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Uterine leiomyoma, represents the most commons pelvic tu-
mor in females. The incidence of leiomyoma represents 20% 
and 40% in less than 30 and 40 years old females respectively 
[1]. Leiomyomas are benign monoclonal tumors, which arise 
from the smooth muscle cells of the myometrium. There are nu-
merous histological subtypes of uterine leiomyoma, including 
classic, cellular, bizzare/atypical and smooth muscle tumors of 
uncertain malignancy potential (STUMP) and others [2]. Leio-
myosarcomas represent the malignant counterparts of leiomy-
oma. Although extremely rare, leiomyoma can transform into 
leiomyosarcoma [3].

In recent years, laparoscopic myomectomy developed as a 
treatment of choice for leiomyoma, as it represents the less inva-
sive procedure [4]. However, it has been noted that the relapse of 
leiomyoma can occur after laparoscopic myomectomy [5]. The 
rate of leiomyoma relapse represents 11.7%, 36.1%, 52.9% and 
84.4% after 1, 3, 5 and eight years from laparoscopic myomec-
tomy respectively [6]. Therefore, the investigation of molecular 
markers, indicating risk of relapse after laparoscopic myomec-
tomy is of high importance.

Smooth muscle tumors with uncertain malignancy poten-
tial (STUMP) represent the group of smooth muscle tumors, 
which cannot be diagnosed surely as benign or malignant [7]. 
Therefore, the clinical management of this entity is compli-
cated. Mostly, they show relatively non-aggressive behaviour, 
compared to leiomyosarcomas and survival rates are also rela-
tively higher. However, in 8.7% to 11% of cases the relapse can 
develop[7]. Therefore, the investigation of molecular markers 
which indicate the relatively benign or aggressive behaviour of 
this tumors is of high interest.

In our current study, we investigated the molecular phenotype 
of different types of leiomyomas, including STUMP, in hyster-
ectomy and laparoscopic myomectomy specimens from patients 
in reproductive and menopausal age. 

Material and methods. Tissue samples. Formalin fixed and 
paraffin embedded tissue material was retrieved from the Re-
search, Diagnostic and Teaching Laboratory of Tbilisi State 
Medical University, Georgia. Study included altogether 237 tis-
sue specimens distributed in two major groups: group I speci-
mens received by histerectomy (n=155) and specimens received 
by laparoscopic miomectomy (n=82). Specimens were further 
subdivided into following categories: from patients in repro-
ductive age and from patients in menopause. Group I included 
n=102 specimens from reproductive age patients and n=53 
specimens from menopausal patients. Group II included n=52 
specimens from reproductive age patients and n=30 speci-
mens from menopausal patients. Group I included follow-
ing histological subtypes: classic leiomyoma (n=69), cellu-
lar leiomyoma (n=15), bizzare/atypical leiomyoma (n=22), 
smooth muscle tumors with uncertain malignancy potential 
(STUMP) (n=17), leiomyosarcoma (n=12) and control group 
of normal myometrium (n=20); Group II included follow-
ing histological subtypes: classic leiomyoma (n=35), biz-
zare/atypical leiomyoma (n=18) and STUMP (n=29). Cases 
in group II were further subdivided into relapsed cases and 
control group.

Immunohistochemistry. 4µ FFPE tissue sections were de-
paraffinized in xylene, rehydrated by using serial dilutions 
of ethanol (96%, 80%, 70%) and heat mediated antigen re-
trieval has been performed. Ready to use antibodies against 
the following antigens were used: Ki67 (K2), cyclin D1 
(polyclonal), Bcl2 (bd-2/100/05) cleaved Cas3, ER (6f11) 
and PR (16) (Novocastra). Staining and visualisation has 
been performed using Bond polymer refine detection system. 
The number of positive cells were counted in 20HPF and the 
following indexes were made: proliferation index – based 
on Ki67 and cyclin D1 labelling, apoptotic index – based on 
Bcl2 and Cas3 labelling, ER index and PR index. Prolifera-
tion and apoptosis index 0-10% was considered as low and 
>10% was considered as high. The ER and PR index 0-10% 
was considered as low, the index 10-50% was considered as 
moderate and the index >50% was considered as high. 

Comparisons between groups were made using Mann-Whit-
ney U and Kruskall-wallis test and correlations were assessed 
using Spearman’s rank correlation. P values <0.05 were con-
sidered as significant. All statistical tests were performed using 
SPSS software V19.00.

Results and discussion. The results of Ki67, Cyclin D1, 
BCL2, Cas3, ER and PR analysis in myomectomy speci-
mens showed the following results: in normal myometrium 
mean Ki67 expression was 1.7 in reproductive age and 0.4 
in menopause; mean Cyclin D1 expression level was 1.2±0.3 
in reproductive age and 0.2±0.05 in menopause; mean Bcl2 
expression level was 0.9±0.1 in reproductive age and 2.1±0.7 
in menopause; mean Cas3 expression level was 0.7±0.3 in 
reproductive age and 1.8 in menopause; mean ER expression 
level was 80 in reproductive age and 40 in menopause and 
mean PR expression level was 89.6±6.9 in reproductive age 
and 42±7.1 in menopause. In classic leiomyoma, the mean 
Ki67 expression was 3±1.1 in reproductive age and 1.2±0.8 
in menopause; mean Cyclin D1 expression level was 2.4±1.2 
in reproductive age and 0.9±0.5 in menopause; mean Bcl2 
expression level was 6.7±2.1 in reproductive age and 8.3±3.2 
in menopause; mean Cas3 expression level was 5.4±2.4 in re-
productive age and 7.9±3.3 in menopause; mean ER expres-
sion level was 70.2±10.3 in reproductive age and 34.3±5.6 
in menopause and mean PR expression level was 75.7±9.7 
in reproductive age and 36.3±6.9 in menopause. In cellular 
leiomyoma the mean Ki67 expression was 8.9±3.6 in repro-
ductive age and 3.4±1.4 in menopause; mean Cyclin D1 ex-
pression level was 7.6±3.4 in reproductive age and 3.1±1.1 
in menopause; mean Bcl2 expression level was 9.6±3.9 in 
reproductive age and 10.9±4.1 in menopause; mean Cas3 ex-
pression level was 8.5±2.9 in reproductive age and 9.9±3.2 
in menopause; mean ER expression level was 60.5±9.4 in re-
productive age and 29.1±4.8 in menopause and mean PR ex-
pression level was 63.2±7.1 in reproductive age and 30.2±5.5 
in menopause. In bizzare/atypical leiomyoma the mean Ki67 
expression was 12.5±3.8 in reproductive age and 4.7±1.1 in 
menopause; mean Cyclin D1 expression level was 10.5±4.4 
in reproductive age and 3.5±0.9 in menopause; mean Bcl2 ex-
pression level was 13.3±3.2 in reproductive age and 15.7±4.5 
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in menopause; mean Cas3 expression level was 11.2±2.2 in 
reproductive age and 13.8±3.6 in menopause; mean ER ex-
pression level was 50.6±8.4 in reproductive age and 23.8±6.7 
in menopause and mean PR expression level was 52.1±7.1 in 
reproductive age and 23.9±3.7 in menopause. In STUMP the 
mean Ki67 expression was 20.8±11.4 in reproductive age and 
6.3±1.5 in menopause; mean Cyclin D1 expression level was 
18.6±10.8 in reproductive age and 5.2±1.3 in menopause; 
mean Bcl2 expression level was 8.7±2.1 in reproductive age 
and 10.6±3.5 in menopause; mean Cas3 expression level was 
7.6±2.5 in reproductive age and 9.3±2.9 in menopause; mean 
ER expression level was 43.9±5.6 in reproductive age and 
17.6±4.8 in menopause and mean PR expression level was 
46.8 in reproductive age and 18.7±5.6 in menopause.

The results of Ki67, Cyclin D1, BCL2, Cas3, ER and PR 
analysis in laparoscopic surgical specimens showed the fol-
lowing results: in classic leiomyoma the mean Ki67 label-
ling index was 6.9±2.2 in relapsed and 3.1±1.3 in control 
specimens from patients in reproductive age. In patients with 
menopause the mean Ki67 labelling index was 3.7±1.4 and 
1.4±0.6 in relapsed and control cases respectively. Mean cy-
clin D1 labelling index was 5.3±2.4 in relapsed and 2.7±1.8 
in control specimens from reproductive age patients. In pa-
tients with menopause mean cyclin D1 labelling index was 
2.1±0.4 and 1±0.3 in relapsed and control groups respec-
tively. Mean Bcl2 labelling index was 3.2±0.9 in relapsed 
and 5.9±1.7 in control cases from reproductive age patients. 
In patients with menopause mean Bcl2 labelling index was 
3.9±1.9 and 8.8±2.7 in relapsed and in control cases respec-
tively. Mean Cas3 labelling index was 2.9±0.8 in relapsed 
and 5.1±1.9 in control cases from patients in reproductive 
age and 3.1±0.8 and 7.2±2.9 in relapsed and control group 
respectively, in patients with menopause. Mean ER positivity 
was 85.8±9.6 in relapsed and 79.6±7.9 in control group in re-
productive age patients, whilst it was 48.2±8.2 and 42.9±6.3 
in menopausal patients in relapsed and control groups respec-
tively. Mean PR positivity was 90.6±9.1 in relapsed group 
and 85.7±7.8 in control group in reproductive age patients, 
whilst it was 50.7±5.5 and 46.2±4.9 in menopausal patients 
in relapsed and control groups respectively; In bizzare/atypi-
cal leiomyoma the mean Ki67 labelling index was 26±3.9 in 
relapsed and 12.3±2.7 in control specimens from patients in 
reproductive age. In patients with menopause the mean Ki67 
labelling index was 11.4±3.3 and 4.9±1.8 in relapsed and 

control cases respectively. Mean cyclin D1 labelling index 
was 24.5±4.6 in relapsed and 11.2±3.7 in control specimens 
from reproductive age patients. In patients with menopause 
mean cyclin D1 labelling index was 10.6±2.9 and 3.8±1.1 in 
relapsed and control groups respectively. Mean Bcl2 label-
ling index was 5.7±2.1 in relapsed and 13.9±4.1 in control 
cases from reproductive age patients. In patients with meno-
pause mean Bcl2 labelling index was 7.9±3.9 and 16.2±4.5 
in relapsed and in control cases respectively. Mean Cas3 la-
belling index was 4.9±2.1 in relapsed and 12.3±3.8 in con-
trol cases from patients in reproductive age and 6.8±2.3 and 
14.1±3.5 in relapsed and control group respectively, in pa-
tients with menopause. Mean ER positivity was 65.6±10.3 in 
relapsed and 47.5±8.5 in control group in reproductive age 
patients, whilst it was 40.1±5.5 and 30.2±6.3 in menopausal 
patients in relapsed and control groups respectively. Mean 
PR positivity was 68.9±9.2 in relapsed group and 50.3±8.7 
in control group in reproductive age patients, whilst it was 
47.2±4.3 and 35.1±2.3 in menopausal patients in relapsed and 
control groups respectively; In STUMP the mean Ki67 label-
ling index was 61.4±8.6 in relapsed and 21.2±3.3 in control 
specimens from patients in reproductive age. In patients with 
menopause the mean Ki67 labelling index was 21.8±6.9 and 
7.3±2.1 in relapsed and control cases respectively. Mean 
cyclin D1 labelling index was 52.7±7.6 in relapsed and 
19.1±4.7 in control specimens from reproductive age pa-
tients. In patients with menopause mean cyclin D1 label-
ling index was 18.6±3.3 and 5.7±2.2 in relapsed and con-
trol groups respectively. Mean Bcl2 labelling index was 
3.3±0.9 in relapsed and 9.2±3.3 in control cases from re-
productive age patients. In patients with menopause mean 
Bcl2 labelling index was 4.8±1.8 and 11.3±3.4 in relapsed 
and in control cases respectively. Mean Cas3 labelling in-
dex was 2.6±0.9 in relapsed and 8.1±2.6 in control cases 
from patients in reproductive age and 3.7±1.3 and 9.8±3.3 
in relapsed and control group respectively, in patients with 
menopause. Mean ER positivity was 53.7±9.4 in relapsed 
and 42.2±7.5 in control group in reproductive age patients, 
whilst it was 30.9±6.9 and 20.8±5.8 in menopausal pa-
tients in relapsed and control groups respectively. Mean 
PR positivity was 57.1±8.8 in relapsed group and 44.3±5.4 
in control group in reproductive age patients, whilst it was 
36.3±6.7 and 23.6±7.9 in menopausal patients in relapsed 
and control groups respectively.

Table 1. Distribution of Ki67, Cyclin D1, Bcl2, Cas3, ER and PR in myomectomy tissue specimens

Normal Miometrium
Repr. Ag. 10 1,7 1,2 81,3 0,7 80 89,6

Menop. Ag. 10 0,4 0,2 89,2 1,8 40 42

Classic LM
Repr. Ag. 45 3 2,4 67,6 5,4 70,2 75,7

Menop. Ag. 24 1,2 0,9 71,2 7,9 34,3 36,3

Cellular LM
Repr. Ag. 10 8,9 7,6 59,7 8,5 60,5 63,4

Menop. Ag. 5 3,4 3,1 62,3 9,9 29,1 30,2

Bizzare/Atypical LM
Repr. Ag. 14 12,5 10,5 13,3 11,2 50,6 52,1

Menop. Ag. 8 4,7 3,5 15,7 13,8 23,8 23,9

STUMP
Repr. Ag. 13 20,8 18,6 15,6 7,6 43,9 46,8

Menop. Ag. 4 6,3 5,2 17,3 9,3 17,6 18,7

LMS
Repr. Ag. 10 42,1 40,2 3,8 2,9 35,7 40,7

Menop. Ag. 2 10,9 8,7 4,2 3,7 12,4 13,5
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Further investigation results of proliferative and apoptotic 
markers in both groups showed the following results: in group I 
(myomectomy specimens) in reproductive age patients cellular 
leiomyomas, bizzare/atypical leiomyoma and leiomyosarcomas 
were divided into two major groups based on the expression of 
Ki67, cyclin D1, Bcl2 and Cas3. Particularly, in cellular leiomyo-
mas low Ki67 labelling index (<=10) were present in 6/10 cases 
(60%), whilst high Ki67 labelling index (>10) was present in 4/10 
(40%) cases. Low cyclin D1 labelling index was also presented in 
6/10 (60%) cases and high cyclin D1 labelling index was presented 
in 4/10 (40%) cases. Low Bcl2 labelling index was presented in 
7/10 (70%) cases and high Bcl2 labelling index was presented in 

3/10 (30%) cases, similar to Cas3 labelling index, which was also 
presented as low in 7/10 (70%) and high in 3/10 (30%) cases. In 
bizzare/atypical leiomyomas low Ki67 index was presented in 8/14 
(57.1%) cases and high Ki67 labelling index was presented in 6/14 
(42.9%) cases similar to cyclin D1, which was also presented as 
low in 8/14 (57.1%) and as high in 6/14 (42.9%) cases. Low Bcl2 
and Cas3 was presented in 9/14 (64.3%) cases and high Bcl2 and 
Cas3 was presented in 5/14 (35.7%) cases. In leiomyosarcoma low 
Ki67 and cyclin D1 index was presented in 2/10 (20%) cases and 
high Ki67 and cyclin D1 was presented in 8/10 (80%) cases. Low 
Bcl2 and Cas3 was presented in 9/10 (90%) cases, whilst high Bcl2 
and Cas3 was presented in 1/10 (10%) case. 

Table 2. Distribution of Ki67, Cyclin D1, Bcl2, Cas3 in laparoscopy tissue specimens

Rel. Cont. Rel. Cont. Rel. Cont. Rel. Cont. Rel. Cont.

Classic LM
Repr. Ag. 13 9 6,9 3,1 5,3 2,7 69,3 65,2 2,9 5,1

Menopause 7 6 3,7 1,4 2,1 1 71,6 68,7 3,1 7,2

Bizzare/
Atypical LM

Repr. Ag. 6 5 26 12,3 24,5 11,2 17,2 14,3 4,9 12,3

Menopause 4 3 11,2 4,9 10,6 3,8 18,1 16,2 6,8 14,1

STUMP
Repr. Ag. 12 7 61,4 21,2 52,7 19,1 15,1 13,4 2,6 8,1

Menopause 6 4 21,8 7,3 18,6 5,7 15,8 12,9 3,7 9,8

Table 3. Distribution of ER and PR in laparoscopy tissue specimens

ER PR

Rel. Cont. Rel. Cont. Rel. Cont.

Classic LM
Repr. Ag. 13 9 85,8 79,6 90,6 85,7

Menopause 7 6 48,2 42,9 50,7 46,2

Bizzare/Atypical LM
Repr. Ag. 6 5 65,6 47,5 68,9 50,3

Menopause 4 3 40,1 30,2 47,2 35,1

STUMP
Repr. Ag. 12 7 53,7 42,2 57,1 44,3

Menopause 6 4 30,9 20,8 36,3 23,6

Fig. 1. A. Classic leiomyoma, H&E, x200 B. Bizzare/atypical leiomyoma, H&E, x200 C. STUMP, H&E, x200, 
D. Ki67 in bizzare/atypical leiomyoma, IHC, x200, E. Ki67 in STUMP, IHC, x200, F. Ki67 in leiomyosarcoma, IHC, x200, 

G. Bcl2 in classic leiomyoma, IHC, x200, G. Bcl2 in STUMP, IHC, x200, I. Bcl2 in , IHC, x200
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Graph 1. Distribution of cellular LM, bizzare/atypical LM and 
LMS cases in high and low proliferation and apoptotic groups in 
myomectomy specimens of reproductive women

In laparoscopic surgical specimens, similar trend has been 
seen in groups with classic leiomyoma and bizzare/atypical leio-
myomas. In classic leiomyoma in control group, 6/9 (66.7%) 
cases were characterised with low and 3/9 (33.3%) cases were 

characterised with high Ki67 and cyclin D1 labelling index. In 
relapsed group, 5/13 (38.5%) cases were characterised with low 
and 8/13 (61.5%) cases were characterised with high Ki67 and 
cyclin D1 labelling index. On the other hand, in control group 
7/9 (77.8%) cases were characterised with low Bcl2 and Cas3 
labelling index, whilst 2/9 (22.2%) cases were characterised 
with high Bcl2 and Cas3 labelling index. In relapsed group, 9/13 
(69.2%) cases were characterised with low Bcl2 and Cas3 labelling 
index and 4/13 (30.8%) cases were characterised with high Bcl2 
and Cas3 labelling index. In bizzare/atypical leiomyomas in con-
trol group 2/5 (40%) cases were characterised with low Ki67 and 
Cyclin D1 labelling index and 3/5 (60%) cases were characterised 
with high Ki67 and cyclin D1 labelling index. In relapsed group, 
1/6 (16.6%) case were characterised with low Ki67 and cyclin D1 
labelling index and 5/6 (83.4) cases were characterised with high 
Ki67 and cyclin D1 labelling index. With regard to apoptotic index, 
in control group 3/5 (60%) cases were characterised with low Bcl2 
and Cas3 index and 2/5 (40%) cases were characterised with high 
Bcl2 and Cas3 index. In relapsed group, 3/6 (50%) cases were char-
acterised with low Bcl2 and Cas3 index and 3/6 (50%) cases were 
characterised with high Bcl2 and Cas3 index. 

Graph 2. Distribution of cellular LM and bizzare/atypical LM cases in high and low proliferation 
and apoptotic groups in laparoscopic specimens of reproductive women. LM, leiomyoma, Repr.Ag., reproductive age

Graph 3.The comparative analysis of Ki67, cyclin D1, Bcl2 and Cas3 in laparoscopic myomectomy specimens. 
LM, leiomyoma, Repr. Ag. reproductive age.
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Graph 4. Comparative analysis of ER and PR in laparoscopic surgical specimens. 
LM, leiomyoma, Cont., control specimens, Rel., relapsed specimens

Graph 5. Distribution of STUMP cases in different proliferative and apoptotic groups, 
Surg., surgical specimen, LM, laparoscopic myomectomy, Rel., relapsed cases

In cases of STUMP in both group I and group II three groups 
were identifiable based on proliferation and apoptotic index. 
Particularly in group I 3/13 (23%) cases were characterised with 
low Ki67 and cyclin D1 labelling index (<=10), 4/13 (30.8%) 
cases were characterised with moderate Ki67 and cyclin D1 la-
belling index (10-30) and 6/13 (46.2%) cases were characterised 
with high Ki67 and cyclin D1 labelling index (>30). In addi-
tion, 5/13 (38.4%) cases were characterised with low Bcl2 and 
Cas3 labelling index, 4/13 (30.8%) cases were characterised 
with moderate Bcl2 and Cas3 labelling index and 4/13 (30.8%) 
cases were characterised with high Bcl2 and Cas3 labelling in-
dex. In group II, in control specimens 1/7 (14.3%) cases were 
characterised with low proliferative index, 2/7 (28.6%) cases 
were characterised with moderate proliferative index and 4/7 
(57.1%) cases were characterised with high proliferative index. 
On the opposite side, 3/7 (42.9%) cases were characterised with 
low Bcl2 and Cas3 index, 2/7 (28.6%) cases were characterised 
with moderate Bcl2 and Cas3 index and 2/7 (28.6%) cases were 
characterised with high Bcl2 and Cas3 index. In relapsed group 
3/12 (25%) cases were characterised with low proliferation in-
dex, 4/12 (20%) cases were characterised with moderate pro-

liferation index and 5/12 (55%) cases were characterised with 
high proliferative index. In addition, 7/12 (58.3%) cases were 
characterised with low apoptotic index, 3/12 (25%) cases were 
characterised with moderate apoptotic index and 2/12 (16.7%) 
cases were characterised with high apoptotic index.

Comparative analysis of studied markers in group I indicated 
that maximal expression of ER and PR is seen in control group 
(normal myometrium) and it gradually decreased in leiomyo-
mas, reaching the minimal expression levels in leiomyosarco-
mas. Ki67 and Cyclin D1 labelling index is higher in all his-
tological subgroups of reproductive age patients, compared to 
specimens from patients with menopause, whilst the opposite 
has been seen in cases of Bcl2 and Cas3 expression, which is 
higher in all histological groups of menopausal patients com-
pared to reproductive patients. Higher expression of prolifera-
tion markers was seen in cases with bizzare/atypical leiomioma, 
STUMP and leiomyosarcoma, compared to classic and cellular 
leiomyomas. On the opposite the lowest expression apoptotic 
markers have been seen in cases with bizzare/atypical leiomio-
ma, STUMP and leiomyosarcoma compared to classic and cel-
lular leiomyomas. 
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In reproductive age patients lowest Ki67 and Cyclin D1 la-
belling index has been seen in normal myometrium, followed 
by classic leiomyomas. The expression of Ki67 and Cyclin D1 
is almost three times higher in cellular leiomyoma compared 
to classic leiomyoma and four times higher in bizzare/atypical 
leiomyoma compared to classic leiomyoma. Whilst in STUMP 
and leiomyosarcoma the expression of Ki67 and Cyclin D1 is 
seven times and 14 times higher, respectively. With regard to 
apoptotic index, the highest apoptotic index has been seen in 
bizzare/atipycal leiomioma and lowest apoptotic index has been 
seen in normal myometrium, followed by leiomyosarcoma. 
Highest ER and PR expression has been seen in normal myome-
trium and lowest ER and PR expression has been seen in leio-
myosarcomas. 

Comparative analysis of proliferation and apoptotic proteins 
in laparoscopic surgical specimens showed that in all histologi-
cal subtypes of leiomyomas proliferation markers Ki67 and cy-
clin D1 are expressed at nearly twice as much higher levels in 
relapsed group, compared to control group in both reproductive 
and menopausal age women. On the other hand, in the apoptotic 
markers Bcl2 and Cas3 are expressed almost twice as less levels 
compared to control group in both reproductive and menopausal 
patients.

The comparative analysis of ER and PR in laparoscopic sur-
gery group indicated that in all histological subtypes, ER expres-
sion was much higher in relapsed group compared to control 
group. Whilst the progesterone showed the opposite trend.

The analysis of STUMP cases showed that three groups these 
histopathological entity is identifiable based on proliferation 
and apoptotic indexes. It has been shown that the majority of 
STUMP cases which were relapsed, belong to the high prolifera-
tive and low apoptotic groups. Whilst in control group or in sur-
gical specimens STUMP cases are relatively equally distributed 
in different proliferative and apoptotic groups. 

It is known that sex steroid hormone oestrogen plays and im-
portant role in the pathogenesis of leiomyoma [8]clinical, and 
experimental evidence. Estradiol and progesterone induce ma-
ture leiomyoma cells to release mitogenic stimuli to adjacent 
immature cells, thereby providing uterine leiomyoma with 
undifferentiated cells that are likely to support tumor growth. 
Progesterone action is required for the complete development 
and proliferation of leiomyoma cells, while estradiol predomi-
nantly increases tissue sensitivity to progesterone by increasing 
the availability of progesterone receptors (PRs. Oestrogen is in-
volved in the upregulation of several genes which cause the leio-
myoma formation [8]clinical, and experimental evidence. Estra-
diol and progesterone induce mature leiomyoma cells to release 
mitogenic stimuli to adjacent immature cells, thereby providing 
uterine leiomyoma with undifferentiated cells that are likely to 
support tumor growth. Progesterone action is required for the 
complete development and proliferation of leiomyoma cells, 
while estradiol predominantly increases tissue sensitivity to pro-
gesterone by increasing the availability of progesterone recep-
tors (PRs, including growth factors, collagens and oestrogen and 
progesterone receptors [8]clinical, and experimental evidence. 
Estradiol and progesterone induce mature leiomyoma cells to 
release mitogenic stimuli to adjacent immature cells, thereby 
providing uterine leiomyoma with undifferentiated cells that are 
likely to support tumor growth. Progesterone action is required 
for the complete development and proliferation of leiomyoma 
cells, while estradiol predominantly increases tissue sensitivity 
to progesterone by increasing the availability of progesterone re-
ceptors (PRs. In our study we showed that the expression of ER 

is significantly higher in laparoscopic myomectomy specimens 
after relapse, compared to control group or hysterectomy speci-
mens. To the best of our knowledge we are first who demonstrat-
ed such a finding. With regard to cell proliferation and apoptotic 
markers, it is indicated that the balance between these two plays 
an important role in the development of virtually all types of tu-
mors, including leiomyomas [9]. In our study we demonstrated 
that the balance between proliferation and apoptotic markers 
is markedly altered in relapsed leiomyomas. Particularly the 
expression of cell proliferation markers, particularly Ki67 and 
cyclin D1 is significantly higher in relapsed cases compared to 
control group. Whilst the expression of apoptotic markers Bcl2 
and Cas3 is significantly decreased. In addition, there is the pos-
sibility to divide STUMP cases into three molecular subtypes, 
based on proliferation and apoptotic indexes. Particularly, these 
groups include cases with low proliferation and high apoptotic 
potential, cases with moderate proliferation and apoptotic poten-
tial and cases with high proliferation and low apoptotic poten-
tial. Later is more similar to leiomyosarcomas, whilst first group 
is more similar to classic leiomyomas. We are sure, that it is the 
first demonstration of such a finding. 

Conclusions
ER expression is markedly higher in relapsed leiomyomas, 

compared to control group. Whilst PR shows the opposite trend. 
This finding can be used as a potential marker for leiomyoma 
relapse after laparoscopic myomectomy.

The relapsed leiomyomas after laparoscopic myomectomy 
are characterised with high proliferation and low apoptotic po-
tential, which can also be used as a potential marker for leio-
myoma relapse after laparoscopic myomectomy.

STUMP represents the heterogeneous group of smooth mus-
cle tumors, with three different molecular subtype. Particularly, 
cases with with low proliferation and high apoptotic potential, 
resembling more to classic leiomyomas, cases with moder-
ate proliferation and apoptotic potential and cases with high 
proliferation and low apoptotic potential, resembling more to 
leiomyosarcomas. This finding should be considered in clinical 
management of these tumors. 
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SUMMARY

PHENOTYPIC CHARACTERISTICS OF RELAPSED 
LEIOMYOMA AND SMOOTH MUSCLE TUMORS OF 
UNCERTAIN MALIGNANCY POTENTIAL IN REPRO-
DUCTIVE WOMEN

Kiknadze T., Tevdorashvili G., Muzashvili T., 
Gachechiladze M., Burkadze G.

Tbilisi State Medical University, Georgia

Uterine leiomyoma represents the most common pelvic tu-
mor in females, including numerous histological subtypes, from 
which smooth muscle tumors of uncertain malignancy poten-
tial (STUMP) represents the diagnostic challenge. On the other 
hand, the study of the relapse risk markers after laparoscopic 
myomectomy is of high interest. We investigated the molecular 
phenotype of different types of leiomyoma after hysterectomy 
or laparoscopic surgery in reproductive and menopausal women. 
Standard immunohistochemistry was used to detect prolifera-
tion markers Ki67 and cyclin D1, apoptotic markers Bcl2 and 
Cas3, and ER and PR. The results of our study indicated that ER 
expression is significantly higher in relapsed leiomyoma, com-
pared to control group. In addition, relapsed leiomyomas are 
characterised with high proliferation and apoptotic index. With 
regard to STUMP despite histological homogeneity, this entity 
is characterised with the presence of three distinct molecular 
subtypes, based on proliferation and apoptotic marker expres-
sion, which should be used as diagnostic aid in these tumors. 

Keywords: relapse risk markers, laparoscopic myomecto-
my, smooth muscle tumors of uncertain malignancy potential, 
STUMP.

РЕЗЮМЕ

РЕЦИДИВИРУЮЩИЕ ЛЕЙОМИОМЫ И ГЛАДКО-
МЫШЕЧНЫЕ ОПУХОЛИ С НЕОПРЕДЕЛЁННЫМ 
ЗЛОКАЧЕСТВЕННЫМ ПОТЕНЦИАЛОМ – ФЕНОТИ-
ПИЧЕСКИЕ ОСОБЕННОСТИ У ЖЕНЩИН РЕПРО-
ДУКТИВНОГО ВОЗРАСТА 

Кикнадзе Т.Г., Тевдорашвили Г.Г., Музашвили Т.З., 
Гачечиладзе М.Г., Буркадзе Г.М.

Тбилисский государственный медицинский университет, 
Грузия

Лейомиомы матки - частые опухоли тазовой полости у 
женщин, из различных подтипов которых особенную диа-
гностическую проблему представляют гладкомышечные 
опухоли с неопределённым злокачественным потенциалом. 
На сегодняшний день весьма актуально определить риск 
развития рецидива после лапароскопических миомэктомий. 
Изучены фенотипические особенности различных типов 

лейомиом у женщин репродуктивного и менопаузально-
го возраста, которые получены путём гистерэктомии или 
лапароскопических миомэктомий. Стандартным иммуно-
гистохимическим методом изучены молекулярные марке-
ры: пролиферативные маркеры Ki67 и cyclin D1, маркеры 
апоптоза Bcl2 и Cas3, ER и PR. Результаты исследования 
показали, что экспрессия ER значительно выше в рециди-
вирующих лейомиомах в сравнении с контрольной груп-
пой, а экспрессия PR - ниже. Рецидивирующие лейомио-
мы характеризуются высокой пролиферативной и низкой 
апоптозной активностью. Что касается гладкомышечных 
опухолей с неопределённым злокачественным потенциа-
лом, несмотря на гистологическую однородность, в этой 
нозологии возможно выделение трёх молекулярных под-
типов по характеру экспрессии пролиферативных и апоп-
тозных маркеров, что необходимо учитывать при диагно-
стике этого заболевания. 

reziume

morecidive leiomiomebi da gluvkunTovani sim-
sivneebi gaurkveveli avTvisebianobis potencia-
liT - fenotipuri Taviseburebebi reproduqci-
uli asakis qalebSi

T.kiknaZe, g.TevdoraSvili, T.muzaSvili, 
m.gaCeCilaZe, g.burkaZe

Tbilisis saxelmwifo samedicino universiteti, 
saqarTvelo

saSvilonos leiomiomebi warmoadgens menjis 
RruSi ganviTarebul xSir simsivneebs qalebSi, 
romelTa mravali histologiuri qvetipidan, gan-
sakuTrebul diagnostikur problemas warmoad-
gens gluvkunTovani simsivneebi avTvisebianobis 
gaurkveveli potencialiT. sadReisod aqtualu-
ria leiomiomebis recidivis ganviTarebis riskis 
gansazRvra laparoskopiuli miomeqtomiis Semdeg. 
Seswavlilia histereqtomiiT da laparoskopi-

uli miomeqtomiiT miRebuli sxvadasxva tipis 
leiomiomebis fenotipuri maxasiaTeblebi re-
produqciuli da menopauzuri asakis qalebSi. 
standartuli imunohistoqimiuri meTodiT gamo-
kvleulia iseTi markerebis eqspresia, rogore-
bicaa proliferaciuli markerebi Ki67 da cyclin 
D1, apoptozuri markerebi Bcl2 da Cas3 da ER, PR. 
kvlevis Sedegebma aCvena, rom morecidive leio-
miomebSi gacilebiT ufro maRalia ER-is eqspre-
sia SedarebiT sakontrolo jgufTan, maSin rode-
sac PR-is eqspresia, piriqiT, dabalia. morecidive 
leiomiomebi xasiaTdebian maRali prolifera-
ciuli da dabali apoptozuri aqtivobiT. rac 
Seexeba gluvkunTovan simsivneebs gaurkveveli 
avTvisebianobis potencialiT, miuxedavad his-
tologiuri erTgvarovnebisa, am nozologiaSi 
SesaZlebelia sami saxis molekuluri qvejgu-
fis gamoyofa proliferaciuli da apoptozuri 
markerebis eqspresiis mixedviT, rac aucilebelia 
gaTvaliswinebuli iyos am dazianebis diagnos-
tikaSi. 


