p=0.008, p=0.045).

Figure | The marker (ATM) of DNA damage response in study sample. (A) Cervicitis; (B) CIN I; (C) CIN Il/ll; (D) SCC. Original magnification, x100 and x400.
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Figure 4 The marker (P53) of DNA damage response in study sample. (A) Cervicitis; (B) CIN I; (C) CIN II/lll; (D) SCC. Original magnification, X100 and %400.
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Figure 5 The activation of DNA damage response in study groups. *P-values are for Fisher’s exact tests.

The expression of HPV E6/7 mRNA test
by histologic diagnosis
With the use of the Quantivirus® HPV E6/E7 RNA 3.0
assay (bDNA), HPV E6/7 mRNA was determined
through the quantification of RLUs and concentrations
of HPV RNA. Samples with a ratio of less <1 copy/mL
were considered as negative. Results equal to or >1
copy/mL were considered positive. These were further
divided into three groups: <1000 copy/mL (low viral
load), 1000-10,000 copy/mL (medium viral load) and
>10,000 copy/mL (high viral load). These criteria were
modified from the method described by Dalstein and
Adam.*'®

The HPV E6/7 mRNA expression in cervicitis, CINI,
CINII/II and SCC is shown in Figure 6. The expression of
HPV E6/7 mRNA increases with the severity of the his-
tologic diagnosis. Among 187 specimens with histologic
evaluation, 135 samples (72.19%, 135/187) were mRNA
positive. Statistical significance was shown between four
groups (p=0.000). Furthermore, increasing severity of

cervical lesions correlated with a higher copy number of
HPV E6/7 mRNA (Figure 6) (p=0.003).

The correlation between the expression

of HPV E6/7 mRNA and DDR activation
Comparing the activation of DDR between HPV E6/7
mRNA+ (n=135) and HPV E6/7 mRNA- (n=52) speci-
mens, a significant difference was shown for P53 expres-
sion (p=0.015). However, the statistical analysis showed
no significant differences for DDR activation when com-
paring HPV16 E6/7 mRNA+ (n=87), HPV18 E6/7 mRNA
+ (n=7), HPV58 E6/7 mRNA+ (n=26) to HPV E6/7
mRNA- (n=52) specimens (Table 2).

The correlation between the copy
numbers of HPV E6/7 mRNA and DDR
activation

When comparing the correlations between DDR activation
and HPV E6/7 mRNA copy numbers in HPV E6/7 mRNA+,
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Figure 6 The expression and copy numbers of HPV E6/7 mRNA. *P-values are for Fisher’s exact tests.

HPV16 E6/7 mRNA+, HPV58 E6/7 mRNA+ groups, no
differences were shown for DDR activation between low
viral load and medium viral load groups. However, a close
correlation with CHK2 expression was shown between low
viral load and high viral load groups in HPV E6/7 mRNA+
and HPV16 E6/7 mRNA+ groups (Table 3) (»p=0.002,
p=0.026). Furthermore, when the correlation between DDR
activation and HPV E6/7 mRNA copy numbers was ana-
lyzed in CINII/III and SCC groups, no difference was
shown in CINII/IIT groups (Table 3). However, high viral
load groups in SCC groups had a significantly higher expres-
sion of yYH2AX and CHK2 than low viral load groups
(Table 3) (p=0.036, p=0.032). Because of low numbers of
HPV18 E6/7 mRNA+ specimens and HPV E6/7 mRNA+
specimens in cervicitis and CIN, the correlation between
DDR and mRNA E6/7 mRNA copy numbers was not
included in this study.

Discussion

Tumorigenesis is an evolutionary process that selects for
genetic and epigenetic changes, allowing evasion of anti-
proliferative and cell death inducing mechanisms which
normally limit clone expansion of somatic cells.'® Most
tumors acquire genetic instability and this takes place in
the early stages of tumorigenesis, which lead to cell cycle
blockade or apoptosis and thereby constraining tumor
progression.”” Recently, our observations show that
advanced carcinomas of stomach and cervix uteri reveal
constitutive activation of yH2AX, an effector kinase
within the DNA damage network that is activated by
ATM in response to DNA double-strand breaks.*'**
Other research also shows the evolution of CC is accom-
panied by the genetic instability and higher levels of
oxidative DNA damage correlated to the grade of cervical
cell dysplasia.* These results led us to hypothesize that
DNA damage checkpoints might become activated in the

process of cervical tumorigenesis in the Longnan patients.

We supply evidence that ATM is activated in earlier
stages of cervical tumorigenesis, with activation levels of
ATM increasing as cervicitis and CIN progress into carci-
noma. This pattern of ATM activation reveals that earlier
oncogenic events related to ATM activation and suggest an
intriguing possibility — that ATM plays a role in tumor
surveillance. The concept of ATM related to tumor sur-
veillance is supported by other publications which demon-
strated increase in ATM activation in lung and bladder
precancerous lesions, and decrease in ATM function in
prostate tumorigenesis.'® Consistent with these reports, we
also found enhanced Chk2, yH2AX and P53 in cervical
precancerous lesions. Even though yH2AX reached the
highest levels in CINI and Chk2 and P53 were highest in
SCC, the level of YH2AX was still elevated in SCC. This
activation pattern of Chk2, yH2AX and P53 is consistent
with their involvement in the surveillance of cervical
tumorigenesis via ATM (Figure 5).

Evidence suggests that persistent infection of high-risk
HPV genotypes causes genetic instability and DNA
damage repair machinery of the host cell is destroyed by
HPV infection.?* Fifteen carcinogenic HPV subtypes have
been recognized, which together account for almost all CC
cases.”> Of these subtypes, HPV16 and 18 are the most
carcinogenic and are involved in 70% of the CCs.*
However, a comprehensive overview is lacking which
compares the HPV oncogenes from the various HPV sub-
types. The differences between the various HPV subtypes
in the process of cervical carcinogenesis are not fully
understood at the molecular level.

In this study, we evaluated the simple and multiple
infections of HPV and DDR induced by various HPV
subtypes in the process of cervical carcinogenesis
(Figure 5, Table 1). No statistical significance was shown
for the activation of DDR in multiple infections. However,
ATM expression is statistically higher in simple infection
with the process of cervical carcinogenesis (Figure 5).
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This pattern of DDR activation further reveals that earlier
oncogenic events result in ATM activation and suggest
ATM plays a role in tumor surveillance. Due to our rela-
tively small specimen size of multiple infections, we are
not able to exclude the possibility that ATM was also
activated and further resulted in the activation of Chk2,
YH2AX and P53. Our results also showed that ATM acti-
vation is not statistically higher in HPV+, HPV16+,
HPV18+ and HPV58+ specimens. The fact that yYH2AX
and P53 remain elevated in the above positive specimens
may be attributed to the possible longer half-life of
YH2AX and P53 compared to the half-life of ATM activa-
tion or extra signals other than those of tumor surveillance
in cervical tissue result in activation of Chk2, yH2AX and
P53 (Table 1).

HPV is now conclusively identified as a major cause of
CC. Despite its causal role in CC, the fact is that most of the
HPV infections are transient, especially in younger age
women.?” The type-specific persistence of oncogenic HPV
is considered as the true precursor of the neoplastic process.
HPV E6 and HPV E7 oncogene expression is necessary for
the malignant transformation and maintenance of the neo-
plastic state.”® Therefore, the recognition of HPV E6 and
HPV E7 mRNA of the respective HPV genotypes may
serve as a better prognostic method for the development
of cervical lesions.” In our study, regarding the correlation
between the expression and copy number of HPV mRNA
and degree of cervical lesion, a statistically significant
increase in copy number was found in cervical specimens
of higher lesions (Figure 5), as published by others.*®
According to Avanzi et al,*® repeated cycles of viral infec-
tion may add the number of genetically damaged cells and
result in the gather of chromosome abnormalities. The viral
genome integrated into the epithelial cell genome is a
clastogenic event that could increase the number of micro-
nucleated cells and introduce a degree of chromosome
instability.>' It is, therefore, plausible that greater viral
copy numbers lead to a greater possibility of genomic
instability, as suggested by the present findings.

HPV infection has been linked to altered DNA damage
and repair processes through various mechanisms. On one
hand, HPV activated DNA damage response results in
genomic instability. High-risk E6 and E7 proteins can
independently produce DNA damage and result in numer-
ical and chromosomal structural instability.>> Furthermore,
high-risk E7 drives proliferation in the presence of DNA
damage by inhibiting the DNA damage checkpoint
response through proteolytic degradation of claspin.®® As

reported by Bester et al, the expression of high-risk E6 and
E7 reduces replication stress and DNA damage that result
in genomic instability.** In HPV-related cancers, it is fre-
quently found that the viral genome is integrated into the
host cell genome, resulting in deregulated expression of
E6 and E7 that can further promote genomic instability.*
On the other hand, HPV manipulates the DNA damage
repair pathway for viral replication. The Laimins lab
reported that cells positive for high-risk HPV31 show
constitutive activation of an ATM dependent, DDR was
the first indication that HPV may manipulate DNA repair
pathways for viral replication.’® ATM activation by HPV
mainly through E7 and its activity seems to be primarily
dependent upon differentiation to drive productive replica-
tion in a recombination-dependent manner. E7-dependent
ATM activation may lead to increased protein stability of
its downstream targets YH2AX, pChk2, 53BP1, RPA,
Rad51 and BRCAL.

To our knowledge, no study has documented a relation-
ship between HPV E6 and E7 oncogenes and DDR activa-
tion in the process of cervical carcinogenesis. While
statistically significant activation of DDR is not seen in
HPV16 E6/7 mRNA+, HPV18 E6/7mRNA+, HPV58 E6/7
mRNA + groups, the activation of P53 observed in the
HPV E6/7 mRNA+ group, may suggest that the activation
of DNA damage and repair is signaled in HPV infected
cells (Table 2). Some studies show that the activation of
DNA damage and repair results in p53 activation with a
concomitant growth arrest that could be detrimental for
viral replication in dividing cells. However, some studies
also have shown that the ability of E6 to degrade and/or
inactivate p53 is important for long-term genome
maintenance.”’ Furthermore, p53 inactivation or expres-
sion of a dominant negative p53 protein can complement
genomes defective for E6 expression.*® The fact that we
could detect the activation of Chk2 in the high viral load
group of HPV E6/E7 mRNA+ specimens and HPV16 E6/
E7 mRNA+ specimens and also the activation of YH2AX
and Chk2 in the high viral load group of HPV E6/E7
mRNA+ SCC specimens suggests greater viral copy num-
bers lead to more DNA damage, as observed by our
research; viral copy numbers are closely related to cervical
carcinogenesis; the cells with higher copy number of E6
and E7 show a significantly impaired ability to activate
cell cycle checkpoints and to induce apoptosis upon DNA
damage. (Table 3)

There are some limitations in our study. First, the
sample size of this study is relatively small. We only
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enrolled a total of 346 samples in the present research.
Because of low numbers of HPV18 E6/7 mRNA+ speci-
mens and HPV E6/7 mRNA+ specimens in cervicitis and
CIN, the correlation between DDR and mRNA E6/7
mRNA copy numbers was not included in this study. In
addition, some factors may be related to the progression of
CIN to CC, such as age at first intercourse; high parity;
smoking; endogenous and exogenous hormonal factors,
including of parity, oral contraceptive use, obesity and so
on; and infection with other sexually transmitted infectious
agents; however, these were not included or discussed in
the present study.

Overall, the results of the present study add to the
evidence that HPV results in alterations on the genetic
level and triggers the cervical carcinogenic process.
HPV-related DDR may be one reason of the high inci-
dence and mortality of CC in Longnan patients.
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