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Abstract

This study aimed to analyze immunohistochemical staining and pathological data in cervical intraepithelial neoplasia (CIN)
and squamous cell cervical carcinoma (SCC) with abnormal colposcopic findings. A histopathological evaluation of 45 low-
grade squamous lesions (LSILs), 177 high-grade squamous lesions (HSILs) and 16 SCC biopsy materials from existing slides
was obtained from blocks obtained from the archive. In addition, SOX-2 immunohistochemical staining was evaluated. The
mean age of the HSIL group was 43.20+8.97 years, younger than the mean age of the LSIL group of 51.62 +9.64 years
(»=0.000). There was no difference between the groups regarding the method of biopsy (p >0.05). Endocervical gland
involvement was not observed in the LSIL group, but was observed in 66 (37.3%) biopsy materials in the HSIL group
(»=0.000). There was a difference between the groups in terms of the level of CIN at the surgical margin (p =0.000). Ki-67,
SOX-2 staining percentage and pl16INK4a positivity were higher in the HSIL group than in the LSIL group (respectively,
67.57+19.10 vs. 14.62 +7.11, p=0.000; 27.72 +£31.56 vs. 10.09 £ 15.38, p=0.003; 66 (82.5%) vs. 8 (44.4%), p=0.001).
While there was no difference in SOX-2 intensity between the HSIL and LSIL groups (p > 0.05), it was statistically signifi-
cantly higher in the SCC group (p=0.000), as was the percentage of SOX-2 (p=0.000). We have shown that p16INK4a and
SOX-2 staining is useful, in addition to Ki-67 immunostaining, which is widely used for SCC, which is one of the preventable
cancer types. In addition, SOX-2 may provide a glimmer of hope in the development of SCC treatment modalities, especially
since it is aggressively elevated in SCC rather than CIN lesions.
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Introduction

Cervical cancer is usually caused by squamous cell carci-
noma, and it usually develops within decades. Although
its incidence is decreasing with screening programs, the
mortality rate in women is still high (Bray et al. 2018).
Although women may encounter human papillomavirus
(HPV) throughout their lives, it is usually eliminated by the
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immune system. Cervical intraepithelial neoplasia (CIN)
caused by HPV may progress to squamous cell carcinoma
(Kilic et al. 2020). CIN is classified as a low-grade squamous
intraepithelial lesion (LSIL; CIN I) or high-grade squamous
intraepithelial lesion (HSIL; CIN II and CIN III) according
to its potential to transform into cancer (Atigan et al. 2022).

Turkey was one of the first countries in Europe to suc-
cessfully implement a HPV screening program throughout
the country (Maver and Poljak 2020; Atigan and Eraydin
2020). Co-testing, which includes Pap smear tests and HPV-
DNA analysis, is recommended by international associations
for cervical cancer screening. It is successfully implemented
in Turkey with public participation (Kilic et al. 2020; Atigan
et al. 2022; Atigan and Eraydin 2020; Saslow et al. 2012).
The golden rule for the diagnosis of CIN following the
results of the co-test is to perform a cervical biopsy with
colposcopy (Kingnate et al. 2015). A cervical biopsy can be
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excised with cold-knife conization or the loop electrosurgi-
cal excision procedure (LEEP).

SOX [the sex-determining region on the Y chromosome
(SRY)-related high mobility group (HMG)-box] was first
identified as a testis-determining gene. However, today 20
different varieties have been detected (Pouremamali et al.
2022). The sex-determining region Y-box 2 (SOX-2) gene
is currently being studied because it may be connected to
numerous cancers (Zhang et al. 2020). The development of
various tissues and maintenance of homeostasis between
them are both governed by SOX-2, which also functions in
the determination of sexual orientation and growth, prolif-
eration and division of pluripotent cells (Pouremamali et al.
2022).

In our study, we aimed to evaluate the immunohistochem-
ical staining of SOX-2 in squamous intraepithelial lesions
(SILs). In addition, endocervical gland involvement and
endocervical and ectocervical surgical margin continuity
were evaluated. Basic histopathological features were also
analyzed.

Materials and methods

The study included patients with cervical intraepithe-
lial lesions identified from biopsies sent to the pathology
department from the colposcopy unit of a tertiary hospital
between January 2017 and January 2020. Distributions of
cervical lesions were CIN I (n=45), CIN Il (n=57), CIN
III (n=120) and squamous cell carcinoma (SCC) (n=16)
(Fig. 1a-b). A total of 238 biopsy materials were reevalu-
ated. Evaluation as high and low grade showed LSIL (n=45)
(Fig. 2a) and HSIL (n=177) (Fig. 2b).

The Non-Interventional Clinical Research Ethics
Committee of Pamukkale University Medicine Faculty
gave ethical approval for the study (decision number:
60116787-020/83871).

Colposcopic examination and abnormal findings were
evaluated as described in our recent article (Atigan et al.
2022). The pathology record provided information about
how the biopsy sample was taken and the age of the patient.
Biopsies were obtained by two methods, conization or
LEEP. Afterwards, the ready-made slides were examined.
Ki-67 (Ventana, prepkit, 30-9 clone) and hematoxylin-
eosin (H&E) staining were available for each biopsy in these
ready slides. Some biopsies also had pl6INK4a (Ventana,
prepkit, E6H4 clone) staining. The degree of the cervical
intraepithelial lesion as well as information on endocervical
and ectocervical margins was determined by reexamining
these preparations. Sections of the lesion’s 3—5-um-thick
paraffin block were made for SOX-2 immunohistochemi-
cal staining. Lysine slides were stained with SOX-2 [(SP76)
Rabbit Monoclonal Antibody Cell Marque, 1:100 dilution]
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Fig.1 a Squamous cell cervical carcinoma (SCC). Tumor islands
infiltrating the stroma are observed, H&E (x200). Scale bar = 50 pm.
b SCC, tumor cells extend into the stroma as solid islands and cords
under the surface epithelium, H&E (x 100). Scale bar = 100 pm

Fig.2 a Low-grade squamous lesions (LSIL). Atypia is observed in
the lower 1/3 of the epithelium, and koilocytosis and binucleation
findings are observed on the surface, H&E(x400). b High-grade
squamous lesions (HSIL). Full-thickness atypia in the epithelium
does not exceed the basement membrane; there is no endocervical
gland involvement, H&E (X 200). Scale bars = 25 um in a and 50 pm
inb
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on the Ventana Benchmark ULTRA™ fully automated
stainer using the ultraView Universal DAB detection kit.
In the immunohistochemical staining negative control, the
primary antibody step was omitted. Cervical lesions were
evaluated with a microscope (Nikon Eclipse €200) by at
least two researchers, including one pathologist. Tonsil tis-
sues were used in accordance with protocol as the positive
control for SOX-2 staining. SOX-2 shows nuclear staining
(Sato et al 2019). Hematoxylin-eosin (H&E) staining, some
Ki-67 and p16 staining were available for these ready slides.
Some biopsies also had staining. The degree of the cervical
intraepithelial lesion, as well as information about endocer-
vical and ectocervical margins, was determined by reexam-
ining these preparations.

Whether there was endocervical gland involvement and,
if so, its depth, was considered. In addition, both endocer-
vical and ectocervical surgical margins were evaluated
(Fig. 3a-b). Surgical margins were divided into three cat-
egories as positive, < 1 mm and negative. The lesion’s
persistence in surgical margins that were non-negative was
investigated. Distance was indicated in patients with both
negative endocervical and ectocervical surgical margins.

Statistical analysis

IBM SPSS Statistics (version 21.0, IBM, Chicago, USA)
program was used for statistical analysis. Standard descrip-
tive statistical methods were used to analyze the descrip-
tive values of quantitative continuous variables. Nor-
mal distribution of the data was examined by using the

e [a]
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Fig.3 a &: endocervical margin, p: ectocervical margin. b High-
grade squamous lesions (HSIL); arrow points to surgical margin, and
the star indicates HSIL, H&E (x 100). Scale bar = 100 um

Kolmogorov-Smirnov test. Pearson y*> and Mann-Whitney
U tests were used for comparisons between groups. p < 0.05
was accepted as significant in all statistical comparisons.

Results

Comparisons of LSIL (n=45) and HSIL (n=177) are
presented in Table 1. Mean age was statistically signifi-
cantly greater in the LSIL group than in the HSIL group
(51.62+9.64 vs. 43.20+8.97, p=0.000). While the LEEP
method was used more than conization as the biopsy
method, there was no statistically significant difference
according to the degree of cervical lesion (p=0.369). There
was no difference between the groups in terms of lesion area
(4.51+2.72 vs. 3.85+2.26, p=0.173). Endocervical gland
involvement was not observed in the LSIL group. However,
there was endocervical gland involvement at a mean depth
of 1.27 £0.69 mm in 66 (37.3%) (p =0.000) biopsies in the
HSIL group. Endocervical surgical margins were grouped
as positive, closer than 1 mm and negative. The number
of biopsies with negative endocervical surgical margins
was 14 (31.1%) in the LSIL group and 69 (39.0%) in the
HSIL group (p=0.206). The mean distance of those with
negative endocervical surgical margins in the LSIL and
HSIL groups was 3.71+1.32 vs. 3.57 + 1.76, respectively
(p=0.526). Endocervical surgical margin positivity was
persistent in 30 (66.7%) biopsies in the LSIL group as CIN
I. In addition, CIN I 17 (9.6%), CIN 11 25 (14.1%) and CIN
M1 66 (37.3%) were persistent in the HSIL group (p =0.000).
The number of biopsies with negative ectocervical surgical
margins was 14 (31.1%) in the LSIL group and 83 (46.9%)
in the HSIL group (p=0.163). The mean distance of those
with negative ectocervical surgical margins in the LSIL and
HSIL groups was 4.72+1.75 vs. 4.85 +2.78, respectively
(»=0.559). Ectocervical surgical margin positivity was per-
sistent in 31 (68.9%) biopsies in the LSIL group as CIN L. In
addition, CIN I 34 (19.2%), CIN 11 30 (16.9%) and CIN III
30 (16.9%) were persistent in the HSIL group (p =0.000).
The percentage of Ki-67 immunostaining was statistically
significantly lower in the LSIL group than in the HSIL group
(14.62+7.11 vs. 67.57+19.10, p=0.000) (Fig. 4a-b).
pl6INK4a staining was not applied to all biopsies. While
8 (44.4%) biopsies were positive in the LSIL group, 66
(82.5%) biopsies in the HSIL group showed positive stain-
ing (p=0.001). The percentage of SOX-2 immunostaining
was 10.09+15.38 in the LSIL group and 27.72+31.56 in
the HSIL group (p =0.003) (Fig. 5a-b). There was no dif-
ference between the groups in terms of SOX-2 intensity
(0.96 +£1.18 vs. 1.25+1.21, p=0.126). The percentage
and severity of SOX-2 immunostaining were statistically
significantly higher in the SCC group (p =0.000 for both)
(Figs. 5C, 6a-b).
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Table 1 Comparison of LSIL and HSIL for all parameters

Parameters LSIL (n=45) HSIL (n=177) p value
Age, mean+ SD (min—-max) 51.62+9.64 (31-65) 43.20+8.97 (29-66) 0.000*
Biopsy method
LEEP 29 (64.4%) 101 (57.1%) 0.369
Conization 16 (35.6%) 76 (42.9%)
Lesion area mm?, mean + SD (min-max) 4.51+2.72 (1-12) 3.85+2.26 (1-12) 0.173
Endocervical gland involvement
Positive 0(0%) 66 (37.3%) 0.000*
Negative 45 (100%) 111 (62.7%)
Endocervical gland depth mm, mean + SD (min—max) - 1.274+0.69 (0.5-6.0) N/A
Endocervical surgical margin
Positive 30 (66.7%) 95 (53.7%) 0.206
< 1 mm 1(2.2%) 13 (7.3%)
Negative 14 31.1%) 69 (39.0%)
Endocervical surgical margin positive CIN
CINI 30 (66.7%) 17 (9.6%) 0.000*
CIN IT - 25 (14.1%)
CIN III - 66 (37.3%)
Distance of endocervix margin negatives, mm, mean+SD (min-max) 3.71+1.32 (2.0-7.0) (n=14) 3.57+1.76 (1.0-8.0) (69) 0.526
(n)
Ectocervical surgical margin
Positive 30 (66.7%) 91 (51.4%) 0.163
<1 mm 12.2%) 3(1.7%)
Negative 14 31.1%) 83 (46.9%)
Ectocervical surgical margin positive CIN
CINI 31 (68.9%) 34 (19.2%) 0.000*
CIN II - 30 (16.9%)
CIN III - 30 (16.9%)
Distance of ectocervical margin negatives, mm, mean +SD (min-max) 4.72+1.75 (1.1-7.0) (n=14) 4.85+2.78 (1.1-15.0) (n=83) 0.559
(n)
Ki-67 mean + SD (min—max) 14.62+7.11 (12-60) 67.57+19.10 (20-90) 0.000*
pl6INK4a
Positive 8 (44.4%) 66 (82.5%) 0.001*
Negative 10 (55.6%) 14 (17.5%)
SOX-2 percent, mean + SD (min—max) 10.09 + 15.38 (0-50) 27.72 +£31.56 (0-100) 0.003*
SOX-2 intensity, mean +SD (min—-max) 0.96+1.18 (0-3) 1.25+1.21 (0-3) 0.126

*p <0.05; statistically significant, LSIL low-grade squamous intraepithelial lesion, HSIL high-grade squamous intraepithelial lesion

Discussion

Screening recommended by the World Health Organiza-
tion (WHO) for three types of cancer, namely colorectal,
breast and cervical cancer, is also carried out in Turkey.
To reduce mortality and morbidity, cancer early diagno-
sis screening and education centers have been established
throughout the country. We believe that our study, which
was conducted on patients referred to our tertiary hospital
that provides outpatient services to 1 ¥2 million patients a
year, constitutes a quality sample pool.

@ Springer

In the current study, the mean age of the patients in the
HSIL group was younger and endocervical gland involve-
ment was more common. In addition, the lack of difference
between the lesion area and biopsy method was consistent
with our previous studies (Kilic et al. 2020; Atigan et al.
2022). In the study of Giidiicii et al. (2013), there was no dif-
ference in surgical margin positivity, but endocervical gland
involvement was higher in the HSIL group. Similar to our
study in the literature, endocervical and ectocervical surgi-
cal margin positivity was not different in the LSIL and HSIL
groups (Kilic et al. 2020; Costa et al. 2000). Previous studies
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Fig.4 a High-grade squamous intraepithelial lesion (HSIL). Ki-67
shows full-thickness staining of the epithelium, IHC (x 100). b Low-
grade squamous intraepithelial lesion (LSIL). Ki67 shows staining in
the lower third of the epithelium, IHC (X 100). Scale bars = 100 pm
inaandb

have suggested that the patient's age, biopsy method, sample
size, severity of the disease and persistence of HPV may be
factors in surgical margin positivity (Kilic et al. 2020; Costa
et al. 2000; Bae et al. 2013; Giray et al. 2020). In our current
study, there was a difference between the groups in terms of
the level of CIN that continued at the surgical margin. How-
ever, it is remarkable that the HSIL group has higher CIN III
rate at the endocervical than ectocervical surgical margin.

pl16INK4a staining was routinely used in CIN lesions
in the study of Sano et al. (1998a). p16, a tumor suppres-
sor gene that is generally decreased in malignant tumors,
is increased especially in HSIL group CINs (Sano et al.
1998b). In a review study performed on cervical precancer-
ous lesions, Ki-67 and pl16INK4a immunostains were found
to stain more aggressively as lesion severity increased (Silva
et al. 2017). Consistent with the literature in our study, both
stainings were found to be statistically significantly higher
in the HSIL group.

SOX-2, which is responsible for tumor formation and drug
resistance in cancer cells, has an important role in the cell
cycle and DNA repair (Kim et al. 2015). In addition, it has
effects on many signaling pathways in cell cycles. For this
reason, it has been shown to cause more than a dozen types
of cancer (Zhang et al. 2020; Novak et al. 2020; Yuan et al.

Fig.5 a SOX-2 showed nuclear staining in the lower third of the epi-
thelium in the LSIL area, IHC (X 40). b Nuclear staining of the epi-
thelium with SOX-2 in HSIL lesion, IHC (X 200). ¢ SOX-2 staining
in SCC, (IHC) % 200. Scale bars = 200 pm in a, 50 pm in b and ¢

2021). SOX-2 has been studied in different tumor types in vari-
ous studies and is generally associated with poor prognostic
factors as in SCC (Stewart and Crook 2018). The literature
shows that as SOX-2 expression increases, it causes resistance
to treatment and high mortality in cancer patients (Zhang et al.
2020; Kim et al. 2015; Novak et al. 2020; Grimm et al. 2020).
A study in which no relationship was found with CA125 level
in ovarian cancer showed that SOX-2 expression increased
as the stage increased (Ye et al. 2011). In a meta-analysis on
cervical cancer, SOX-2 expression was shown to be unrelated
to tumor stage. However, it has been shown to be associated
with tumor grade (Yuan et al 2021). In our study, SOX-2 was
highest in SCC. In addition, it was still higher in the HSIL
group than in the LSIL group. Our findings for SOX-2 are in
agreement with the study of Moshi et al. (2022). We believe
biopsies can be helpful in the histopathological classification
of CIN.
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Fig.6 a Percentage of

SOX-2 staining for all lesions 100,00

.(p=.0.000.). b SOX-2 stain- 90,00 +

ing intensity for all lesions

(p=0.000) 80,00 +
70,00
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0,00 -
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Conclusions

Much can be done for SCC, a preventable cancer with over
half a million cases, resulting in death for more than half of
this number as of 2018 (Bray et al. 2018). Turkey’s handling
of the challenge regarding SCC caused by HPV makes it a
premise country in Europe (Maver and Poljak 2020). The
most helpful procedure in reducing SCC after vaccination
is histopathological examination of the biopsies taken. The
benefits of new immunostains such as SOX-2 will undoubt-
edly be revealed as more studies are conducted. We think
that the importance of SOX-2 will be better understood as
immunotherapy modalities develop.
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