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Abstract: Objective: To explore the value of human papillomavirus (HPV) E6G/E7 mRNA detection in the diagnosis
of cervical cancer and its precancerous lesions after kidney transplantation. Methods: One hundred and sixty-six
women who underwent cervical cancer screening after kidney transplantation were selected and received thinprep
cytology test (TCT), HPV DNA and HPV E6/E7 mRNA tests. A biopsy under colposcopy was performed for those with
suspicious test results. The positive rates of TCT, HPV DNA and HPV E6/E7 mRNA expressions in patients with dif-
ferent biopsy pathological grades, the positive rates of HPV EG/E7 mRNA in TCT and HPV DNA positive patients
were compared. Besides, the relationship between the results of the three detections and the pathological results
of cervical biopsy as well as the diagnostic efficacy of cervical cancer and its precancerous lesions were compared.
Results: Among the 166 women undergoing cervical cancer screening, 87 cases received histopathological biopsy,
of which, the positive expression rates of HPV E6/E7 mRNA in the negative, cervical intraepithelial neoplasia (CIN)
I, CIN II, CIN lll and invasive carcinoma (ICC) patients were 51.43%, 54.55%, 66.67%, 81.82% and 100.00%, re-
spectively. The positive expression rates of HPV E6/E7 mRNA in TCT and HPV DNA-positive patients were 47.50%
and 51.96%, respectively; those rates for diagnosis of >CIN Il were significantly greater than that of <CIN | (both
P<0.01). Receiver operating characteristic curve revealed that the areas under the concentration-time curve of TCT,
HPV DNA and HPV E6/E7 mRNA detection for cervical cancer and precancerous lesions were 0.723, 0.833, 0.929,
respectively. Their sensibilities were 76.89%, 83.30% and 92.38%, and their specificities were 77.04%, 88.47%
and 94.47%, respectively. Conclusion: HPV E6/E7 mRNA detection effectively improves the diagnostic sensitivity
and specificity of cervical cancer and precancerous lesions, thereby avoiding over-examination and over-treatment.
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Introduction

Cervical cancer is a high incidence malignant
tumor type in the female reproductive system.
The incidence in China is about two out of
100,000. In 2017, there were about 500,000
new cases of cervical cancer in the world, and
China accounted for about 20% [1]. Human
papillomavirus (HPV) infection is the main
cause of cervical cancer. It has strong epithelial
and tissue specificity. There are more than 150
types of HPV, among which, HPV 16, and HPV
18 are the high-risk types [2-4]. Studies have
confirmed that overexpression of E6 and E7 in
the early reading frame of HPV results in malig-
nant proliferation of cells, which in turn leads to
the occurrence of cancer [5, 6].

Kidney transplantation is the main treatment
for end-stage renal disease. The female
patients receiving kidney transplantation were
more likely to have HPV than normal women
and it takes a long time to recover after surgery
due to their poor health [7]. However, some
Chinese women do not pay enough attention to
HPV opportunistic screening, which was re-
flected by low detection rates of HPV infections
and even cervical cancer [8]. For female
patients confronted with cervical cancer with-
out effective treatment in the early stage, their
lives were cut short, leaving the costly and
hard-won kidney transplantation of little signifi-
cance. During this period, effective screening of
cervical cancer and precancerous lesions for
female patients becomes a significant prerequi-
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site for giving early regular treatment optiolns,
improving the prognosis, and prolonging their
lives [9, 10].

At present, there are many studies on HPV EG/
E7 in the diagnosis of cervical cancer in normal
women, and the results show that HPV EG/E7
MRNA detection is better than TCT detection in
the diagnosis of cervical cancer [11]. However,
there is no research focusing solely on the diag-
nostic efficacy of HPV E6G/E7 mRNA detection
in women with cervical cancer after kidney
transplantation. Therefore, this study mainly
explores the application value of HPV EG/E7
mRNA detection in the diagnosis of cervical
cancer and its precancerous lesions after kid-
ney transplantation.

Materials and methods
Data collection

We selected 166 women who were screened
for cervical cancer in our hospital from July
2017 to October 2020 after kidney transplan-
tation. All of them underwent thinprep cytology
test (TCT), HPV DNA and HPV EG6/E7 mRNA
tests. A biopsy under colposcopy was per-
formed for those with suspicious test results.
This study was approved by the Ethics
Committee of our hospital.

Inclusion criteria: (1) Patients aged from 20 to
70 years old. (2) Patients who received a kidney
transplant. (3) Patients who sought medical
treatment due to cervical inflammation, abnor-
mal vaginal discharge, and abnormal leukor-
rhea, and those who volunteered for cervical
cancer screening. (4) Patients understood the
purpose of this research and signed the
informed consent.

Exclusion criteria: (1) Patients who had been
previously diagnosed with cervical cancer. (2)
Patients who received organ transplants other
than kidneys. (3) Patients that could not coop-
erate to complete TCT, HPV DNA and HPV E6/
E7 mRNA tests. (4) Patients who were diag-
nosed with malignant tumors. (5) Patients that
could not accept long-term follow-up. (6)
Patients who participated in other research
projects at the same time.

Methods

The cervical exfoliated cells at the junction of
the squamous column epithelium and the cer-
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vical canal were scraped with a special TCT
brush to make a thin layer smear, which was
Pap stained and examined under an optical
microscope. Among them, atypical squamous
cells that could not be clearly defined were
judged as positive, and vice versa [12].

The HPV special brush was used to scrape the
cervical exfoliated cells at the junction of the
squamous column epithelium and the cervical
canal. HPV DNA detection was performed by
fluorescent PCR [13]. All kits were purchased
from Shanghai Toujing Life Technology Co., Ltd,
China.

The cervical exfoliated cells at the junction of
the squamous column epithelium and the cer-
vical canal were scraped with a special TCT
brush. A cold light meter (EnSURE™ Touch,
Beijing Chuqi Instrument Co., Ltd., China) was
adopted for HPV E6/E7 mRNA detection. HPV
E6/E7 mRNA >1 copy/mL was defined as posi-
tive; otherwise, it was negative [14].

Histopathological biopsy was done by an expe-
rienced physician. According to the WHO clas-
sification criteria, the test results were divided
into normal or inflammation (negative), cervical
intraepithelial neoplasia (CIN, including CIN I,
CIN I, CIN 1), and invasive carcinoma (ICC). If
there were different levels of diagnosis, the
type with the highest pathological level would
be the final diagnosis result [15].

Statistical analysis

SPSS 20.0 was used for statistical analysis.
Counting data was expressed as n (%) and ana-
lyzed by chi-square test. Measurement data
was expressed as mean * standard deviation.
P<0.05 was regarded as statistical signifi-
cance. GraphPad Prism software was adopted
for receiver operating characteristic curve
(ROC) to analyze the diagnostic efficiency of the
TCT, HPV DNA and HPV E6/E7 mRNA detec-
tions on cervical cancer and its precancerous
lesions.

Results
General data

One hundred and sixty-six enrolled patients,
aged 22-63 years old, with an average of
(35.4+6.5) years old. The primary diseases
leading to end-stage renal failure included
chronic glomerulonephritis, diabetic nephropa-
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Table 1. General data

Expression of HPV E6/E7 mRNA in

TCT and HPV DNA-positive patients

General data Details

Age (year) , 354265 Among the 166 women undergoing

Body mass index (kg/m?) 22.20+1.74 . .
i i ) cervical cancer screening, 80 cases

Primary disease of end-stage renal failure (n) (48.19%) were positive TCT, 38 cases
Chronic glomerulonephritis 49 (47.50%) were positive HPV EG/E7
Diabetic nephropathy 37 mRNA, 102 cases (61.45%) were
Hypertensive nephropathy 34 positive HPV DNA, and 53 cases
Polycystic kidney disease 23 (51.96%) were positive HPV EG/E7
IgA nephropathy 14 MRNA. There were no significant dif-
Others 9 ferences in the positive rates of HPV

Operation time of kidney transplant (min)
History of childbirth (n)

184.48+25.58

E6/E7 mRNA among TCT and HPV
DNA-positive patients (both P>0.05).

Yes 144 See Figure 1.
No 22 . .
Sexual activity (n) Relat/onsh/p. between t_he results of
the 3 detections and histopathologi-
ves 185 cal biopsy
No 11
Complications (n) The histopathological biopsy out-
Hypertension 45 comes were divided into <CIN | (nega-
Diabetes 13 tive, CIN 1) and >CIN 1l (CIN I, CIN 1,
Hyperlipidemia 8 ICC). Compared with the positive rate
Coronary disease 3 of diagnosis of the above two by the
Infectious disease (n) three detections of TCT, HPV DNA
Hepatitis B 10 and HPV E6/E7 mRNA, TCT, HPV DNA
Tuberculosis 3 had no statistically significant differ-
Monthly income (yuan) 4,887.78+174.49 ence in the diagnostic positive rate of

thy, hypertensive nephropathy, polycystic kid-
ney disease, and IgA nephropathy. Some
patients had hypertension, diabetes, hyperlip-
idemia, coronary disease, hepatitis B and
tuberculosis. One hundred and forty-four cases
of women had a history of childbirth, and 155
cases had sexual activity. See Table 1.

HPV E6/E7 mRNA expression in patients with
different grades of cervical lesions

Among the 166 women undergoing cervical
cancer screening, 87 cases received histopath-
ological biopsy, of which, 35 were nega-
tive, accounting for 40.23%; 22 were CIN |,
accounting for 25.29%; 15 were CIN I, acc-
ounting for 17.24%; 11 were CIN lll, accounting
for 12.64%; 4 were ICC, accounting for 4.60%.
The positive expression rates of HPV EG/E7
MRNA in the negative, CIN I, CIN I, CIN Il and
ICC patients were 51.43%, 54.55%, 66.67%,
81.82% and 100.00%, respectively. See Table
2.
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<CIN I and >CIN Il (P>0.05), while the
positive rate of HPV E6/E7 mRNA for
>CIN 1l was significantly greater than <CIN |
(P<0.01). See Table 3.

Diagnostic efficacy of the 3 detections for cer-
vical cancer and precancerous lesions

ROC curve revealed that the areas under the
concentration-time curve of TCT, HPV DNA and
HPV E6/E7 mRNA detections for cervical can-
cer and precancerous lesions were 0.723,
0.833, 0.929, respectively. Their sensibilities
were 76.89%, 83.30% and 92.38%, and their
specificities were 77.04%, 88.47% and 94.47%,
respectively. See Table 4.

Discussion

In China, cervical cancer is a malignant tumor
of the female reproductive system with a high
incidence, which is mainly caused by persistent
HPV infection [13, 14]. The female patients
receiving kidney transplantation were more
likely to be infected with HPV than normal
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Table 2. HPV E6/E7 mRNA expression in patients with different grades of cervical lesions (n, %)

Number of HPV E6/E7 mRNA

Positive rate of HPV

Pathological biopsy outcomes Case (n) Rate (%) positive cases (n) E6/E7 mRNA (%)
Negative 35 40.23 18 51.43
CIN | 22 25.29 12 54.55
CIN I 15 17.24 10 66.67
CIN Il 11 12.64 9 81.82
ICC 4 4.60 4 100.00
Total 87 100.00 53 60.92

Note: HPV: human papillomavirus; CIN: cervical intraepithelial neoplasia; ICC: invasive carcinoma.

)
3

40-

HPV E6/ETmRNA positive rate (%

TCT HPV DNA

Figure 1. Expression of HPV E6/E7 mRNA in TCT and
HPV DNA-positive patients. TCT: thinprep cytology
test; HPV: human papillomavirus.

women due to their poor overall health. There
has been HPV opportunistic screening in China,
but some women do not pay enough attention
to it, resulting in low detection rate of HPV
infections and even cervical cancer [15]. The
use of appropriate test methods to improve the
detection rate of cervical cancer and precan-
cerous lesions plays an important role in
improving the quality of life of women after kid-
ney transplantation.

The main purpose of this study is to explore
the diagnostic value of TCT, HPV DNA and HPV
E6/E7 mRNA in the diagnosis of cervical can-
cer and precancerous lesions in women after
kidney transplantation. Histopathological biop-
sy was considered as the gold standard, to
analyze HPV E6/E7 mRNA expression in
patients with different grades of cervical
lesions. It was found that among 87 cases that
received histopathological biopsy, the positive
expression rates of HPV E6/E7 mRNA in the
CIN I, CIN 1l, CIN Il and ICC patients were
54.55%, 66.67%, 81.82% and 100.00%, sug-
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gesting the higher the level of cervical lesions,
the higher the positive expression rate of HPV
E6/E7 mRNA, which was consistent with the
results reported by Liu et al. [16, 17]. HPV is
the general term for human papillomavirus. In
more than 150 types, different types of HPV
viruses cause different diseases. Among them,
HPV 16 and HPV 18 are the main HPV types
that induce cervical cancer and cervical
intraepithelial lesions [16]. TCT and HPV DNA
are the main screening methods for early cervi-
cal cancer and precancerous lesions. However,
the limited diagnostic efficacy of TCT easily
leads to missed diagnosis or misdiagnosis situ-
ation [18, 19]. HPV DNA detection has signifi-
cantly increased the detection rate of cervical
cancer and precancerous lesions but it has
less specificity. Because only a small part of
HPV infection will eventually lead to the occur-
rence of cervical cancer and precancerous
lesions; HPV DNA detection fails to reflect the
carcinogenic activity of the virus which is to
blame for overtreatment [20]. E6 and E7 genes
are the main types of genes that induce cervi-
cal cancer. After the body is infected with high-
risk HPV types, E6 and E7 are expressed wildly
as the main oncogenes, producing E6 and E7
early oncoproteins, which affects the normal
regulation of the body’s cell cycle and eventu-
ally lead to cancer [21]. The genetic information
of DNA needs to be transcribed to mRNA and
then translated into protein through mRNA.
Therefore, the expression of HPV mRNA can be
detected to reflect oncogene activity.

In this study, the positive expression rates of
HPV E6/E7 mRNA in TCT and HPV DNA-positive
patients were 47.50% and 51.96%, demon-
strating that HPV E6/E7 mRNA was not neces-
sarily positive for TCT and HPV DNA-positive
patients. This laid the foundation for the next
step in the diagnosis of the three detection
methods. Subsequently, it was found that the
diagnostic positive rate of HPV E6/E7 mRNA for
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Table 3. Relationship between the results of 3 methods and

the results of histopathological biopsy (n, %)

than TCT and HPV DNA detections,
which was consistent with the report

Histopathological biopsy

from Dupin et al. This may be
P because HPV mRNA detection is a

genetic level detection [22].

However, this study is only an analy-

sis of the diagnostic effect of cervi-
0.511 cal cancer screening in 166 women
after kidney transplantation, and it
has not been compared with the
screening of normal women for cer-
vical cancer. This will be the focus
of the later research to determine

<CIN | >CIN Il
TCT 0.036  0.850
Positive 24 (27.59) 12 (13.79)
Negative 33(37.93) 18(20.69)
HPV DNA 0.431
Positive 30(34.48) 18(20.69)
Negative 27 (31.03) 12 (13.79)
HPV E6/E7 mRNA 10.827 0.001
Positive 29 (33.33) 26(29.89)
Negative 28 (32.18) 4 (4.60)

whether kidney transplantation will

Note: HPV: human papillomavirus; TCT: thinprep cytology test; CIN: cervical

intraepithelial neoplasia.

Table 4. Diagnostic efficacy of 3 methods for cervical cancer

and precancerous lesions

affect HPV E6/E7 mRNA screening
for cervical cancer.

In summary, the higher the level of
cervical lesions was, the higher the
positive expression rate of HPV E6/

toms T upvpna  HPVEG/ET E7 mRNA. HPV E6/E7 mRNA detec-

mRNA tion has higher diagnostic value for
AUC 0.723 0.833 0.929 cervical cancer and precancerous
95% confidence interval 0.602-0.864 0.723-0.926 0.836-0.977 lesions in women after kidney trans-
Sensibility (%) 76.89 83.30 92.38 plantation. Therefore, HPV EG/E7
Specificity (%) 77.04 88.47 94.47 MRNA detection can be used to

Note: AUC: area under the concentration-time curve; TCT: thinprep cytology

test; HPV: human papillomavirus.

>CIN Il was significantly greater than <CIN I,
which proved that HPV E6/E7 mRNA had a
higher diagnostic value for cervical cancer and
precancerous lesions again.

In order to further analyze the value of HPV EG/
E7 mRNA in the diagnosis of early cervical can-
cer and precancerous lesions in women under-
going kidney transplantation, this study ana-
lyzed the ROC curve. It revealed that the areas
under the concentration-time curve of TCT, HPV
DNA and HPV E6/E7 mRNA in the diagnosis of
cervical cancer and precancerous lesions were
0.723, 0.833, and 0.929, indicating that TCT,
HPV DNA and HPV E6/E7 mRNA tests had
diagnostic value on cervical cancer and pre-
cancerous lesions. What was more, the sensi-
tivity and specificity of HPV E6/E7 mRNA in the
diagnosis of cervical cancer and precancerous
lesions were 92.38% and 94.47%, respectively,
which were significantly higher than the detec-
tion of TCT and HPV DNA. It demonstrated that
HPV E6/E7 mRNA detection has higher diag-
nostic value for cervical cancer and precancer-
ous lesions in women after kidney transplanta-
tion, and its diagnostic efficiency was better
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diagnose cervical cancer and pre-
cancerous lesions to avoid exces-
sive examination and treatment.
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