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ABSTRACT

Introduction: Uterine fibroids, also known as leiomyomas, are benign smooth
muscle tumors of the uterus that affect up to 75% of women during reproductive
years. Their growth is influenced by estrogen, genetic mutations such as MED12,
and local growth factors. Clinically, they present with abnormal uterine bleeding,
pelvic pressure, infertility, and adverse pregnancy outcomes. The Ki-67 antigen, a
nuclear protein expressed during active phases of the cell cycle, is widely used as
a proliferation marker. Its role in assessing tumor activity and severity in
leiomyomas remains important for diagnostic and prognostic purposes.

Aim and Objective: The study aimed to evaluate Ki-67 expression in uterine
leiomyomas and adjacent healthy myometrium and to assess its potential as a
marker for tumor activity and severity across different morphological subtypes.
Methodology: This cross-sectional study was conducted at Santosh Medical
College and Hospital, Ghaziabad, on 86 female patients aged 35—44 years with
uterine leiomyomas scheduled for hysterectomy. Patients with prior hormonal
therapy, other uterine pathologies, or previous uterine surgery were excluded.
Tissue samples of leiomyoma and adjacent myometrium were collected and
subjected to immunohistochemical staining for Ki-67. Expression was evaluated
by two blinded observers, and statistical analysis was performed using Student’s t-
test and ANOVA with p < 0.05 considered significant.

Results: The majority of participants were in the 38—40 years age group (37.2%).
Most had secondary education (38.4%) and belonged to the upper lower
socioeconomic class (33.7%). Mean Ki-67 expression was significantly higher in
leiomyomas (4.32 + 1.67) than in myometrium (1.14 + 0.61; p < 0.001). Among
subtypes, atypical leiomyomas showed the highest expression (6.12 = 2.05),
followed by cellular (5.41 + 1.83), ordinary (3.85 + 1.42), and degenerated (2.67 +
0.98). All subtypes had significantly higher expression than corresponding
myometrium (p <0.001).

Conclusion: Ki-67 expression was significantly elevated in leiomyomas compared
to myometrium, with higher levels in atypical and cellular subtypes, suggesting its
potential utility as a marker for tumor activity and severity in uterine leiomyomas.

Keywords: Uterine leiomyoma; Fibroid; Ki-67 antigen; Inmunohistochemistry;
Myometrium; Tumor activity; Morphological subtypes; Proliferation marker.
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INTRODUCTION

Uterine fibroids, or leiomyomas, are benign tumors that originate from the smooth muscle of the uterus. They are highly
prevalent, affecting up to 75% of women during reproductive years. Histologically, fibroids show abnormal proliferation
of smooth muscle cells and excess extracellular matrix, which gives them their density and structure'.

Their occurrence is closely linked with hormonal influence, particularly estrogen. Estrogen stimulates fibroid growth, while
regression is often observed after menopause when estrogen levels decline. Apart from hormones, genetic mutations (such
as in the MED12 gene) and local growth factors also contribute to their development'.

Clinically, fibroids vary in size, number, and location, which determines symptom severity. About 30% of affected women
experience abnormal uterine bleeding, most often heavy or prolonged menses®. Enlarged fibroids may cause pelvic
heaviness or pressure, leading to constipation, urinary frequency, or incontinence due to compression of adjacent organs?

Fibroids also impact reproductive health. They are associated with infertility and pregnancy complications, including
miscarriage, fetal malformations, preterm birth, and obstructed labor requiring cesarean section?®. These risks highlight
the importance of early diagnosis and management, especially in women of childbearing age.

From a biological perspective, research into cellular proliferation helps explain tumor behavior. The Ki-67 antigen, a
nuclear protein, is a key marker of cell proliferation. It is expressed in all active phases of the cell cycle (G1, S, G2, M) but
absent in resting cells, making it a reliable measure of proliferative activity.

The study aimed to assess whether Ki-67 expression correlates with clinical and demographic factors such as patient age,
tumor size, location, and symptom profile and also aimed at evaluation of KI-67 expression in uterine leiomyoma and in
healthy myometrium thereby assess the potential of KI-67 expression as a marker for tumor activity and severity in different
morphological subtypes of uterine leiomyomas.

MATERIAL AND METHODS

This cross-sectional study was conducted at Santosh Medical College and Hospital, Ghaziabad, with a sample size of 86,
calculated at a 95% confidence level, 5% margin of error, and an expected prevalence of 0.06% as reported by Rubisc. The
study included female patients aged 35 to 44 years diagnosed with uterine leiomyomas and scheduled for hysterectomy,
who provided written informed consent. Patients with a history of hormonal therapy within six months, other uterine
pathologies such as adenomyosis or endometrial hyperplasia, or prior uterine surgery affecting tissue integrity were
excluded. A consecutive sampling technique was used, where all eligible patients during the study period were approached,
and those fulfilling the criteria were included. During hysterectomy, both leiomyoma and adjacent myometrial tissues were
collected for analysis. The samples were processed for immunohistochemical staining with the Ki-67 antibody, and
evaluation was performed by two independent blinded observers.

Immunohistochemistry (IHC) was the primary method used to detect Ki-67 expression. Tissue sections were mounted on
slides, subjected to antigen retrieval, and incubated with the primary Ki-67 antibody, followed by a secondary antibody
conjugated with a chromogenic enzyme. The reaction product produced distinct nuclear staining in Ki-67 positive cells,
which was visualized under a high-resolution microscope. Digital imaging analysis systems were used to quantify the
staining, ensuring accuracy and reproducibility.

The study procedure involved immediate fixation of the excised tissues in formalin, embedding them in paraffin blocks,
sectioning, and staining for Ki-67. Data on Ki-67 expression were collected by quantifying the percentage of positively
stained nuclei in multiple high-power fields of leiomyoma and myometrial tissues. Alongside histological evaluation,
clinical data such as patient age, symptoms of anemia, bleeding, and pain were collected through interviews and review of
medical records.

Statistical analysis was carried out using appropriate medical research software. The Student’s t-test was applied to
compare mean Ki-67 expression levels between leiomyoma and myometrial tissues, while Pearson’s correlation coefficient
was used to assess associations between Ki-67 expression and clinical parameters including severity of anemia, bleeding,
and pain. A p-value of less than 0.05 was considered statistically significant. This analysis aimed to identify significant
differences in Ki-67 expression between tumor and adjacent normal tissue and to evaluate its potential as a marker of tumor
activity and severity in uterine leiomyomas.

RESULT
Table 1: Age Distribution (n=86)
Age Group (Years) Frequency (n) Percentage (%)
35-37 24 27.9
38-40 32 37.2
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41-44 30 34.9
Total 86 100.0

The above table illustrates that out of the total study participants, 24 (27.9%) were in the age group of 35-37 years, 32
(37.2%) were in the age group of 38—40 years, and 30 (34.9%) were in the age group of 41-44 years, making a total of 86
participants (100%).

Age Distribution (n=86)
40
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15
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35-37 38-40 41-44
Table 2: Educational Status
Education Level Frequency (n) Percentage (%)
Illiterate 14 16.3
Primary (1-5 yrs) 19 22.1
Secondary (6—12 yrs) 33 38.4
Graduate 15 17.4
Postgraduate 5 5.8
Total 86 100.0

The above table illustrates that out of the total study participants, 14 (16.3%) were illiterate, 19 (22.1%) had primary
education, 33 (38.4%) had secondary education, 15 (17.4%) were graduates, and 5 (5.8%) were postgraduates, making a
total of 86 participants (100%).

Educational Status of Participants (n=86)
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Table 3: Socioeconomic Status (Kuppuswamy Scale)

Socioeconomic Class Frequency (n) Percentage (%)
Upper () 7 8.1

Upper Middle (IT) 12 14.0

Lower Middle (I1I) 26 30.2

Upper Lower (IV) 29 33.7

Lower (V) 12 14.0

Total 86 100.0

The Modified Kuppuswamy Scale is calculated based on three parameters: Education, Occupation, and Total Monthly
Family Income.

We sum the scores from all three parameters (Range: 3 to 29) to classify the family into one of the following five strata:
Upper (Class I): 26 —29

Upper Middle (Class II): 16 —25
Lower Middle (Class III): 11-15
Upper Lower (Class IV): 5-10
Lower (Class V): 3-4

The above table illustrates that out of the total study participants, 7 (8.1%) belonged to the upper class, 12 (14.0%) were
from the upper middle class, 26 (30.2%) were from the lower middle class, 29 (33.7%) were from the upper lower class,
and 12 (14.0%) belonged to the lower class, making a total of 86 participants (100%).

Socioeconomic Status Distribution (n=86)
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Upper Lower (IV
Upper () pp (IV)
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Table 4: Overall KI-67 Expression (n=86)

Tissue Type KI-67 (% Positive Cells), Mean + SD p-value (t-test)
Leiomyoma 4.32+1.67 <0.001
Myometrium 1.14 £ 0.61

Navdeep Kaur, et al. Evaluation Of KI-67 Expression in Uterine Leiomyoma and in Healthy Myometrium. Int. J Med. 4419
Pharm. Res., 7(3): 4416-4422, 2026



The above table illustrates that out of the total study participants, the mean Ki-67 expression in leiomyoma tissue was 4.32
+ 1.67, whereas in myometrium it was 1.14 + 0.61, with the difference being statistically significant (p < 0.001).

Overall KI-67 Expression (n=86)
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Table S: KI-67 Across Subtypes
Subtype KI-67 (% Positive Cells), Mean + SD p-value (ANOVA)
Ordinary 3.85+1.42 <0.001
Cellular 5.41+1.83
Atypical 6.12+2.05
Degenerated 2.67 +0.98

Cellular Leiomyoma has increased cellularity (more cellular than background myometrium), scant cytoplasm without
increased mitotic activity and atypia.

Atypical Leiomyoma has bizarrely shaped, hyperchromatic, multilobulated nuclei with nuclear pseudoinclusions arranged
in a multifocal to diffuse distribution in a background of a typical leiomyoma ,has low mitotic activity (< 5 mitoses/10 high
power fields) and absence of tumor cell necrosis.

The above table illustrates that out of the total study participants, the mean Ki-67 expression in ordinary subtype was 3.85
+ 1.42, in cellular subtype it was 5.41 + 1.83, in atypical subtype it was 6.12 +2.05, and in degenerated subtype it was 2.67
+ 0.98, with the difference found to be statistically significant (p < 0.001).

KI-67 Across Subtypes
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Table 6: Subtype vs. Myometrium Comparison

Subtype Leiomyoma (Mean + SD) Myometrium (Mean = SD) p-value
Ordinary 3.85+1.42 1.11 +£0.59 <0.001
Cellular 541+1.83 1.20+0.64 <0.001
Atypical 6.12+2.05 1.24 +0.69 <0.001
Degenerated 2.67+0.98 1.03 +£0.51 <0.001

The above table illustrates that out of total study participants, the mean Ki-67 expression in leiomyoma tissue was 3.85 +
1.42 for the ordinary subtype, 5.41 £ 1.83 for the cellular subtype, 6.12 £+ 2.05 for the atypical subtype, and 2.67 £+ 0.98 for
the degenerated subtype, while in the corresponding myometrium the values were 1.11 £ 0.59, 1.20 + 0.64, 1.24 + 0.69,
and 1.03 + 0.51 respectively, with all showing statistically significant p-values of <0.001.
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DISCUSSION

The present study demonstrated that the mean Ki-67 expression was significantly higher in leiomyoma tissue (4.32 £+ 1.67)
compared to healthy myometrium (1.14 + 0.61), with a statistically significant difference (p < 0.001). When evaluated
across morphological subtypes, the highest Ki-67 expression was observed in atypical leiomyomas (6.12 + 2.05), followed
by cellular (5.41 + 1.83), ordinary (3.85 + 1.42), and degenerated subtypes (2.67 + 0.98), with all differences reaching
statistical significance. These findings suggest that Ki-67 expression correlates with tumor activity and may vary according
to histological subtype.

The results of the present study are comparable with the observations of Watanabe et al. (2021)*, who reported that Ki-67,
along with cyclin E, was a critical biomarker in confirming the progression from leiomyoma to leiomyosarcoma in a
postpartum patient. Their findings emphasized that increased Ki-67 activity can indicate malignant potential, which is in
line with our study where higher Ki-67 expression was noted in atypical and cellular variants. Similarly, Guo et al. (2022)3
highlighted the diagnostic complexity of leiomyoma with bizarre nuclei (LBN), noting its overlap with smooth muscle
tumors of uncertain malignant potential (STUMP) and leiomyosarcoma. They suggested that although Ki-67 alone is not
definitive, it may contribute as an adjunct marker in distinguishing these tumors. Our results support this by demonstrating
variable Ki-67 expression across morphological subtypes, reflecting differences in tumor activity.

The findings are also consistent with those reported by Spari¢ et al. (2022)°, who in their systematic review underscored
the importance of integrating molecular and protein markers, including Ki-67, to aid in differential diagnosis between
leiomyomas and leiomyosarcomas. The higher proliferation indices observed in our atypical and cellular subtypes align
with their assertion that molecular markers provide added diagnostic value. Nishikawa et al. (2023)” also emphasized the
role of molecular markers and genetic profiling in differentiating benign from malignant mesenchymal tumors, suggesting
that Ki-67 expression may serve as one such marker for stratifying tumor aggressiveness. This is supported by our study
where significant differences in Ki-67 expression were observed between leiomyoma subtypes and healthy myometrium.
Patkar et al. (2023)® reported that leiomyomas with bizarre nuclei exhibited low mitotic activity and a very low Ki-67
proliferation index (0.5-1.0%), thereby confirming their benign nature despite atypical histology. This observation differs
from our study, where the atypical subtype demonstrated the highest Ki-67 expression. The discrepancy may be attributed
to sample size differences and histological heterogeneity within the atypical category. Nonetheless, both studies reinforce
the utility of Ki-67 as a valuable adjunct marker in assessing tumor biology.

Navdeep Kaur, et al. Evaluation Of KI-67 Expression in Uterine Leiomyoma and in Healthy Myometrium. Int. J Med. 4421
Pharm. Res., 7(3): 4416-4422, 2026



CONCLUSION

The present study concludes that Ki67expression was significantly elevated in leiomyoma tissue compared with normal
myometrium, underscoring the heightened proliferative activity characteristic of these tumors. Notably, Ki-67 indices
varied across histomorphological subtypes, with atypical leiomyomas demonstrating the highest proliferative fraction,
followed by cellular and non-degenerated variants, while degenerated subtypes exhibited comparatively lower expression.
These differences were statistically robust (p < 0.001).

Collectively, these findings reinforce the role of Ki-67 as a sensitive and reproducible marker of cellular proliferation in
uterine smooth muscle tumors. The observed heterogeneity in proliferative indices among leiomyoma subtypes may have
important implications for understanding tumor biology and could contribute to refined histopathological stratification in
routine diagnostic practice.
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