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Abstract: cervical cancer is a tumor resulting from infection with high-risk human papillomavirus
and develops from precursors within the epithelium, which are now referred to as squamous
intraepithelial lesions or cervical intraepithelial neoplasias (SIL/CIN). CIN is categorized into CINI,
CIN2, and CIN3 depending on the degree of epithelial involvement. The treatment of patients with pre-
invasive cervical lesions relies on the determined histological classification. The primary objective of
this study was to thoroughly assess the relevance of immunohistochemical staining for the biomarkers
pl6 and Ki67 in the evaluation of cervical squamous intraepithelial lesions (SIL). This research aimed
to elucidate the relationship between the levels of expression of these biomarkers and the various
stages of cervical intraepithelial neoplasia (CIN). By analyzing the correlation between p16 and Ki67
expression and the severity of CIN lesions, the study seeks to enhance the understanding of these
immunohistochemical markers’ diagnostic and prognostic value in clinical practices for managing
HPV-related cervical pathology. Materials and methods. We analyzed cases of women with suspected
cervical neoplasia during cytology investigation. H&E-stained and IHC slides of all biopsy samples
were reviewed and classified according to the criteria outlined by the LAST project. All histological
samples were processed according to routine procedures. Results. We found, that pl16 expression is
divided into three groups: negative, strong and diffuse block-positive, and focal or patchy positive
reaction. In cases histologically classified as CINI, p16 showed inconsistent positivity with a moderate
intensity. The glandular epithelium displayed clear signs of atypia, and pl6 revealed inconsistent
moderate positivity. Ki-67 was expressed in cells nuclear in the basal and parabasal layers of the
squamous epithelium in all CIN stages. The results showed significant pl6 and Ki67 expression
differences among different groups of CIN. The expression levels of P16 and Ki-67 showed a positive
correlation with the severity of cervical lesions and are very helpful for distinguishing CINI from
CIN2 and CIN3. Conclusions. The expression levels indicating a consistent increase in expression
that reflects the progression. Utilizing both P16 and Ki-67 can help identify patients at a higher risk
for Squamous Cell Carcinoma (SCC). The applications of p16 and Ki-67 have proven to be important
supplementary tools in evaluating the actual characteristics of these lesions. The staining results of
pl6 and Ki-67 across various histological grades of cervical lesions underscore their usefulness in
validating histological diagnoses.

Keywords. Cervix Neoplasms; Immunohistochemistry; Ki-67 Antigen; Cancer of the Uterine
Cervix; Squamous Cell; p16 Protein.
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Introduction

Cervical cancer is the fourth most common
cause of cancer-related deaths among women [1].
Current clinical data reveal that the occurrence
of cervical cancer among younger women is
steadily rising each year. Approximately 99.7%
of cervical cancer cases are linked to Human
Papilloma Virus (HPV), especially high-risk
HPV (HR-HPV) [2]. Today’s cervical cancer
prevention involves detecting high-risk HPV
genotypes and precancerous lesions, followed
by management that can include monitoring,
repeat screenings, colposcopy, and possible
treatment [3]. Like many types of cancer, it
begins as a clearly recognizable and manageable
pre-malignant state, which is influenced by a
significant known factor called persistent high-
risk human papillomavirus (hrHPV) infection,
allowing for prevention [4].

Cervical squamous intraepithelial lesions
(CSIL) indicate a progression from normal
cervical tissue to squamous carcinoma (SCC).
About 80% of low-grade lesions (LSIL-CINI)
resolve on their own within one to two years.
High-grade lesions (HSIL-CIN2-3) require
biopsy and removal to prevent progression, while
LSIL/CIN1 management focuses on supportive
care and monitoring, as 10% to 15% may progress
to HSIL or CIN2-3 [5].

According to the LAST Project’s 2012
classification, Cervical SIL is divided into low-
grade (LSIL) and high-grade (HSIL) squamous
intraepithelial lesions. LSIL corresponds to
CIN1, indicating a non-carcinogenic HPV
infection that often resolves on its own. HSIL,
equivalent to CIN2/3, is a precancerous lesion
that typically requires surgical intervention
to prevent progression to cervical cancer. The
standard practice is to treat CIN3 and most CIN2
lesions through macrocyclic or conical resection
of the cervical transformation zone. Spontaneous
regression occurs in approximately 40-50%
of CIN2 and about 30% of CIN3 lesions [5,6].
As a result, removing all high-grade cervical
lesions (CIN2/3) might result in overtreatment.
Clinically, conditions like cervicitis or CINI,
identified through a colposcopy biopsy, have
the potential to advance to cervical cancer
quickly without first transitioning through
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CIN2 and CIN3 stages. In such cases, cervical
cancer could arise during standard follow-up
[7]. Creating a detection technique to quickly
and accurately distinguish between LSIL and
HSIL is essential for effective patient treatment.
Immunohistochemistry assesses biochemical
changes in tissues, supporting diagnoses and
providing insights into disease progression and
treatment outcomes [8].

P16, a protein that acts as a tumor suppressor,
prevents the activation of CPK and oversees cell
cycleandproliferationthroughthephosphorylation
of PRB. The immunohistochemical presence
of pl6 might reduce PRB activity as part of a
negative feedback mechanism[5]. Persistent HPV
infection causes overexpression of P16, which is
important for cervical cancer screening but may
not be sufficient for diagnosis alone. Ki-67, a
nuclear antigen indicating cell proliferation, is
rarely co-expressed with P16 in normal tissues
[3]. The assessment of dual expression is essential
for evaluating the risk of cervical cancer, as the
occurrence of these markers is mutually exclusive
in healthy cervical cells [9].

Aim

We carried out this research to investigate
the utility of the immunohistochemical staining
for pl6INK4a and Ki-67 in the pathological
assessment of cervical tissue samples from the
cervix uteri and represent the correlation between
reaction expressiveness and stages of CIN.

Materials and methods

We analyzed 30 cases from the pathology
department of the clinical laboratory and divided
them into 3 groups (CIN1, CIN2 and CIN3). The
study included womenunder 50, who cytologically
had LSIL (CIN1) and HSIL (CIN2/3) according
to the Bethesda system for reporting cervical
cytology. Patients had no previous treatment.
Tissue samples were collected by colposcopic
(punch) biopsy, cone biopsy, and endocervical
curettage (ECC). All histological samples were
processed according to routine procedures. All
slides were investigated by four pathologists.
Nuclear staining with P16 was evaluated according
to four parameters: intensity, extent, continuity,
and location, following the LAST criteria. Lesion
extent was classified as diffuse (more than 50% of
the epithelium) or focal (less than 50%). Location
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was determined by the presence of positive
cells in the lower one-third, two-thirds, or full
thickness of the epithelium for Ki-67. Lesions
were categorized as strong and diffuse block-
positive, negative, or focal/patchy positive for
pl6. Strong and diffuse block-positive lesions met
LAST criteria, showing strong immunoreactivity
from the basal layers, involving over one-third
of the epithelium with continuous involvement.
Negative immunostaining was defined by a lack
of staining or weak, focal, and/or discontinuous
staining. Nuclear staining by Ki-67 was deemed
positive.

Results

Each of the three groups into which the cases
were divided contained 10 cases of CIN1, CIN2
and CIN3, respectively. The average age for the
CIN1 group was 32.7+ 9.2 years, CIN2-36.1+ 6.7
and CIN3-40.1+ 6.4. The women had no history
of pregnancy, previous invasive interventions
or cancer. CIN1 group: 30%, 50%, and 20%
showed strong and diffuse block-positive, focal
or patchy positive, and negative expression for
pl6, respectively. Ki-67 expression in 1/3, 2/3
and 3/3 epithelium thickness were 70%, 20%
and 10% positive nuclear reaction, respectively.
CIN2 group: 80%, 20%, and 0% showed strong
and diffuse block-positive focal, patchy positive,
and negative expression for pl6, respectively.
Ki-67 expression in 1/3, 2/3 and 3/3 epithelium
thickness were 50%, 40% and 10% positive
nuclear reaction. CIN3 group: 90%, 10%, and
0% showed strong and diffuse block-positive,
focal or patchy positive, and negative expression
for p16, respectively. Ki-67 expression in 1/3, 2/3
and 3/3 epithelium thickness were 10%, 0% and
90% positive nuclear reaction (Figure 1).

Discussion

Globally, cervical cancer is the fourth most
common type of cancer in women, trailing
behind breast, colorectal, and lung cancers, with
600,000 new diagnoses and 340,000 fatalities
annually [5].

In the current research, 56,6% of HSIL
(CIN2/3) cases exhibited positive block pl6
expression and 10% focal or patchy pl6
expression, while 0% exhibited negative pl6
expression. Expression of Ki-67 was observed
in 100%, in 30% of HSIL (CIN2/3) cases the
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reaction was considered in 1/3 of epithelium,
20% of cases had expression in 2/3 of epithelium
thickness and 50% in cases with reaction in 3/3
of thickness. These results were comparable to
those of Mehdi, Hajra K. et al, 2023 [2].

The study by Catalan-Castorena, O. et
al. (2024) indicates a relationship between
neoplasia development and HPV infection in
various locations, particularly HPV types that
increase the possibility of developing squamous
intraepithelial lesions (SIL) [10].

Nicolas Wentzensen et al. cross-sectional
study indicates that there is 100% sensitivity
for CIN3 in older women with lesions linked
to HPV16, which implies that the colposcopic
assessment for pl16/Ki-67-negative women can
be postponed without risk [11]. Rama Kumari
et al. found that P16 IHC is 100% sensitive,
85.71% specific and 95.59% accurate and Ki-67
IHC is 96.49% sensitive, 92.31% specific and
95.71% accurate in predicting positive results
among cervical lesions. The agreement of P-16
HIC, Ki-67 and histopathological diagnosis is
significant (P-value<0.00001) [12]. According
to a study by Maryam Sadat Hosseini, Maryam
Talayeh et al. (2023) the specificity and sensitivity
of plé are 100% and 58.73% respectively.
The specificity and sensitivity of Ki-67 (Full
thickness) are 100% and 60.32% respectively [6].

In clinical settings, p16 immunohistochemical
staining helps differentiate between similar
cervical lesions (CIN1 or CIN2), but previous
research shows interpretation issues in certain
cases. This highlights the need for new immune
markers or diagnostic methods. Some studies
indicate no significant differences in CIN grade
distribution (p = 0.765), with similar abnormal
group percentages across CIN1-3. Patients with
diffuse, elevated pl6INK4A and Ki67 levels
faced a higher recurrence rate (p = 0.024) and
a greater likelihood of progression to invasive
cancer (p = 0.016) [15].

This study presents several limitations worth
noting. Primarily, the relatively small sample
size may undermine the external validity of the
findings, potentially limiting their applicability
to broader populations. Immunohistochemistry
of pl6/Ki-67 system is based on the subjective
assessment of distribution of IHC staining

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)

http://mmj.nmuofficial.com

21


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#

UKkrainian Scientific Medical Youth Journal

Issue 1 (152), 2025

Creative Commons «Attribution» 4.0

ISSN 2786-6661
eISSN 2786-667X

Figure 1. Expression of Ki-67 and p16 proteins in LSIL, HSIL.
(a—c) LSIL/CINI lesion: (a) p16 stain; (b) Ki-67 stain; (¢) Hematoxylin and eosin (H&E) stain.
(d—f) HSIL/CIN2 lesion: (d) p16 stain; (e) Ki-67 stain;
(f) Hematoxylin and eosin (H&E) stain. (g—i) HSIL/CIN3 lesion: (g) p16 stain; (h) Ki-67 stain;
(i) Hematoxylin and eosin (H&E) stain

in CIN. The results of our study are similar to
those of our colleagues with a larger number of
patients, but there is no guarantee that the sample
was representative. The absence of follow-up
cases restricts the capacity to evaluate long-
term outcomes. Long-term follow-up of patients
could allow for more specific confirmation of

the medical diagnosis, taking into account the
further course of the neoplastic process—an
example of a case of CIN3 progression to SCC.
The cross-sectional design employed means
that data collection occurred at a singular time
point, thus precluding any longitudinal analysis.
Additionally, the investigation was limited to only
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two biomarkers, which may constrain the breadth Using Ki-67 alongside pl6 is crucial for
and depth of the findings. Utilizing additional  distinguishing dysplastic from non-dysplastic
markers could have enhanced the prediction of lesions, guiding clinical strategies on monitoring,
other cervical cancer parameters. surgical intervention, or further evaluations.

In the current study, the expression levels of  This approach aims to enhance patient outcomes
both markers displayed a statistically significant by preventing overtreatment in low-risk cases.
positive correlation from CIN1 to CIN3, indicating ~ Overall, integrating p16 and Ki-67 into clinical
a consistent increase in expression that reflects protocols refines diagnosis and optimizes patient
the progression from normal cells to high-grade = management, leading to better health outcomes
squamous intraepithelial lesions (CIN2/3), for those with cervical lesions.

culminating in cancer cells marked by an enhanced Financing
expression of the pl6 marker (which represents This study did not receive external funding.
the integration of HPV viral genes with host Conflict of interests
genes, resulting in immortalized cells), along with No conflict of interests.
a gradual rise in the expression of Ki-67 protein. Consent to publication
Conclusions All authors have got consent to publication of
In summary, histopathology remains the this article.
primary method for diagnosing cervical lesions, ORCID ID and authors contribution
but pl6 and Ki-67 are valuable supplementary 0009-0002-4054-8057 (A,B,C,D,E,F) Kolo-
tools that help assess these lesions’ characteristics.  tusha Valeriia
A positive pl6 stain in low-grade dysplastic 0000-0002-1911-7984 (A,B,C,D,E,F) Khope-
lesions may suggest a risk of aggressive behavior  riya Viktoriia
and progression, while Ki-67 levels indicate the A — Research concept and design, B — Data

growth dynamics of these lesions. Elevated Ki-67  collection and analysis, C — Responsibility for
suggests an active disease process, influencing  statistical analysis, D — Writing the article, E —
treatment decisions and follow-up urgency. Critical review, F — Final approval of the article

REFERENCES

1. Voidazan ST, Dianzani C, Husariu MA, Geréd B, Turdean SG, Uzun CC, et al. The Role of p16/Ki-67 Immunostaining,
hTERC Amplification and Fibronectin in Predicting Cervical Cancer Progression: A Systematic Review. Biology (Basel).
2022 Jun 23;11(7):956. doi: 10.3390/biology11070956.

2. Mehdi HK, Khan S, Siddiqui SA, Maheshwari V, Alam K, Akhtar K. Association of pl6, Ki-67, and CD44
expression in high-grade squamous intraepithelial neoplasia and squamous cell carcinoma of the cervix. J Cancer Res
Ther. 2023;19(Suppl 1):36-41. doi:10.4103/jcrt.jert_1234 22.

3. Ouh YT, Kim HY, Yi KW, Lee NW, Kim HJ, Min KJ. Enhancing cervical cancer screening: review of p16/Ki-67
dual staining as a promising triage strategy. Diagnostics (Basel). 2024;14(4):451. doi:10.3390/diagnostics14040451.

4. Okoturo E, Rabiu K. Meta-analysis on the Diagnostic Performance of p16/Ki-67 Dual Immunostaining for Cervical
Cancer Screening. Asian Pac J Cancer Biol. 2023;8(1):91-99. do0i:10.31557/apjcb.2023.8.1.91-99.

5. Ayatollahi H, Ghaffarzadegan K, Ghaffarzadegan R, Ghaffarzadegan N. Investigation of the P16 and Ki67 Predictive
Effect on the Progression of Cervical Intraepithelial Neoplasia Grade 1 in Shahid Motahari Hospital of Urmia, Iran. J
Obstet Gynecol Cancer Res. 2022;7(3):206-10. doi:10.30699/jogcr.7.3.206.

6. Hosseini MS, Talayeh M, Afshar Moghaddam N, Arab M, Farzaneh F, Ashrafganjoei T. Comparison of Ki67 index
and P16 expression in different grades of cervical squamous intraepithelial lesions. Caspian J Intern Med. 2023;14(1):69-
75. doi:10.22088/cjim.14.1.69.

7. Luo H, Lian Y, Tao H, Zhao Y, Wang Z, Zhou J, et al. Relationship between p16/ki67 immunoscores and PAX1/
ZNF582 methylation status in precancerous and cancerous cervical lesions in high-risk HPV-positive women. BMC
Cancer. 2024 Sep 20;24(1):1171. doi: 10.1186/s12885-024-12920-4.

8. Singh P, Garg K, Singh A, Tripathi S. Expression of Ki-67 in premalignant and malignant lesion of cervix in tertiary
care hospital in Uttar Pradesh. Int J Res Med Sci. 2023;11(5):1575-1581. doi:10.18203/2320-6012.ijrms20231318.

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)
http://mmj.nmuofficial.com

23


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
https://orcid.org/0009-0002-4054-8057
https://orcid.org/0000-0002-1911-7984

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 1 (152), 2025 eISSN 2786-667X

Creative Commons «Attribution» 4.0

9. Acosta Bedon A, Delgado-Lopez D, Ochoa-Avilés C, Rivas-Parraga R, Vega Crespo B, Verhoeven V, et al. p16/
Ki-67 dual staining as a predictive value for cervical cancer compared to other conventional triage tools: a descriptive
literature review. Eur J Gynaecol Oncol. 2024;45(4):1-15. doi: 10.22514/ejg0.2024.062.

10. Sukumar S, Arora A, Singh M, et al. Investigating the role of tumor microenvironment in modulating immune
checkpoint inhibitors for cancer therapy. J Cancer Res Ther. 2024;20(1):8-15. doi:10.4103/jert.JCRT 239 23.

11. Wentzensen N, Schwartz L, Zuna RE, Smith K, Mathews C, Gold MA, et al. Performance of pl16/Ki-67
immunostaining to detect cervical cancer precursors in a colposcopy referral population. Clin Cancer Res. 2012
Aug 1;18(15):4154-62. doi: 10.1158/1078-0432.CCR-12-0270.

12. Kumari R, Joshee R, Repaswal A, Anita, Bhageerath, Chaudhary KS. Role of P16INk4a and Ki-67 immunostaining
as specific biomarkers of cervical intraepithelial lesions among cervical biopsy samples: A diagnostic study. Int J Pharm
Clin Res. 2023;15(6):1335-42.

13. LiuJ, Su S, Liu Y. The value of Ki67 for the diagnosis of LSIL and the problems of p16 in the diagnosis of HSIL.
Sci Rep. 2022;12(1):7613. doi:10.1038/541598-022-11584-z.

14. Qiu S, Wang Q, Jiang H, Feng L. Immunohistochemistry staining of Eagl and p16/Ki-67 can help improve the
management of patients with cervical intraepithelial neoplasia after cold knife conization. Diagn Pathol. 2024;19(1):97.
doi:10.1186/s13000-024-01523-z.

15. Minareci Y, AK N, Bayram A, Tosun OA, Murdan R, Onder S, et al. Prognostic Value of pl16INK4A and Ki67
Co-expression in Patients with Vaginal Intraepithelial Neoplasia. Indian J Gynecol Oncol. 2024;22(2):45. doi: 10.1007/
$40944-024-00810-3.

Hixxix 1o Bu3znayenns P16 ta Ki-67 y cragiroBanHi
HepBiKaJbHOI iHTpaenmiTe iajabHOI Heomiasii

Konoryma Banepisl, Xonepist BikTopin2
1 crynentka, KuiBchkuil HanioHansHu# yHiBepcuteT iMeHi Tapaca IlleBuenka, Kuis, Ykpaina

2 npodecop kadenpu «TexHODOrT MEAUUHOT IIArHOCTUKY Ta JIKyBaHHA», JOKTOP MEIUYHUX
HayK, KuiBchkuil HalioHanbHUM yHiBepcuteT iMeHi Tapaca llleBuenka, Kuis, Ykpaina

Address for correspondence:
Kolotusha Valeriia

E-mail: kolotusha380@gmail.com
+380990433582

Anomauin: pax wutikyu Mamxu - ye nyxauHda, o UHUKAE BHACTIOOK IHpIKY8aAHHS 8ipYCcOM NANiioMU
JIIOOUHU BUCOKO20 PUUKY | PO3BUBAEMbCS 3 NONEPEeOHUKIE 8 enimelii, AKI 3apa3 Ha3uearoms NIOCKUMU
BHYMPIWHbOENIMENIANbHUMU — YPAJICEHHAMU — A00  YepBIKANIbHUMU — GHYMPIUHbOENiMeniabHUMU
neonnaziasmu (SIL/CIN). 3anesxcno 6i0 cmynens ypaxcenns enimenito CIN noodinsiomv na CINI,
CIN2 i CIN3. JlixysanHs nayicHmox 3 Npein8a3usHUMU YPANCEHHAMU WUUKU MAMKU 3A1eHCUMb 610
8U3Haueroi cicmonoeiunoi kaacugixayii. OCHOBHOIO Memo Yb0o20 O00CHIONCeHHS Oyna pemenvHa
OYIHKA peNeGaHmMHOCMI IMYHOCICMOXIMIYHO20 3a0apenenHs Ha Oiomapkepu pl6 i Ki67 6 oyinyi
NIOCKOKAIMUHHUX IHMpaenimenianpoHux ypasceHv wuiku mamxu (SIL). Memoro ybo2eo 0ocriocenHs
0y10 3’acysamu 63AEMO038 130K MIdIC DIBHAMU eKcnpecii yux Oiomapkepie ma pisHUMU CMAOIAMU
yepsikanvHoi inmpaenimenianvroi neonnasii (I{IH). Ananizyrouu xopenayiio migic excnpecicto plo i
Ki67 ma cmynenem masxcxocmi ypascernnsi CIN, 0ocniodcenusn cnpsamosane Ha No2nubienHst pO3YMIHHS
0Ia2HOCMUYHOT Ma NPOSHOCMUYHOL YIHHOCE YUX IMYHOLICMOXIMIYHUX MApKepi8 V KATHIYHIU npaKmuyi
npu AiKy8aHHi namonoaii wutiku mamxu, nos’szanoi 3 BIIJ/I. Mu npoananizysanu unaoku iHciHox 3
ni0o3por0 HA YepBiKalbHY HEONIA3i0 NpUu YUMon02iuHomMy 00CHioxcenHi. 3abapeieri 3a 00NnoMo200
H&E ma II'X masku ecix bionmamis Oynu nepe2isaHymi ma Kiacu@ikosami 6ionosiono 0o Kpumepiis,
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suxnaoenux y npoekmi LAST. Bci cicmonoeiuni spazku 6yau o6pobneni 8i0nosioHo 00 PYMUHHUX
npoyeodyp. Pesynomamu nokazanu 3nayni éiominnocmi 6 excnpecii P16 i Ki67 midc pisnumu epynamu
CIN. Pieni excnpecii P16 i Ki-67 nokazanu no3umusHy Kopeusayito 3 MANCKICMIO VPANCEHH WUUKU
mamxu i € oyace kopucHumu 01 pospizwenuss CIN1 6io CIN2 i CIN3. Omorce, pisHi excnpecii 6xazyiono
Ha nocnioosHe 30iNbUIeHHs eKcnpecii, wo 8i0obpadicae npozpecysanus. Buxkopucmanus ax P16, mak
i Ki-67 moorce 0onomoemu 8usi8UMuU NAYiEHMIE 3 NIOBULEHUM PUSUKOM PO3BUMKY NJLOCKOKIIMUHHO2O
paxy (IIKJI). 3acmocysanna pl6 i Ki-67 eussunocs eaxciugum 000AMKOBUM THCMPYMEHMOM 6
OYIHYI hakmuuHux xapaxmepucmuk yux ypaxceuo. Pezynomamu ¢apbysanns pl6 i Ki-67 6 piznux
2ICMONOTYHUX KIACAX YPAICEHb WULKU MAMKU NIOKPECIOI0Mb IX KOPUCHICMb 01 NIOMEEPON’CEHHS
2ICMOoN02IYHUX OiA2HO3I8.

Kro4oBi cj10Ba: HOBOYTBOPEHHS IIMWKK MaTKH, IMyHOTicTOXiMisl, anTureH Ki-67, 610k pl6, pak
IIUAKA MATKH, IIJI0CKOKIITUHHHUH THII.
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