Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2019 d0i:10.20944/preprints201909.0169.v1

Severe Inflammation Indicates High Risk of HSIL:

from a Cross-Sectional Study

Tengfei Long™, Lingli Long #2, Yaxiao Chen®, Yubin Li%, Ying Tuo* Yue Hu?,
lingling Xie?, Gui He> Wen Zhao®, Xiaofang Lu™® Zhonggiu Lin ™

!Department of Gynaecology and Obstetrics, Sun Yat-Sen Memorial Hospital, Sun Yat-Sen
University, Guanghzou, China, 510120; longtengfei811@163.com (T.F.L.),
xielingling86@sina.com (L.L.X), lin-zhonggiu@163.com (Z.Q.L), lovelystone0617@163.com
(Y.X.C)

2Translation Medicine Center, The First Affiliated Hospital, Sun Yat-Sen University, Guangzhou,
China, 510080;_longll@mail.sysu.edu.cn(L.L.L), huyue29@mail2.sysu.edu.cn (Y.H.)

3The Reproductive Center, The First Affiliated Hospital, Sun Yat-Sen University, Guangzhou,
China,510080;liyubin97200@163.com (Y.B.L.), zhaow37@mail2.sysu.edu.cn (W.Z)

“Department of pathology, The First Affiliated Hospital, Sun Yat-Sen University,
Guangzhou,China, 510080; tuoying0902@126.com (T.Y)

5 Cellular & Molecular Diagnostics Center, Sun Yat-Sen Memorial Hospital, Sun Yat-Sen
University, Guanghzou, China, 510120; hegui36@mail.sysu.edu.cn (H.G)

5Department of pathology, The Seventh Affiliated Hospital, Sun Yat-Sen University, Shenzhen,
China, 518107; zdluxiaofang2003@163.com (X.F.L.);

# The authors contributed equally to this work.

* Address correspondence and reprint to: Z.Q. Lin, Department of Gynaecology and Obstetrics,
Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University, Guanghzou, China, 510120, China. Tel:
138-0292-1545.

Address correspondence and reprint to: X.F. Lu, Department of pathology, The Seventh Affiliated
Hospital, Sun Yat-Sen University, Shenzhen, China, 518107.Tel:+86 13580560209

© 2019 by the author(s). Distributed under a Creative Commons CC BY license.


mailto:xielingling86@sina.com
mailto:lin-zhongqiu@163.com
mailto:lovelystone0617@163.com
mailto:longll@mail.sysu.edu.cn(L.L.L)
mailto:huyue29@mail2.sysu.edu.cn%20(Y.H.)
mailto:liyubin97200@163.com%20(Y.B.L.)
mailto:tuoying0902@126.com
mailto:zdluxiaofang2003@163.com%20(X.F.L.)
https://doi.org/10.20944/preprints201909.0169.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2019 d0i:10.20944/preprints201909.0169.v1

Abstract: Inflammation has been reported as a facilitator in cervical oncogenesis, but the correlation
between inflammation and cytology abnormality including Cervical Intraepithelial Neoplasia (CIN)
remains uncertain. The aim of this study was to investigate the correlation between them with ThinPrep
cytological test (TCT) as a screening tool for cervical cancer and CIN, which can identify abnormal
morphology of cervical mucosa epithelium and inflammation degrees. A retrospective analysis of
clinical data from 48101 women undergoing TCT in the affiliated hospitals of Sun Yat-Sen University
(SYSU) revealed that among the 8.87% (4102 cases) total positive rate of ASC, LSIL and HSIL, 67.7%
(2777/4102) of TCT positive samples had inflammatory infection. The rate of severe inflammation was
significantly higher in cytological abnormality group than the control group (15.1% vs. 2%, P=0.000).
Our results showed that severe inflammation significantly increased incidence of cytological
abnormality by 12.59 times and elevated the risk of HSIL by 756.47 times. In conclusion, severe
inflammation increased the risk of cytological abnormality, and should be viewed as an important risk
of HISL. These results of our study remind clinicians to be more watchful for women with severe
cervical inflammation in TCT reports for earlier prevention of the HSIL.
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1. Introduction

Cervical cancer is the most common malignancy in women of developing countries and second
only to breast cancer worldwide[1] , with approximately 530,000 new cases annually, including
approximately 102,000 in China in 2014[2,3]. CIN as precursor of cervical cancer describing the
appearance of dysplasia of squamous cells on the surface of cervix, has the potentially premalignant
transformation ability(Ostér, 1993)[4]. Most of CIN 1, 1l subsequently regress to normalcy, but CIN 111
may potentially develop into cervical carcinoma in situ, and even invasive cervical cancer [5,
6].Cervical cancer screenings have been reported successful in controlling the incidence of invasive
cervical cancer worldwide [7] for its early detection of CIN, which can lead to early treatment to stop

the development of cancer in time.

As a screening tool for cervical cancer and CIN, TCT is a fluid-based, automated technique for
collection of exfoliated and aspirated cytological samples [8, 9]. The advanced processes of TCT
results in decreased obscuring material, well- preserved cellular morphology, inflammation degrees and

minimal cell overlap in the smears [10, 11]. The wide utility of TCT has increased the positive rate of
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the cytological diagnosis for cervical diseases, usually CIN [12]. The Bethesda System(TBS) was used
to report the results of TCT in clinic [13]. The golden standard--histopathology examination can help to
diagnose CIN and cervical cancer in TCT positive samples. In clinical practice, however, doctors often
focus on the cytology abnormality in TCT reports while ignore the inflammation degree functions. This
rationalizes the suggestions to exclude inflammation degrees from TCT reports, but some studies
insisted that inflammation has played an important role in tumorigenesis and progress of cervical
cancer [14].

Inflammation has long been implicated as a risk factor for cervical cancer [22].Previous study
revealed that women with cervical inflammation were prone to suffer from cervical cancer [15]. The
development of epidemiological and molecular biology has demonstrated that most cervical cancer is
related to inflammation and infection [16-18]. Human papillomavirus (HPV) is confirmed as the
leading cause of cervical cancer by many laboratory studies and epidemiological investigations [19, 20].
High risk oncogenic subtypes of HPV with persistent infection result in chronic inflammation, leading
to carcinogenesis and causing CIN and cervical cancer[21].Cervical inflammation is a possible risk
factor for high-grade lesions in HPV-infected women. Genital infections leading to inflammation is one
of the main factors related to cervical cancer in many epidemiological studies. This highlighted the
correlation between genital tract inflammation and cervical cancer [22]. The increasing level of
inflammation elevated the risk of High-grade lesions by 2 folds, which suggested that cervical
inflammation might contribute to the progression of the high-grade lesions [15]. Moreover, laboratory
study showed that the elevation levels of inflammatory cytokines IL-6 and IL-8 in cervical epithelial
were positively associated with cervical cancer. Thus, evaluation of the inflammation degrees can be
helpful for the prediction of cervical cancer.

As the cervical cancer screening tool TCT can detect the cytological abnormality and evaluate the
inflammation degrees. However, the correlation between cytology abnormality and inflammation
remains uncertain [23]. TCT reports the cytology abnormality but cannot predict whether the patients
are at high risk of lesion progression. Thus, it is beneficial to explore a new factor for the prediction of
the risk of cytological abnormality progression. In this study, we suggested that TCT was an effective
screening tool of CIN, and HISL has a close relationship with CIN3.Therefore, we intended to point
out the high risk of HISL. We examined the inflammation degrees in the cytological abnormality slides
and revealed the positive correlation between inflammation and different stages of cytological
abnormality. In addition, we investigated the risk prediction value of inflammation degrees for HISL
by logistic analysis.

2. Results
2.1 Participants characteristics

During January 2008 and May 2012, 48101women aged 17~76 years old were enrolled for the
screening, among whom 5380 cases were TCT positive (including ASC, LSIL, HSIL, AGC and CC).
However, our study focused only on the 4102 cases of squamous cell abnormalities (ASC, LSIL and
HSIL). We evaluated the clinic characteristics of the 4102 patients. The information included the age
distribution, smoking status (never, current), education, age at start of active sex life, number of sexual
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partners, contraceptive methods, and socioeconomic characteristics of the participants as described in
Table 1.

Table 1. Distribution of demographic characteristics of study subjects.

Characteristics ASC LSIL HSIL

N % N % N % P-value

Smoking status

never 3089 91.4 553 94.6 125 90.9 0.739

current 291 8.6 32 5.4 12 9.1

Age at enrollment(years)

=25 145 43 32 54 0 0 0.555
>25 3235 95.6 553 94.6 137 100

education

Primary school 439 13.0 52 8.9 25 18.2 0.866
Middle school 1416 419 251 429 56 40.9

undergraduate 1379 40.8 240 41.1 44 31.8

graduate 145 43 42 7.1 12 9.1

Age at sexual debut(years)

=20 1055 31.2 209 35.7 12 54.5 0.121

>20 2325 68.8 376 64.3 10 455

Lifetime no. Sexual partners

1-2 2761 81.7 460 78.6 75 54.5 0.02

=3 619 18.3 125 21.4 62 45.5

Contraceptive methods

condom 1706 50.5 282 48.2 75 54.5 0.372
Contraceptive pills 74 2.2 0 0 0 0

IUD 545 16.1 178 304 25 18.2

others 1055 31.2 125 21.4 37 27.3

Mobthly income(yuan)
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=5000 1453 43.0 209 35.7 37 27.3 0.34

>5000 1927 57.0 376 64.3 100 72.7

Values are numbers (percentage) unless otherwise stated

There were no significant differences in the age distribution, smoking status (never, current),
education, age at start of active sex life, contraceptive methods, and socioeconomic characteristics.
However, the multiple sexual partners predicted the high risk of cytological abnormality (p=0.02).

2.2 Qualitative analysis of TCT screening

We evaluated the quality of 48,101 cervical cytological slides of ThinPrep Cytology Test (TCT).
96.16 %( 46255/48101) of the slides fulfilled the requirement of TCT. 3.84 %( 1846/48101) of the
slides were scored as unsatisfied samples due to the poor quality (Table 2). Our study was based only
on the 46255 cases of the satisfied and general slides to minimize the misdiagnosis rate.

Table 2. Distribution of cervical cytology slides in different satisfaction degrees.

Satisfaction Degree Number Percentage (%)
Satisfied 36420 75.71

General 9835 20.45
Unsatisfied 1846 3.84

The purpose of Table 3 is to show the faults and issues of the 11681 general and unsatisfactory
slides. Obviously, excessive impurities in the slides were the most major cause, and other issues
included thick smears, excessive blood cells or none cervical cells in the slides.

Table 3. Problems of 11681 slides

Problems of slides Number Percentage (%)
None cervical cells 676 1.41

Excessive blood cells 3002 6.24

Very thick smear 3145 6.54

Excessive impurities 4858 10.10

2.3 Correlation between histopathological findings and TCT

TCT results were classified by the 2014 TBS, a system for reporting cervical or vaginal
cytological diagnoses (table 4). In the 46255 cytological cases, 40875 (88.37%) samples were reported
negative, and only 4102 cases were reported as cytological abnormality (ASC, LSIL, HSIL) by TCT,
accounting for 8.87% of total samples. Among the 46255 participants of our study, there were 3380,
585 and 137 cases identified as positive for ASC, LSIL, and HSIL, accounting for 7.31%, 1.21%, and
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0.28%, respectively.

We used colposcopy examination and histopathological biopsy to diagnose CIN in the 4102 TCT
positive samples. It showed that 2965 (72.28%) women had CIN including CIN1, CIN2 and CIN3 and
cervical cancer, 2355(57.41%), 359(8.75%), 295(7.19%) and 7(0.17%) cases of cytological
abnormality were CIN1, 2, 3 and cervical cancer, respectively.

As the results shown in Table 4, 82.4% (3318/4102) of the cytological abnormality were identified
as ASC by TCT and 62.81% of ASC were CIN1 determined by histopathology. But only 1.36% of
ASC was CIN3. It indicated that most of ASC patients were the low grade lesion at the early stage of
neoplasia. However, the pathological diagnosis of patients with LSIL may have multiple possibilities.
The probability of CIN1, 2 and 3 were 37.78%, 28.38% and 29.40% respectively. As to HSIL, 56.20%
of HSIL patients had CIN3, even cervical cancer (2.92%). Based on the above results, we could find
that ASC indicated a high probability of CIN1, and HSIL indicated a high probability of CIN3. But
LSIL had more uncertain possibilities of CIN.

Our results showed a clear relationship between cytological abnormality and the progression of
CIN. Among the 4102 TCT positive samples, the rates of CIN were 68.79%, 95.21%, and 95.62% in
ASC, LSIL and HSIL group, respectively (Table 4). The percentages of CIN3 in ASC, LSIL and HSIL
groups were 1.36%, 29.40% and 56.20% respectively. The percentage of CIN3 was the highest in
HSIL group. As the severity of cervical cytology abnormalities increased, the proportion of CIN3 also
gradually increased. Interestingly, these distributions of CIN in ASC, LSIL and HSIL suggested that
HSIL patients should be more watchful for CIN3 and cervical cancer.

Table 4. Correlation between histopathological findings and TCT

TCT positive

histopathology ASC (N/%) LSIL (N/%) HSIL (N/%) Total (N/%)
negative 1055(31.21) 25(4.27) 6(4.38) 1086(26.47)
CIN1 2123(62.81) 221(37.78) 11(8.03) 2355(57.41)
CIN2 154(4.56) 166(28.38) 39(28.47) 359(8.75)
positive
CIN3 46(1.36) 172(29.40) 77(56.20) 295(7.19)
CcC 2(0.06) 1(0.17) 4(2.92) 7(0.17)
total 3380(82.40) 585(14.26) 137(3.34) 4102

2.4 The correlation between cervical inflammation degrees and cytological abnormality

To investigate the influence of inflammation degree on cytological abnormality, 4102 slides of
TCT positive samples were collected for inflammation evaluation. The control group was TCT
negative samples. We found that 69.87% (2866/4102) of the TCT positive samples had cervical

inflammation.
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It showed that 50.52%, 14.75% and 15.10% of the cytological abnormality samples had mild,
moderate and severe inflammation, respectively. In the control group, 42.5%, 15.8% and 2% of the
samples had mild, moderate and severe inflammation. There were no significant difference in mild and
moderate inflammation rates between cytological abnormality group and the control group (P>0.05).
However, the rate of the severe inflammation was significantly higher in the cytological abnormality
group (15.1%) than in the control group (2%), (P<0.05). These results indicated that the severe
inflammation had a positive relationship with cytological abnormality (Figure 5-a). In order to explore
the influence of different degrees of inflammation in the ASC, LSIL and HSIL, we analyzed the
percentage of mild inflammation, moderate inflammation and severe inflammation in control group,
ASC group, LSIL group and HSIL group. The result indicated that in the control group and the ASC
group, the percentages of severe inflammation (2%, 19.46%) were lower than those with mild (42.5%,
43.8%) and moderate inflammation(15.8%, 25.58%). While, in the LSIL and HSIL groups, the
percentages of severe inflammation (43.35%, 50.22%) were higher than mild (20.80%, 13.68%) and
moderate inflammation(24.52%, 26.79%). Thus, the inflammation severity was positively correlated
with the progress of cytological abnormality, and HSIL group had the highest percentage of severe

inflammation (Figure 5-b).
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Figure 5. (a). The percentages of different inflammation degrees in the control and in the cytological abnormality
groups; (b). The distribution of different inflammation degrees in each cytological abnormality group compared

with the control group.

2.5 Logistic analysis of the relationship between the inflammation degrees and incidence of cytological

abnormality

In order to clearly understand the exact risk of inflammation on cytological abnormality, we used
logistic regression model to analysis the relationship between the degrees of inflammation and
incidence of cytological abnormality. The logistic regression model showed that all degrees of
inflammation could enhance the prevalence of cytological abnormality. For severe inflammation
particularly, the incidence of cytological abnormality was increased by 12.598 times, while mild and
moderate inflammation could only increase the incidence of cytological abnormality by 2.14 and 1.382
times, (Table 5). As the results indicated, severe inflammation was closely related to CIN.
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Table 5. the increased risk of the incidence of cytological abnormality by degrees of inflammation.

Inflammation Point 95% Wald
degree estimate Confidence limits
mild 2.140 1.970 2.325
moderate 1.382 1.243 1.536
severe 12.598 10.861 14.614

2.6 Risk prediction of cytological abnormality progression by different degrees of inflammation
As mentioned above, severe inflammation had higher risk of the cytological abnormality.

It’s very important to calculate the odds ratio between different grades of cytological abnormality and
different degrees of inflammation. We found that all degrees of cervical inflammation increased the
risk of all grades of cytological abnormality. It seemed that the inflammation was positively related to
the incidence of cytological abnormality. Obviously, it showed that severe inflammation had the
highest risk for HSIL (756.472 times for HSIL). Conspicuously, severe inflammation increased the risk
of HISL by 756 times, compared with that in control group (Table 6).

Table 6 Cytological abnormality odds ratio estimates by inflammation degrees

Inflammation degree ASC LSIL HSIL

mild 2.012(1.846, 2.194)* 2.980(2.338, 3.798)* 6.719(1.934, 23.338)*
moderate 1.455(1.298, 1.630)* 2.374(1.762, 3.198)* 22.421(6.742, 74.561)***
severe 7.094(5.999, 8.390)*** 47.949(36.779, 62.512)*  756.472(239.065, +oo)*

CHRR 550 057 p<0.05
3. Discussion

This cross-sectional study which included 46255 cases of TCT reports and 4102 cases with ASC,
LSIL and HSIL aimed to determine the correlation between the inflammatory degrees and cytology
abnormality risk. We observed that multiple sexual partners predicted the high risk of cytological
abnormality. Moreover, the distribution of the cytology abnormality was in line with CIN. And the
increasing inflammation degrees, as indicative of severer inflammation condition of cervical epithelial
cells, were positively correlated with increased risk of cytology abnormality. Particularly, women with
severe inflammation were at highest risk of cytology abnormality. Patients with HSIL showed a strong
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possibility of CIN3 and the high risk by the presence of severe inflammation. Thus, the results
confirmed the study hypothesis that severe inflammation is correlated with the increased risk of HSIL.

In this study, we have described the demographic characteristics of the participants with ASC,
LSIL, and HSIL, and we found that multiple sexual partners predicted the high risk of cytological
abnormality. Similarly, numerous epidemiology studies showed multiple sexual partners is one of the
significant risk factors for developing HSIL [24, 25]. Some studies found that the sexual behavior of
women, multiple sexual partners and increasing number of the sexual partners were associated with
high-risk HPV (hrHPV) infection [24, 26-28]. However, other studies suggested that with or without
HPV infection, having multiple sexual partners is an independent risk factor of cervical cancer [29].
Cervical cancer is a multi-step disease with several contributing co-factors including multiple sexual
partners, a compromised immune system and cervical inflammation caused by genital infections, and
multiple sexual partners might be related with the infections and inflammation, which could lead to the
development of cervical cytological abnormality [30].

TCT is the most advanced cytological examination technique for cervical cancer globally, but the
sample quality with the degree of satisfaction is the guarantee of high credibility of TCT results. In our
study, the satisfaction rate of TCT was high up to 96.16 % (46255/48101). According to the analysis of
the problems of the unsatisfactory slides, it’s necessary to standardize operational details: a) collect
enough epithelial cells for observation with cotton swabs; b) wipe the secretion after rub-up to brush
into the cervix; c) use the voyeuristic for fully exposed cervix; d) contact sufficiently the surface of
cervical squamous epithelium and transition zone with cervical cells brush for 8-10 circles at the same
direction [31]. It’s recommended that sampling is performed by skilled and experienced gynecologists.

Our data showed that the distribution of cytology abnormality was in line with CIN. Previous
studies have reported that the TCT positive rate ranged 3.17%-41.7% [ 32-35]. In our study, TCT had a
positive rate of 8.87% (4102/46255) , with a high screening sensitivity of 72.28 %( 2965/4102) of CIN
which was diagnosed by histopathological examination. As the severity of cervical cytology
abnormalities increased, the proportion of CIN also gradually increased. The results showed that TCT
had a high specificity for cytology abnormalities, especially LSIL and HSIL. Once TCT indicated
HSIL, doctors should be alert to the high possibility of CIN3 and conduct colposcopy biopsy for the
patients in time to confirm the diagnosis. After diagnosed by histopathology, our study found that there
was a clear relationship between cytological abnormality and the progression of CIN. ASC was mostly
CIN1 (62.81%), LSIL was mostly CIN2 or CIN3 (57.78% in total), and HSIL was mostly CIN3
(56.20%).Some studies have similar rules, but the sample size varies greatly, which affects the
persuasiveness of the results [35-37]. According to our study with a huge sample population, the results
of TCT can show more information and clues at clinic. Clinically, CIN3 must be treated to prevent the
development of cervical cancer or even invasive cervical cancer. CIN2 should be judged by combining
the results of HPV DNA testing and immunohistochemical of P16. Most CIN1 can be evolving into
chronic inflammation without treatment. With the positive TCT reports, gynecologists would know the
possible histopathology results for patients, because TCT was often in line with CIN. And that’s why
most of the gynecologists would like to use TCT as primary screening tool world widely [38-40].
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TCT is capable of identifying patients with cytology abnormality and inflammation, and it can
determine if these patients are at a high risk of cytology abnormality. Previous studies found that
inflammation as an initiation and carcinogenesis factor is positively correlated to the cervical cancer
[31]. Our results revealed that, mild and moderate inflammation had no significant difference between
cytological abnormality and control (P>0.05), while the incidence of severe inflammation was
significantly higher in cytological abnormality than in the control (P<<0.05) (Figure 5A). It showed
that mild and moderate inflammation didn’t increase the risk of cytology abnormality significantly.
However, severe inflammation is more dangerous than mild and moderate inflammation. The rates of
severe inflammation were in line with the development of cytological abnormality (Figure 5B). And
severe inflammation increased the risk of HISL by 756 times higher than that in control group.
Therefore, severe inflammation can be viewed as a high risk factor for cytological abnormality, even
CIN3. Severe inflammation was possibly the high risk factor of cytological abnormality, which is in
line with results from previous studies [15, 41]. As our data shown in table 4, more than half of HSIL
was CIN3 diagnosed by histopathology examination. Thus, patients with severe inflammation are more
likely to progress to CIN3. Therefore, inflammation as an alternative factor can be required to serve as
supplementary method for indication of CIN3. So emphasizing the evaluation of the inflammation
degree in TCT reports is necessary. Inflammatory conditions can lead to pre-neoplastic manifestations
in the cervical epithelium. And severe inflammation may serve as a new marker for early detection of
CIN. Women with severe inflammation should be paid more attentions to for prevention of the
cytological abnormality.

Although this study is one of the few studies focusing on inflammation associated cytological
abnormalities risk, and several other studies on the association between inflammation and CIN, which
lead to cervical cancer, revealed similar results. A case-control study in the Costa Rican natural history
study of inflammation and cervical neoplasia reported that cervical inflammation may be correlated
with high grade lesions. Moreover, it was suggested that cervical inflammation may be a cofactor for
high-grade cervical lesions in women infected with oncogenic HPV [15]. Similarly, two studies
reported that genital infections leading to chronic inflammation increased the risk of developing CIN
[42, 43]. In all these studies, it was evident that inflammation was strongly related with CIN, a
precursor lesion for development of cervical cancer. In another study, high rates of cervical cancer
existed with unusually high levels of unexplained cervical inflammation [15]. Furthermore, it was
reported that the higher degree of cervical inflammation in population were ecologically associated
with higher incidence of cervical neoplasia including CIN [15]. And in other cancers, chronic
inflammation exposes the tissue to constant genotoxic damages. In cervical cancer, chronic
inflammation promotes the initial changes in CIN caused by hrHPV and contributes to viral persistence
and disease progression [44].

Furthermore, extensive studies have demonstrated that inflammation of cervical mucosa
predisposes the epithelium to carcinogenesis. They mainly focused on the immune inhibited,
co-infection, persistent infection and tumorigenesis [45-52]. However, the fundamental mechanisms of
inflammation promoting the cervical carcinogenesis are still unclear. Our results also indicate that the

inflammation may serve an important role in carcinogenesis. Inflammation is a nonspecific biological
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response of vascular tissue caused by exogenous factors, like pathogenic microbial infection [53]. It
can activate healing process and eliminate the injurious stimuli, which is considered as a mechanism of
innate immunity [54]. Inflammation caused by genital infection can produce nonspecific protective
antimicrobial oxidants which can also contribute to oxidative damage to host DNA, resulting in cancer
[55].Inflammation related factors, like IL6, is an important factor promoting the progression of the
disease and the development of tumors [56]. Many studies supported that inflammation is possibly a
risk factor for carcinogenesis [15].Our study clearly showed a positive relationship between
inflammation and HSIL, and 56.2% of HISL patients had CIN3. Furthermore, serve inflammation can
increase HSIL by 756 times. Therefore, we suggest that TCT reports should show the degree of the
inflammation, because it is an important factor for the progression of cervical cancer.

4. Materials and Methods
4.1. Subject Recruitment

Participants of the study were recruited from women with history of sexual life visiting the
Obstetrics-Gynecology clinics of the SYSU Affiliated Hospitals between January 2008 and May
2012.We obtained the written informed consents from all participants after careful face-to-face
explanation of the purpose and implications of our findings. The study was registered under the number
(#350) and approved by the Institutional Review Board in Sun Yat-Sen Memorial Hospital. (Fig. 1).
All participating women were informed and asked to complete a consent form before the study started,
and similar explanation was conducted again and approved by the participants before the experienced
gynecologist collected the Pap smear with TCT for each participant.

Total patients:
N=48101

ThinPrep Cytology Test (TCT)

Satisfactory sample Unsatisfactory sample
nl=46255 n2=1846
g d
TBS positive TBS negative (NILM) c lysi
n3=5380 (Z-asc=4102, AcC=1248, CC=30) n4=40875 ause anatysis
1 N \
HPV testing & Follow up Repeat TCT
Colpascopy and bioposy

-

CIN

Non
CIN

Figure 1. Flow chart of the patient recruitment.

TCT=ThinPrep Cytology Test; ASC=Atypical squamous cells; AGC=Atypical glandular cells of
undetermined significance; CC=cervical cancer; NILM=Negative results are negative for Intraepithelial
lesion or malignancy; CIN=cervical intraepithelial neoplasia.
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4.2 ThinPrep Cytology Test (TCT) and diagnostic criteria

We used TCT as the cervical cytology method. And we followed the thin layers of liquid cell
technology application principle: a) prepared the special plastic scraper and neck pipe brush; b)
gathered exfoliated cells at the site of cervical squamous-columnar junction; c) preserved the cells
collected in a special bottle with cell preserving fluid; d) detached the blood cells and mucus cells; €)
kept the epithelial cells and inflammatory cells; f) turned them into thin layer after filtering; g)
inspected microscope slides.

4.2.1 Preparation of ThinPrep slides

Collected cervical exfoliatedcells of the 48101 women were stored in liquid preservative to
prepare ThinPrep slides and stained by Pap staining. The samples were transferred to tubes and then we
added 4mL stratified fluid (CytoRichDeagent Reagent) into each tube. Tubes containing samples were
centrifuged with 1080r/min for 2min. After that, the supernatant was removed, and samples were
centrifuged with 2010r/min for 10min, followed by quickly discarding supernatant. Each tube was
dried carefully by using paper to absorb water and then tubes were swirled for 15 + 5s. Finally all tubes
were placed on the AutoCyte PREP for staining.

4.2.2 Observers

Those who read ThinPrep Pap slides were pathologists of the SYSU affiliated hospitals. All of
them had above 3 years working experience in reading cervical ThinPrep Pap slides by then.

4.2.3 TCT samples satisfactory standard

An adequate liquid-based preparation (LBP) from a woman should have an estimated minimum of
at least 5,000 well-visualized/well-preserved cervical squamousor squamous metaplastic cells. This
range applies only to squamous cells. Endocervical cells and completely obscured cells should be
excluded from the estimate. A satisfaction scale was used to classify all slides into three levels:
satisfied, general and unsatisfied; depending on their quantitation of epithelial cells, glandular epithelial
cells, and neutrophile granulocytes.

4.2.4 Cytological diagnostic criteria

All samples were stained using standard Pap stain, screened by a cytotechnologist and reported by
a cytopathologist based on TBS (the Bethesda system) 2014 criteria. They are : Negative results are
negative for Intraepithelial lesion or malignancy (NILM); Positive results are atypical squamous cells
of undetermined significance (ASC-US), atypical glandular cells of undetermined significance (AGC),
atypical squamous cells-cannot exclude HSIL (ASC-H), low-grade squamous intraepithelial lesions
(LSIL), high-grade squamous intraepithelial lesions (HSIL), and squamous cell and glandular cell
carcinoma (CC). And the epithelial cells include squamous cells and glandular cells. TCT results in
ASC-US below (including the normal and inflammatory cells) are defined as the cytology-negative;
ASC-US and above (=ASC, including the squamous cell abnormalities which are ASC-US, ASC-H,
LSIL, HSIL, SCC, and glandular cell abnormalities which are AGC, and GCC) are defined as the
cytology-positive. In our study, we analyzed the squamous cell abnormalities (ASC, LSIL and HSIL).
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Figure2. TCT slides with Pap staining under microscope. A. Atypical squamous cells of undetermined
significance (ASC-US); B. Atypical glandular cells of undetermined significance (AGC); C. Atypical squamous
cells-cannot exclude HSIL (ASC-H); ASC referred as ASC-US+ASC-H; D. Low-grade squamous intraepithelial

lesions (LSIL); E. High-grade squamous intraepithelial lesions (HSIL); F. Squamous cell carcinoma (CC).
4.3 Evaluation of Cervical Inflammation

Cervical inflammation degree depended on the number of neutrophils observed in microscope
fields on ThinPrep slides from each study subject. Inflammation degree was classified into three levels:
low  (5-15neutrophils/field),  moderated  (16-30  neutrophils/field) and  severe  (>30
neutrophils/field)(Figure 3) .
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Figure 3. Proportions of control and TCT positive samples with different inflammation degrees. A. no

inflammation in TCT samples; B. mild inflammation in TCT samples; C. moderate inflammation in TCT samples;

D. severe inflammation in TCT samples.
4.4 Histopathological examination.

Patients with positive TCT were arranged for colposcopy biopsy and histopathological
examination. After the cervix was assessed with 5% acetic acid application, each distinct area of
aceto-white cervical epithelium in the transformation zone was sampled as a lesion-directed biopsy
using sharp biopsy forceps. Biopsy would be performed at 4 points (3, 6, 9, and 12 o 'clock) for the
normal-appearing cervical epithelium. A single random biopsy in any quadrant of the cervix was added
if fewer than four lesion-directed biopsies were taken. Cervical specimens were placed into separate
labeled containers with 10% buffered formalin. Each biopsy was ranked by the severity of colposcopic
impression at the time of examination, stained with hematoxylin and eosin, and double-blind diagnosis
was performed by two experienced and trained associate directors of pathology and doctors with
professional titles.

CIN pathological diagnostic criteria are as following: A) for CIN1: pleomorphic cells involved
subsquamous 1/3 of epithelium or less, and most of them are less pleomorphic. Sometimes the
cytopathologic changes of HPV infection were observed; B) for CIN2: the heteromorphic cells are
involved in the 1/2 or 2/3 of the subsquamous epithelium. A few heteromorphic cells diffuse into the
squamous cell line. The epithelium is still well-differentiated, although about a third of the cells are
supraecal; C) for CIN3/carcinoma in situ: the upper or entire layer of the squamous epithelium is
replaced by heterotropic cells, but the epithelial basement membrane remains clear and intact. When

the entire layer is filled with pleomorphic malignant cells, it is classified as carcinoma in situ.
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Figure 4 HE staining for (A) CIN1, (B) CIN2, and (C) CIN3.bar=100pum.

4.5 Statistical Analysis

The statistical software SPSS 19.0 was used to compare cervical pathogenic microbial and
cervical inflammation in cytology positive groups and control. The chi-square test was used for
statistical analysis with the significance level set at less than 0.05.The odds ratio (OR), 95% confidence
intervals (95%CI) and p-values from logistic regression were reported as a measure of association. All
reported p-values were 2-sided with a significance level of 0.05.

5. Conclusions

In conclusion, TCT, which is widely used in clinical practice, is an effective screening tool for
cervical cancer with high diagnostic sensitivity. Our investigation indicated that 72.28% of TCT
positive women had cervical intraepithelial neoplasia (CIN1, CIN2 and CIN3). Our study also showed
a clear distribution of CIN1, CIN2 and CIN3 in line with cytological abnormality (ASC, ISIL, and
HSIL) based on a huge number of samples. These results highlighted the relationship between
cytological abnormality and CIN, helping doctors find out high risk patients of CIN3 by TCT with
HSIL and severe inflammation.

Severe inflammation increased the risk of HISL by 756 times, much higher than that in control
group. Therefore, severe inflammation can be viewed as a high risk factor for HSIL, even CIN3. So
evaluation of the inflammation degree in TCT reports is necessary. It is possible that severe
inflammation may serve as a new marker for early detection of CIN3 by TCT. According to our study,
doctors can capture more information and clues from a TCT report, if it shows both cytological
information and inflammatory information in the report.
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