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Abstract: Objective: Persistent infection with carcinogenic human papillomavirus (HPV) causes cervical intraepithe-
lial neoplasia (CIN) which, is commonly treated using the loop electrical excision procedure (LEEP). We investigated 
the factors that associate with the persistency of HPV after LEEP in patients with CIN. Methods: We retrospec-
tively analyzed 860 CIN patients who underwent LEEP. All patients had high-risk HPV (HR-HPV) testing using Hybrid 
Capture II system. HPV persistency, defined as HPV DNA being present before and 6 months after LEEP, was evalu-
ated. Cervical tissues specimens were collected at the time of LEEP. CD8+ and CD138+ expression were detected 
by immunohistochemistry and IFN-γ expression was detected by RT-PCR. Results: The HPV persistency rate was 
33.3% (286/860). Univariate analysis showed that HPV clearance rate after LEEP in the patients with CIN was 
higher when patients were younger (Rs=-0.109, P=0.011), lesions with HSIL (Rs=0.141, P<0.001), lesions involving 
the glands (X2=12.145, P<0.001) and contraception been used (P=0.001). Persistent HPV infection was more likely 
to occur when the pretreatment viral load was high (RLU/positive control >100, P=0.027). Patients with persistent 
HR-HPV infection had lower numbers of CD8+ cells (P=0.022), higher numbers of CD138+ cells (P=0.035) and 
lower levels of IFN-γ. Conclusion: Age, LSIL, condom contraception used and local immune status are significantly 
related to HR-HPV persistency after LEEP.

Keywords: Cervical intraepithelial neoplasia, persistent human papillomavirus infection, loop electrosurgical exci-
sion procedure

Introduction

Worldwide, cervical cancer is the second most 
common cancer in women and one of the most 
severe female health problems [1]. Globally, 
520,000 new cases of cervical cancer and 
260,000 deaths occur annually [2]. Cervical 
intraepithelial neoplasia (CIN) is a group of  
precancerous lesions that is closely related to 
cervical cancer [3]. If not treated, women with 
high-grade CIN are at very high risk of deve- 
loping cervical cancer [4]. Persistent infection 
with high risk human papillomavirus (HR-HPV) 
is the foremost cause of cervical cancer and 
postoperative recurrence [2, 3, 5]. Organized 
screening involving cytological or HPV testing  
is very useful for reducing or preventing cervi- 
cal cancer and post operation recurrence [1].

CIN is a well-known precursor of invasive cer- 
vical cancer. The loop electrosurgical excision 
procedure (LEEP) is frequently used to treat  
CIN [6-8]. However, recurrence/residual rates 
range from 5% to 30% [8], and persistent 
HR-HPV infection is a significant prognostic 
indicator of recurrence/residual disease after 
LEEP [9-12]. Age, HPV viral load, margin involve-
ment, and cytology grade are risk factors for 
recurrence/residual after successful LEEP [4, 
13-16].

Studies have also shown the association of 
local immunity with patient clinical presenta-
tions. T-lymphocytes play an important role in 
humoral and cellular immunity. CD4+ and CD8+ 
T-cells, which recognize HPV early proteins, 
have been found among cervical tumor infiltrat-
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ing lymphocytes and are present in the blood of 
healthy donors and although to a different 
extent, in patients with CIN and cervical cancer. 
CD4+ helper T-cell scan directs the body to 
fight against the virus. There are two subsets of 
these cells, Th1 and Th2. Th1 cells arouse cel-
lular immunity by activating cytotoxic CD8+ 
T-cells and secreting interferon-gamma (IFN-γ) 
[17, 18]. Th2 cells help B-lymphocytes synthe-
size and secrete antibodies [19, 20]. IFN-γ is 
known to inhibit HPV oncogene transcription 
and inhibit the growth of cell lines harboring the 
viral genome [21, 22]. CD138 (syndecan-1) is a 
transmembrane sulfuric acid heparin proteogly-
can family member. It is a cell adhesion mole-
cule, promoting cell proliferation, cell matrix 
and cell-cell adhesion by the sulfuric acid-ace-
tic acid heparin chain. CD138 expression in 
some tumors is obviously missing, which leads 
to the loss of cell growth and contact inhibition 
function, which makes the tumor cell prolifera-
tion, and highly invasive activity [23]. The local 
immune response might affect the HPV persist 
infection [24]. However, studies on the immune 
modulation of HPV persistence infection after 
LEEP are limited.

In this study, we assessed the rate and high 
risk factors of HPV persistence after LEEP in 
CIN patients, with consideration of HPV viral 
loads, age, severity of disease, lesions involv-
ing the glands, contraception used and local 
immunity.

Material and methods

Study population

Eight hundred and sixty patients underwent 
LEEP conization due to CIN at Shanghai First 
Maternity and Infant Hospital, Tongji University 
School of Medicine, between February 2014 
and July 2015 were included in this study. This 
study was approved by the local Scientific and 
Ethical Committee (ref: K51533). All samples 
and data were collected with written consents 
from patients. Patient demographics, HR-HPV 
test data, pathology reports, and follow-up data 
were reviewed from medical records.

HR-HPV titer was detected by HCII (Digene, 
Maryland, USA) before LEEP and 6 months 
after LEEP according to the manufacturer’s 
instructions.

Cytology

The cervical cytology in this study was liquid-
based (Thinprep cytologic test, TCT, Hologic, 
USA). Exfoliated cervical cells were collected 
using a special cytobrush. All specimens were 
stained using the Papanicolaou method and 
were evaluated using the Bethesda System. 
Cytology was divided into negative for intraepi-
thelial lesion (NILM), atypical squamous cells of 
undetermined significance (ASCUS), atypical 
squamous cells with high grade (ASC-H), low-
grade squamous intraepithelial lesions (LSILs) 
and high-grade squamous intraepithelial le- 
sions (HSILs). For the pathological diagnosis, 
colposcopy with direct biopsy was performed. 
The results of the colposcopic-directed biopsy 
were also divided into two groups: low-grade 
squamous intraepithelial lesions (LSILs), includ-
ing Koilocyte, warts and CINI and high-grade 
squamous intraepithelial lesions (HSILs), inclu- 
ding CINII/III and carcinoma in situ (CIS).

Reverse transcription-polymerase chain reac-
tion

Exfoliated cervical cells were collected before 
LEEP using an endocervical cytobrush and 
stored in the saline solution. RNA was extract-
ed from cells using Trizol reagent according to 
the manufacturer’s protocol. The concentration 

Table 1. Patient demographics (n=860)
Number of 

patients %

Cytology Normal 231 26.9
ASCUS 268 31.2
ASC-H 80 9.3
LSIL 185 21.5
HSIL 96 11.2

Biopsy pathology LSIL 445 51.7
HSIL 415 48.3

HPV DNA Negative (0-1) 101 11.7
<100 323 37.6
100-500 182 21.3
>500 254 29.4

LEEP pathology LSIL 402 46.7
HSIL 421 49.0
CA 9 1.0
CC 28 3.3

HPV DNA after LEEP Positive 318 37.0
Negative 542 63.0

ASCUS: Atypical squamous cells of undetermined significance; 
ASC-H: Atypical squamous cells-high grade; LSIL: Low-grade 
squamous intraepithelial lesion; HSIL: High-grade squamous 
intraepithelial lesions; CIN: Cervical intraepithelial neoplasia; 
HPV: Human papillomavirus; RLU/PC: Relative light units/
positive control; CC: Chronic cervicitis; and CA: Carcinoma.
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of RNA was determined using SmartSpec plus 
(Bio-Rad, USA). RNA was reverse transcribed  
to cDNA using the PrimeScriptTMRT reagent  
Kit (code: DRRO37s, 100 reactions, TaKaRa) 
according to the manufacturer’s protocol. PCR 
was performed in a 25 µl reaction volume con-
taining 1 µl of cDNA, 12.5 µl of premix Taq 
(code: D331, 500 µl, TaKaRa), 0.5 µl of for- 
ward primer, 0.5 µl of reverse primer and 10.5 
µl of dH2O. The primer sequences for IFN-γ  
were as follows: Forward 5’-ATGAAATATACAA- 
GTTATATCTTGGCT-3’, Reverse 5’-GCGACAGTTC- 
AGCCATCACTTG-3’ (420 bp); β-actin: Forward 
5’-ATGGGTCAGAAGGATTCCTATGTG-3’, Reverse 
5’-CTTCATGAGGTGTCAGTCAGGTC-3’ (434 bp).

The amplification conditions were as following: 
preheating at 95°C for 2 min, 35 cycles of 
denaturation at 95°C for 30 seconds, anneal-
ing at 55°C for 1 min, and extension at 72°C  

for 1 min were performed. The PCR products 
were separated by electrophoresis on a 2% 
agarose gel and visualized with an Eagle Eye 
analyzer [25].

Immunohistochemistry

Specimens were taken from resected tis- 
sues from CIN patients who underwent LEEP. 
Paraffin sections were prepared using estab-
lished techniques [26]. After dewaxing, the par-
affin sections were microwaved three times in 
citric acid (BOSTER) for 6 min. The sections 
were incubated with H2O2 (BOSTER, #AR1108) 
and 5% BSA (BOSTER), followed by incubation 
at 4°C overnight using primary monoclonal 
antibodies against CD8 (clone c8/144B, 1:25; 
DAKO, Glostrup, Denmark) and CD138 (clone 
MI15, 1:25; DAKO, Glostrup, Denmark). The pa- 
raffin sections were then incubated with HRP-

Table 2. Viral Clearance 6 months after LEEP [(n (%)]
N (viral clearance) Clearance rate (%) Rs/X2 P

Age
    21-30 62 66.0 (62/94)
    31-40 249 69.2 (249/360)
    41-50 125 68.3 (125/183)
    51-60 83 56.5 (83/147)
    >60 23 30.3 (23/76)
    Total 542 63.0 (542/860) Rs=-0.109 0.011
Virus titer before LEEP (RLU/PC)
    <100 263 81.4 (263/323)
    100-500 125 68.7 (125/182)
    >500 152 59.8 (152/254)
    Total 542 71.4 (542/759) Rs=0.101 0.002
LEEP Pathology
    LSIL 230 57.2 (230/402)
    HSIL 306 72.7 (306/421)
    CA 6 66.7 (6/9)
    Total 542 65.1 (542/832) Rs=0.141 <0.001
Margin
    Positive 175 58.9 (175/297)
    Negative 367 65.2 (367/563)
    Total 542 63.0 (542/860) X2=3.27 0.07
Glands
    Involved 249 70.7 (249/352)
    Not involved 293 57.7 (293/508)
    Total 542 63.0 (542/860) X2=15.22 <0.001
Condom contraceptive
    Yes 210 73.2 (210/287)
    No 332 57.9 (332/573)
    Total 542 63.0 (542/860) X2=19.03 <0.001
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labeled polymers from the Real Envision De- 
tection kit (Gene Tech #GK500705, Gene Tech 
Company Limited, Shanghai) for 30 min and 
visualized by staining with DAB+ chromogen  
for 20 min. The immunohistochemical results 
were analyzed using semi-quantitative scoring. 
The degree and extent of immunopositivity  
was assessed under a microscope (numerical 
aperture=0.65, field of vision for the ×40 ob- 
jective=0.52 mm). The steps were performed 
according to Ovestad IT [20]. All results were 
read by 2 experienced pathology experts under 
supervision of a senior pathologist.

Statistical analysis

Statistical analyses were performed using 
SPSS (version 13.0, IBM, USA). Fisher’s exact 
test, χ2, and Logistic regression analysis were 
used where appropriate. All P-values present- 
ed are 2-sided and a significant difference  
was assumed if P<0.05.

Results

Patient characteristics

In total, 860 patients who underwent loop elec-
tric conization were included in this study. The 

median age was 33.6 years and ranged from 
21 to 65 years. Patient demographics are listed 
in Table 1.

As shown in Table 1, the cytology before coniza-
tion included 231 normal findings (26.9%), 268 
ASCUS (31.2%), 80 ASC-H (9.3%), 185 LSILs 
(21.5%), and 96 HSILs (11.2%). The colposco-
py-directed biopsy before conization showed 
445 LSIL (51.7%) and 415 HSIL (48.3%). HR- 
HPV was identified in 759 patients (88.3%) be- 
fore LEEP. The baseline viral load included  
101 (11.7%) patients with negative results, 323 
(42.6%) with low loads (RLU/PC=1 to 100), 182 
(21.3%) with intermediate loads (100<RLU/
PC≤500) and 254 (29.4%) with high loads 
(500<RLU/PC). The histology of the LEEP con-
ization specimen showed 402 (46.7%) pa- 
tients with LSIL, 421 (49.0%) with HSIL, 9 
(1.0%) with cervical carcinama, and 28 (3.3%) 
with chronic cervicitis. After LEEP conization, 
542 (63%) patients had no detectable high- 
risk HPV, while 318 (37%) patients had per- 
sistent HR-HPV according to the HCII.

Factors associated with HPV persistency after 
LEEP

Table 2 shows that the HPV clearance rate in 
different age groups. Rank correlation analy- 
sis showed that the virus clearance rate de- 
creased with the increase of age (Rs=-0.109, 
P=0.011). The higher degree of lesion, the high-
er rate of virus clearance. Positive margin in  
the LEEP were not associated with HPV clear-
ance/persistency after LEEP conization (Table 
2). Glands involved was the significant factor 
for HPV infection clearance after LEEP coni- 
zation (X2=12.145, P=0.000). In a logistic re- 
gression analysis, preoperative HPV titer and 
CIN level were significant factors for persis- 
tent HPV infection after LEEP conization (RLU/
PC≥500) (P=0.002). The HPV infection clear-
ance rate is higher after LEEP in patients with 
low HPV titer and the high disease level be- 
fore LEEP (Table 2).

Local immune responses and the clearance of 
HR-HPV after LEEP

The level of IFN-γ expression was associated 
with the clearance of HR-HPV after LEEP. The 
HR-HPV clearance rate is low in patients with 
low level IFN-γ expression (Figure 1). CD8+ and 

Figure 1. The level of IFN-γ expression was lower in 
patients of HPV persistence than clearance after 
LEEP.

Table 3. Results of CD8+ and CD138+ cells 
expression in patients of CIN with HPV posi-
tive before and negative after LEEP (data 
were presented as number of persistent HR-
HPV infection/total in each group)

Negative (%) Positive (%)
CD8+ cell
    High: ≥113 18/21 (85.7%) 3/21 (14.29%)
    Low: <113 6/13 (46.2%) 7/13 (53.85%)
CD138+ cell
    High: ≥37 5/11 (45.5%) 6/11 (54.55%)
    Low: <37 19/22 (86.4%) 3/22 (13.64%)
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CD138+ cell numbers are different in cervical 
tissues without and with persistent HR-HPV 
infection after LEEP (Table 3). The cervical tis-
sues with persistent HR-HPV had fewer CD8+ 
cells (P=0.022) and more CD138+ cells (P= 
0.035) compared with cervical tissues from 
patients with clearance of HR-HPV after LEEP 
(Figures 2, 3 and Table 3).

Discussion

The presence of residual/recurrent disease 
after LEEP is an important part of postopera-
tive follow-up as nearly all residual/recurrent 
CIN occurred in patients with HR-HPV persis-
tence [1]. Our study showed that persistent 
HR-HPV infection associated with age, the 
severity of the cervical lesions, gland involve-
ment, preoperative HPV titer and local immu- 
nity. Condom contraception is an effective me- 
thod to reduce persistent infection after LEEP. 
Our results also showed that there are 9 in  
860 patients were found with CA after LEEP 
procedure (1.0%). In 17 patients with CIS after 

to the clearance of HPV following LEEP remains 
controversial [28-30]. Park et al. reported that 
CIN grade was not a predictive factor for HPV 
persistency [31]. Our result showed that a low 
grade of CIN was a factor in predicting HPV  
persistency. This result may imply that LEEP 
operation is not the best way for LSIL.

To authors’ best knowledge, the cervical local 
immune response index as a risk factor for pre-
dicting the persistence of HPV infection has not 
been reported previously. In our study, persis-
tent HR-HPV infections after LEEP were most 
likely to occur when there were lower numbers 
of CD8+ cells, higher numbers of CD138+ cells 
and lower levels of IFN-γ in the cervical micro-
environment. Therefore, these factors have 
predictive value in clinical treatment. Differ- 
ences in IFN-γ mRNA levels in patients with 
HPV clearance and with HPV persistence after 
successful LEEP have not been previously re- 
ported. Scott et al. reported that a Th1 cyto- 
kine response occurred in the cervical tissue 
with the clearance of HPV infection [34]. El- 
Sherif et al. demonstrated that IFN-γ mRNA ex- 

Figure 2. Differences in CD8+ cell expression (A: Few CD8+ cells clearance 
of HR-HPV infection at 6 months after LEEP; and B: More CD8+ cells persis-
tent HR-HPV infection at 6 months after LEEP).

LEEP, 16 of them are HSIL 
with HPV 16 positive and one 
of them is HPV 58. In 7 SCC 
patients, 6 of them are HSIL 
and 1 is LSIL in the biopsy 
diagnose before operation. In 
1 patient of base cell adeno-
carcinoma with HPV39 posi-
tive the biopsy pathology is 
not clear but the TCT result  
is normal. One patient of AIS 
without HPV type result the 
biopsy pathology is HSIL be- 
fore operation.

Several studies reported fac-
tors associated with the clear-
ance of HPV infection after 
CIN treatment with, however, 
in consistent conclusions. 
Some studies have shown 
that age is not related to the 
persistence of HPV after treat-
ment [18, 19], which is con-
trary to this study. Studies  
of the persistency of HPV in- 
fection after successful LEEP 
had inconsistent results [27-
33]. Whether age is related  
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pression was significantly higher in normal cer-
vical tissue than in cervical tissue with CIN 
[35]. Studies of the cervical local immune 
response have shown that adaptive immune 
cells infiltrate CIN lesions. CD8+ cytotoxic T- 
lymphocytes and CD138+ B-lymphocytes are 
adaptive immune cells. The E6 and E7 proteins 
of HPV-infected cells are recognized and act 
specifically against these adaptive immune 
cells [20]. Ovestal et al. demonstrated that 
high-grade CIN was likely to regress due to  
the specific reaction of adaptive immune cells. 
Higher CD8+ cytotoxic T-lymphocyte numbers 
and lower CD138+ B-lymphocyte numbers are 
present in cases of lesion regression [36].

In conclusion, HR-HPV infection cleared after 
successful LEEP conization in most patients. 
HPV DNA loads >500 RLU/PC, age, without 
condom controception and low local immunity 
are important high risk factors of HPV per- 
sistence after LEEP. Local immune status in 
patients with HPV persistent infection needs 
further studies.
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