
Rom J Morphol Embryol 2014, 55(3 Suppl):1129–1136 

ISSN (print) 1220–0522      ISSN (on-line) 2066–8279 

OORRIIGGIINNAALL  PPAAPPEERR  

Immunohistochemical analysis in the diagnosis of uterine 
myometrial smooth muscle tumors 

ANCA DANIELA STĂNESCU1), ELENA NISTOR2), MARIA SAJIN3), ALEX EMILIAN STEPAN4) 

1)Department of Obstetrics and Gynecology, “Sf. Ioan” Emergency Hospital, Bucharest, Romania 
2)Department of Pathology, “Sf. Ioan” Emergency Hospital, Bucharest, Romania 
3)Department of Pathology, “Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania 
4)Department of Pathology, University of Medicine and Pharmacy of Craiova, Romania 

Abstract 
Uterine myometrial smooth muscle tumors sometimes raise concerns related to their histopathological typing, and that especially for benign 
entities with areas of atypia. In this study, we analyzed a group of myometrial smooth muscle tumors in what it regards their differential 
diagnosis utilizing a panel of antibodies consisting of α-SMA, Ki-67, p16, p53, PR and bcl-2. The study included a total of 16 cases of 
cellular leiomyomas, five cases of atypical leiomyomas and six of leiomyosarcomas, which were all analyzed for age, risk factors, mitotic 
activity, cellular atypia and tumor staging. In cases of cellular leiomyomas, the immunophenotype was characterized by high expression of 
PR and bcl-2 and low expression of p53 and Ki-67. For atypical leiomyomas, PR, bcl-2 and p53 expression levels were highly compared with 
low levels of p16 and Ki-67. Leiomyosarcomas immunophenotype was characterized by high expression values of Ki-67, p16 and p53, and 
decreased levels of PR and bcl-2. The study indicated specific immunophenotypes among the uterine myometrial smooth muscle tumors 
analyzed. The antibody panel used here might be a useful for the complementary histopathological analysis of myometrial leiomyomas and 
leiomyosarcomas. 
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 Introduction 

Myometrial smooth muscle tumors are the most 
common tumors of the female genital tract, being classified 
according to their cellularity, nuclear atypia, necrosis 
and mitotic activity, as leiomyomas, leiomyosarcomas 
and tumors of uncertain malignant potential (STUMP) 
[1–4]. Among these entities, leiomyomas are present in 
over 30% of patients over 30 years, while leiomyo-
sarcomas represent more than 1% of all malignant 
tumors of the uterus, constituting the most common 
sarcomas with this location in patients aged over 40 
years [5–9]. 

The differentiated prognosis and therapeutic approach 
of these tumors require a correct histopathological diag-
nosis, which sometimes can be a challenging mission. 
Numerous studies raise the question of differential 
diagnosis between myometrial smooth muscle tumors, 
especially for benign tumors or those with uncertain 
malignant potential with atypia and ascertained mitotic 
activity [2, 5, 10]. In this respect, there was a constant 
concern for the identification of biomarkers capable to 
define specific immunophenotypes for different lesions 
[2, 4, 5, 11–13]. 

Among the most studied markers were Ki-67, estrogen 
and progesterone receptors and proteins involved in the 
cell cycle, the results of these studies indicating some-
times conflicting aspects in relation to the number of 
positive cases for the various markers, as well for their 
expression values, due to the adaptation to the new criteria 
for classification of tumors and on the other hand the 
possibility of simultaneous existence of lesions such as 

cellular leiomyoma and atypical leiomyoma or leiomyo-
sarcoma; most probably these facts can be attributed to 
the existence of various lesional filiations present in 
smooth muscle tumors of the myometrium [5]. 

In this study, we analyzed utilizing immunohisto-
chemistry a group of myometrial smooth muscle tumors 
encountered in medical practice, in what it regards the 
differential diagnosis and the relation to clinico-pathological 
parameters of interest. 

 Materials and Methods 

The study was retrospective and included a total of 27 
myometrial smooth muscle tumors diagnosed between 
2009–2012, selected from the casuistry of the Laboratory 
of Pathology, “Sf. Ioan” Emergency Hospital, Bucharest, 
Romania. The biological material was represented by total 
hysterectomy fragments from patients hospitalized in the 
Clinic of Gynecology of the same hospital, and immuno-
histochemical reactions were made in the Department of 
Pathology, University of Medicine and Pharmacy of 
Craiova, Romania. 

The surgical samples were processed by common 
histopathological technique using 10% neutral buffered 
formalin fixation, paraffin embedding and Hematoxylin–
Eosin (HE) staining. According to criteria established 
by the working group for the female genital tract tumors 
within World Health Organization (WHO) [1], lesions 
were classified as cellular leiomyoma, bizarre leiomyoma 
(atypical) and conventional leiomyosarcomas. In the 
case of leiomyosarcomas, we utilized the staging system 
elaborated by FIGO in 2009 for uterine sarcomas [14]. 
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Clinical data related to the age of the patients and 
associated risk factors, and the histopathological 
information about pTNM staging of leiomyosarcomas 
were gathered from clinical observation sheets and 
records of the laboratory (Table 1). 

Table 1 – Clinico-pathological aspects of the investi-
gated cases 

Parameter/Lesion (No.) CLM ALM LMS 

20–40 4 1 - 

40–60 10 4 5 
Age 

[years] 
>60 2 - 1 

Nulliparity 4 2 - 

Pelvic irradiation - - 1 
Risk 

factors 
Tamoxifen - 1 1 

Medium mitotic activity 
MF/10 HPF (±SD) 

0.8±0.3 1.2±0.3 13.2±3.4 

Tumor cells atypia 
without  
atypia 

moderate/ 
severe atypia 

moderate/
severe atypia

IA 4 pTNM 
stage IB 

- - 
2 

CLM: Cellular leiomyoma; ALM: Atypical leiomyoma; LMS: Leiomyo-
sarcoma; SD: Standard deviation. 

For immunohistochemical analysis, we used a panel of 
monoclonal mouse anti-human antibodies raised against 
smooth muscle actin (α-SMA, clone 1A4, 1:50 dilution, 
Dako, Redox, Romania), Ki-67 (clone MIB 1, dilution 
1:100, Dako, Redox, Romania), p16 (clone DC-648, 1:100 
dilution, Santa Cruz, Redox, Romania), p53 (clone DO-7, 
dilution 1:50, Dako, Redox, Romania), progesterone 
receptor (PR clone PgR 636, dilution 1:50, Dako, Redox, 
Romania), and bcl-2 (clone 124, dilution 1:50, Dako, 
Redox, Romania). Antigen unmasking was performed 
by heat induced epitope retrieval in citrate buffer pH 6 
solution for 21 minutes. Peroxidase blocking was done 
with 3% hydrogen peroxide for 15 minutes, and non-
specific blocking with 1% BSA (bovine serum albumin) 
in PBS (phosphate buffered saline) was followed by 
incubation with primary antibodies overnight at 40C. The 
visualization system utilized was LSAB2-HRP (Dako, 
Redox, Romania), and as chromogen we utilized DAB 
(3,3’-Diaminobenzidine, Dako, Redox, Romania). 

Subsequently, all slides were subjected to a nuclear 
counterstaining with Mayer’s Hematoxylin, and the 
immunohistochemical signal was quantified as follows. 
The reactions were considered as positive if the positivity 
index (considered as the ratio between the percentage  
of the number of positive cells from 1000 cells counted 
for each case) were at least 10% for PR and 5% for the 
remaining markers [4, 5]; also, we evaluated the intensity 
of the reactions obtained, these being classified as weak 
(+), moderate (++) or intense (+++), and the distribution 
of the immunostaining, assigned as focal or diffuse [15]. 
Average values were reported ± standard deviation (SD). 

For the validation of the reactions, we used internal 
and external controls, and the image acquisition was 
performed using a Nikon Eclipse E600 microscope 
equipped with Lucia 5 image analysis software. For 
statistical analysis of the results, we used Student’s  
t-test and One-Way ANOVA testing in the SPSS 10 
package software, p-values less than 0.05 being considered 
significant. The study was approved by the local Ethical 
Committee, and a written informed consent was obtained 
from all the patients. 

 Results 

The study included a total of 16 cellular leiomyomas, 
five atypical leiomyomas and six leiomyosarcomas. 
Clinico-pathological data analysis of the investigated 
lesions indicated a mean age at diagnosis of 44.5 years 
for cellular leiomyomas, 38.7 years for atypical leio-
myomas, respectively 55.4 years in case of leiomyo-
sarcoamas (Table 1). 

As risk factors, two patients with leiomyosarcoma 
had a history of pelvic irradiation and Tamoxifen 
administration, the latter being identified also in the 
history of one of the patients with atypical leiomyoma. 
Also, nulliparity was present in four patients with cellular 
leiomyoma and two patients with atypical leiomyoma 
(Table 1). 

Histopathological analysis of cellular leiomyomas 
revealed the presence of dense cellular bundles, with a 
medium mitotic activity of 0.8±0.3 mitotic figures per 10× 
microscopic field (MF/10 HPF) without cellular atypia 
(Figure 1A). In the case of atypical leiomyomas cells 
presented bizarre, polylobulated nuclei, hyperchromic, 
with moderate/severe atypia and a medium mitotic activity 
of 1.2±0.3 MF/10 HPF (Figure 1B). For leiomyosarcomas, 
the tumor mass presented fasciculated patterns with 
fibrillary cell cytoplasm and nuclei with rounded ends 
with moderate/severe atypia, a medium mitotic activity 
of 13.2±3.4 MF/HPF 10, and the presence of areas of 
necrosis and hemorrhage (Figure 1, C and D) (Table 1). 

Immunohistochemical analysis revealed the presence 
of α-SMA immunostaining in all cases included in the 
study, in the cytoplasm of tumor cells (Figure 2, A–C). 
Reactions were diffuse in 85–100% of the tumor cells 
and presented increased intensity in all cases (Table 2). 

Table 2 – The immunoreactions features depending 
on the analyzed lesions 

Marker/Immuno-
staining* 

CLM ALM LMS 
p value 

(ANOVA)

α-SMA 
92.6±4.7 

+++ 
diffuse 

91±5.4 
+++ 

diffuse 

96.6±4 
+++ 

diffuse 
0.132 

Ki-67 7.1±3.2 1.2±0.8 45.8±5.8 0.000 

p16 
36.5±5.3 

+/++ 
focally 

18±3 
++/+++ 
focally 

55.3±6 
+++ 

diffuse 
0.000 

p53 
16.4±2.6 

++ 
focally 

38.3±3.5 
++/+++ 
focally 

43.6±5.4 
++/+++ 
diffuse 

0.000 

PR 
90.6±5.7 

+++ 
diffuse 

81±6.5 
+++ 

diffuse 

8.7±2.9 
+/++ 

focally 
0.000 

Bcl-2 
74.5±6.7 
++/+++ 
diffuse 

70.6±5.7 
+++ 

diffuse 

18.3±3.5 
+/++ 

focally 
0.000 

*Percentage average ± SD (standard deviation), intensity and distri-
bution of the immunostaining; CLM: Cellular leiomyoma; ALM: Atypical 
leiomyoma; LMS: Leiomyosarcoma; SD: Standard deviation. 

Ki-67 immunoreaction had a nuclear localization in 
all cases, the mean proliferation index being of 7.1±3.2 
in the case of cellular leiomyomas (1–12% of the tumor 
cells), 1.2±0.8 in atypical leiomyomas (0–2% of the tumor 
cells) respectively 45.8±5.8 for leiomyosarcomas (40–55% 
of the tumor cells) (Figure 2, D–F) (Table 2). 
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Figure 1 – (A) Cellular leiomyoma, HE staining, ×100; (B) Atypical leiomyoma, HE staining, ×100; (C) Leiomyosarcoma, 
HE staining, ×100; (D) Leiomyosarcoma, HE staining, ×200. 

 
Figure 2 – (A) Cellular leiomyoma, α-SMA immunostaining, ×100; (B) Atypical leiomyoma, α-SMA immunostaining, 
×100; (C) Leiomyosarcoma, α-SMA immunostaining, ×100; (D) Cellular leiomyoma, Ki67 immunostaining, ×100. 
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Figure 2 (continued) – (E) Atypical leiomyoma, Ki67 immunostaining, ×100; (F) Leiomyosarcoma, Ki67 immuno-
staining, ×100. 

P16 immunostaining was present at nuclear and 
cytoplasmic level in 77.8% of investigated cases, some of 
the cellular leiomyoma being negative (Figure 3, A–C). 
The highest average values of the p16 positivity index 
were present for leiomyosarcomas, with 55.3±6 (50–65% 
of the tumor cells), the reaction being intense and diffuse. 
For leiomyomas, the values were of 36.5±5.3 for the 
cellular variant (30–45% of the tumor cells) and 18±3 in 
the case of atypical cases (15–22% of the tumor cells) the 
reactions being focally and variable intensity (Table 2). 

Immunoreaction for p53 has been identified in the 
nuclei of tumor cells in 55.6% of investigated cases.  
In the case of cellular leiomyomas, the reaction was 
observed in 31.2% of the cases, the labeled tumor cells 
ranging from 14% to 20%, with a mean of 16.4±2.6, 
moderate intensity and focally distribution (Figure 3D). 
For atypical leiomyomas, the reactions were present in 
60% of cases, being focally, moderate/intense in 35–42% 
of the tumor cells with a mean of 38.3±3.5 (Figure 3E). 
Regarding leiomyosarcomas, the immunostaining was 
identified in all cases, being also diffuse, moderate/intense, 
present in 35–50% of tumor cells with an average of 
43.6±5.4 (Figure 3F) (Table 2). 

PR immunoexpression was present in the nucleus  
of tumor cells in 92.6% of the cases, negative reactions 
being identified in two leiomyosarcomas. For leiomyomas, 
diffuse and intense reactions were present in 82–100% 
of the tumor cells in the cellular type and 75–90% for 
atypical lesions, medium values being of 90.6±5.7 
respectively 81±6.5 (Figure 4, A and B). For leiomyo-
sarcomas, the immunoreactions were weak/moderate and 
focal, the number of labeled cells being between 5–12%, 
with a mean of 8.7±2.9 positive cells (Figure 4C) (Table 2). 

In the case of bcl-2 immunoreactivity, the staining was 
identified in the cytoplasm of tumor cells in all analyzed 
leiomyomas, as well as in 33.3% of leiomyosarcomas. 
For leiomyomas, the reaction were diffuse and intense in 
65–80% of tumor cells, average values being of 74.5±6.7 
for cellular type, respectively 70.6±5.7 for atypical lesions 
(Figure 4, D and E). The leiomyosarcomas presented a 
focal reaction, weak to moderate in 15–22% of the tumor 
cells, with a medium value of 18.3±3.5 (Figure 4F) 
(Table 2). 

Statistical analysis revealed significant differences 
of the average positivity values for Ki-67, p16, p53, bcl-2 
and PR in relation to the histology of the lesions 
(p=0.000, ANOVA test). For PR and bcl-2 immuno-
reactions, with close average values in cases of cellular 
and atypical leiomyomas, Student’s t-test indicated 
significant differences depending on the lesion type PR 
(p=0.000), without significant differences for bcl-2 
(p=0.101). 

In addition, there were no significant differences for 
the α-SMA immunoexpression between the different 
types of tumors. In this study, we did not find significant 
differences for the analyzed immunoreactions depending 
on the clinico-pathological parameters of interest, although 
leiomyosarcomas of stage IV had Ki-67 proliferation 
indexes of higher values compared to the lesions in stage IA 
and bcl-2 and PR were negative for these lesions. 

In the case of cellular leiomyomas, the immuno-
phenotype was characterized by high values of PR and 
bcl-2, and low values of p53 and Ki-67. For atypical 
leiomyomas, PR, bcl-2 and p53 presented high expression 
values compared to low values of p16 and Ki-67. 
Leiomyosarcomas immunophenotype was characterized 
by high values of Ki-67, p16 and p53 and decreased 
levels of PR and bcl-2. 

 Discussion 

Literature data indicate a maximum incidence for 
leiomyomas between 40–50 years and for leiomyosarcomas 
of 50–55 years in most of the cases [9, 16]. Also there are 
indicated a series of risk factors for these lesions, which 
are represented by early menarche, nulliparity and obesity 
in the case of leiomyomas, and pelvic radiation and the 
administration of tamoxifen for breast cancer in the case 
of leiomyosarcomas [17–19]. 

In this study, the analyzed group fell within the typical 
clinical patterns of the lesions in the sense that the average 
age of diagnosis for the cellular leiomyomas was of 44.5 
years, for the bizarre ones of 38.7 years and for the 
leiomyosarcomas of 55.4 years, for 33.3% of the patients 
known risk factors have been also identified. Also, with 
a medium mitotic activity of 0.8±0.3/10 HPF for cellular 
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leiomyomas, 1.2±0.3/10 HPF for the atypical leiomyomas 
and of 13.2±3.4/10 HPF for leiomyosarcomas, the presence 
of cellular atypia in case of atypical leiomyomas, and in 
addition of necrosis for leiomyosarcomas; the lesions 
analyzed in this study fell under the criteria elaborated 
by WHO [1] and FIGO [14], regarding both the histo-
pathological analysis and leiomyosarcomas staging. 

During the immunohistochemical analysis, we used 
an anti-α-SMA antibody to confirm the origin of smooth 
muscle tumors, the immunoreactivity pattern being in all 
cases diffuse without differences between lesion types. 

Also, the tumors were investigated in terms of the 
proliferative activity (Ki-67), the disturbance of cell cycle 
(p16, p53, bcl-2) and apoptosis (p53, bcl-2), and also of 
progesterone receptor expression. The literature emphasizes 
in numerous studies, the importance of these pathogenic 
mechanisms in the initiation and evolution of myometrial 
smooth muscle tumors [2, 20–22]. Also, due to the 
heterogeneity of the studied groups, the small number  
of cases and threshold considered positive values for 
different analyzed markers, some results are variable [2, 
6]. 

 
Figure 3 – (A) Cellular leiomyoma, p16 immunostaining, ×100; (B) Atypical leiomyoma, p16 immunostaining, ×100; 
(C) Leiomyosarcoma, p16 immunostaining, ×100; (D) Cellular leiomyoma, p53 immunostaining, ×100; (E) Atypical 
leiomyoma, p53 immunostaining, ×100; (F) Leiomyosarcoma, p53 immunostaining, ×100. 
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Figure 4 – (A) Cellular leiomyoma, PR immunostaining, ×100; (B) Atypical leiomyoma, PR immunostaining, ×100; 
(C) Leiomyosarcoma, PR immunostaining, ×100; (D) Cellular leiomyoma, bcl-2 immunostaining, ×100; (E) Atypical 
leiomyoma, bcl-2 immunostaining, ×100; (F) Leiomyosarcoma, bcl-2 immunostaining, ×100. 

Therefore, Ki-67, expressed by cells in phases G1, 
S, G2/M phases of the cell cycle, is an indicator of 
growth and tumor aggressiveness [23], being used in the 
literature studies [12, 21, 24–26]. In our study, the 
highest Ki-67 proliferation index was present in the case 
of leiomyosarcomas, with an average index of 45.8±5.8, 
followed by cellular and atypical leiomyomas, respectively 
of 7.1±3.2 and 1.2±0.8. In a group of 68 cases, Mills 
et al. indicated an average proliferation index Ki-67 of 
2% in the case of atypical leiomyomas, 3% in the case 
of leiomyomas and 25% in leiomyosarcomas [21]. Also, 
by comparing the proliferative activity of the atypical 
cells with non-atypical ones from symplastic leiomyomas, 

Sun and Mittal revealed the superiority of Ki-67 
proliferation index values in the case of atypical cells 
[24]. In 2001, Mittal et al. indicated a Ki-67 proliferation 
index of at least of 15% in 41.6% of the analyzed leio-
myosarcomas, compared with Ki-67 immunostains ranging 
from 5–10% for 6.6% of leiomyomas, and 85.7% of the 
analyzed potentially malignant stromal tumors (STUMP) 
[12]. 

Among the cell cycle protein, p16 is a negative 
regulator that ensures the cellular crossing from G1 to S 
phase, and p53, the wild form, stops the cell cycle 
crossing in the cells with altered DNA [27]. In this 
study, p16 had the highest expression values for 
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leiomyosarcomas, respectively 55.3±6, while p53 had 
the highest expression for atypical leiomyomas and 
leiomyosarcomas, respectively 38.3±3.5 and 43.6±5.4. 

In the study conducted by Mills, the authors have 
investigated 68 cases of atypical leiomyoma, cellular 
leiomyoma and leiomyosarcomas, regarding the immuno-
expression of some cell cycle markers such as p16, p21, 
p27, and p53, the authors indicating a heterogeneous 
pattern of immunostaining and the inability to differentiate 
between lesions just by utilizing a panel of cell cycle 
markers [21]. In 2009, Sung et al. investigated the immuno-
expression of p16, p53, in a number of 13 cases of atypical 
leiomyomas treated by myomectomy and indicated diffuse 
and intense p16 immunoreactions in 84.6% of cases, and 
p53 positive staining in 38.5% of cases [28]. 

In another study, investigating the differences of 
p16, p53 and Ki-67 immunoexpression in myometrial 
smooth muscle tumors (leiomyomas and variants, STUMP 
and leiomyosarcomas), O’Neill et al. indicated the over-
expression of p16 in the case of leiomyosarcomas, as 
well as statistically significant differences for p53 and 
Ki-67 immunoexpression between leiomyosarcomas and 
other tumor types [25]. Most studies indicate the presence 
of p53 mutations and overexpression in most leiomyo-
sarcomas but not in leiomyoma, except the atypical ones 
where percentages are variable [6, 7, 12, 25]. Therefore, 
in the study conducted by Lee et al. in 2009, where in 
order to asses the positivity status for p53 a threshold 
value was chosen at 50% of the tumor cells, 30% of 
leiomyosarcomas and 0% of the analyzed leiomyomas 
were considered positive [6]. In the same study, the 
authors indicate positivity for p16 in the case of 87% of 
gynecologic leiomyosarcomas and 2% of leiomyomas, 
the positivity threshold being of 50%, which can improve 
the specificity of the reaction [6]. However, in the case 
of threshold value decrease for the positivity of both 
markers, there are studies that indicated varying percen-
tages of positive leiomyomas, but most authors indicate 
diffuse immunoreactions for leiomyosarcomas and focally 
for leiomyomas [6, 11, 29]. These aspects are also present 
in our study, which indicate that there are statistically 
significant differences of immunostaining, even if positivity 
threshold values are much lower. 

In this study, the highest differences in the average 
values of the immunostainings were observed in the 
case of PR and bcl-2, an antiapoptotic protein with roles 
in the regulation of the cell cycle [4, 30]. The highest 
values were present in the case of cellular leiomyomas, 
respectively of 90.6±5.7 for PR and of 74.5±6.7 for bcl-2, 
while atypical leiomyomas presented similar values and 
leiomyosarcomas low values, respectively of 8.7±2.9 for 
PR and of 18.3±3.5 for bcl-2. 

In the literature, there are studies that have examined 
the expression of these proteins in myometrial smooth 
muscle tumors [2, 4, 26, 31, 32]. Therefore, Hewedi 
et al. indicate a low PR expression in leiomyosarcomas, 
while leiomyomas, including atypical ones had intense 
and diffuse reactions [2]. There are also studies, which 
indicate positivity in 40% of leiomyosarcomas, and 
authors that observed a substantial PR reaction in the 
case of leiomyosarcomas associating areas of benign 
leiomyoma, suggesting a possible lesional filiation [26, 

32]. The positivity of leiomyosarcomas to PR is considered 
of a therapeutic impact factor by which the progression of 
these tumors can be controlled [2]. 

Investigating bcl-2 immunoexpression in myometrial 
smooth muscle tumors Bodner et al. found superior 
immunostaining in the case of leiomyomas compared to 
STUMP and leiomyosarcomas, as well as higher bcl-2 
reactions in the case of the leiomyosarcomas without 
vascular invasion and longer survival period, indicating 
that the protein is a positive prognostic factor [31].  
A similar result, as indicated by Leiser et al. in 2006, 
investigated the relationship of the histopathological 
parameters of myometrial smooth muscle tumors with 
markers involved in apoptosis and cell cycle. In addition, 
the authors found a significantly higher positivity status 
leiomyosarcomas compared to leiomyomas for p21, p53 
and bax [22]. 

In 2011, D’Angelo et al. characterized the uterine 
leiomyosarcomas by four parameters represented by the 
size of the tumors, mitotic index and immunoexpression 
of Ki-67, respectively bcl-2 [20]. The authors found that 
lesions under 10cm in size with a mitotic index <20 
MF/10 HPF, negative Ki-67 and positive bcl-2 have a 
better prognosis, with longer survivals [20]. In our study, 
more advanced leiomyosarcomas (IB) were indicated by 
negative PR and bcl-2 immunoreactions, which can 
support the existing data in the literature. 

 Conclusions 

Although positivity threshold values for the analyzed 
markers in this study were low, these proved to be specific 
to differentiate leiomyosarcomas and cellular and atypical 
leiomyomas. The study indicated specific immunopheno-
types for myometrial smooth muscle tumors. Ki-67, p16, 
p53 and PR are useful both to differentiate leiomyo-
sarcomas in relation to different types of leiomyomas and 
for the differentiation of cellular leiomyomas compared 
to atypical leiomyomas. Bcl-2 is useful only to differentiate 
leiomyosarcomas versus leiomyomas, without distingui-
shing between the types of analyzed leiomyomas. The 
panel of antibodies used in this study is useful for histo-
pathological complementary analysis of myometrial leio-
myomas and leiomyosarcomas. 

References 
[1] Tavassoli FA, Devilee P (eds), Pathology and genetics of 

tumours of the breast and female genital organs, World Health 
Organization (WHO) Classification of Tumours, IARC Press, 
Lyon, 2003. 

[2] Hewedi IH, Radwan NA, Shash LS, Diagnostic value of 
progesterone receptor and p53 expression in uterine smooth 
muscle tumors, Diagn Pathol, 2012, 7:1. 

[3] Kempson RL, Hendrickson MR, Smooth muscle, endometrial 
stromal, and mixed Müllerian tumors of the uterus, Mod Pathol, 
2000, 13(3):328–342. 

[4] Zhai YL, Nikaido T, Toki T, Shiozawa A, Orii A, Fujii S, 
Prognostic significance of bcl-2 expression in leiomyosarcoma 
of the uterus, Br J Cancer, 1999, 80(10):1658–1664. 

[5] Mittal KR, Chen F, Wei JJ, Rijhvani K, Kurvathi R, Streck D, 
Dermody J, Toruner GA, Molecular and immunohistochemical 
evidence for the origin of uterine leiomyosarcomas from 
associated leiomyoma and symplastic leiomyoma-like areas, 
Mod Pathol, 2009, 22(10):1303–1311. 

[6] Lee CH, Turbin DA, Sung YC, Espinosa I, Montgomery K, 
van de Rijn M, Gilks CB, A panel of antibodies to determine 
site of origin and malignancy in smooth muscle tumors, Mod 
Pathol, 2009, 22(12):1519–1531. 



Anca Daniela Stănescu et al. 

 

1136 

[7] D’Angelo E, Prat J, Uterine sarcomas: a review, Gynecol 
Oncol, 2010, 116(1):131–139. 

[8] Andersen J, Growth factors and cytokines in uterine leio-
myomas, Semin Reprod Endocrinol, 1996, 14(3):269–282. 

[9] Major FJ, Blessing JA, Silverberg SG, Morrow CP, Creasman WT, 
Currie JL, Yordan E, Brady MF, Prognostic factors in early-
stage uterine sarcoma. A Gynecologic Oncology Group study, 
Cancer, 1993, 71(4 Suppl):1702–1709. 

[10] Oliva E, Clement PB, Young RH, Mesenchymal tumours of 
the uterus: selected topics emphasizing diagnostic pitfalls, 
Curr Diagn Pathol, 2002, 8(4):268–282. 

[11] Atkins KA, Arronte N, Darus CJ, Rice LW, The use of p16  
in enhancing the histologic classification of uterine smooth 
muscle tumors, Am J Surg Pathol, 2008, 32(1):98–102. 

[12] Chen L, Yang B, Immunohistochemical analysis of p16, p53, 
and Ki-67 expression in uterine smooth muscle tumors, Int J 
Gynecol Pathol, 2008, 27(3):326–332. 

[13] Mittal K, Demopoulos RI, MIB-1 (Ki-67), p53, estrogen 
receptor, and progesterone receptor expression in uterine 
smooth muscle tumors, Hum Pathol, 2001, 32(9):984–987. 

[14] Prat J, FIGO staging for uterine sarcomas, Int J Gynaecol 
Obstet, 2009, 104(3):177–178. 

[15] McCluggage WG, Sumathi VP, Maxwell P, CD10 is a 
sensitive and diagnostically useful immunohistochemical 
marker of normal endometrial stroma and of endometrial 
stromal neoplasms, Histopathology, 2001, 39(3):273–278. 

[16] Wise LA, Palmer JR, Stewart EA, Rosenberg L, Age-specific 
incidence rates for self-reported uterine leiomyomata in the 
Black Women’s Health Study, Obstet Gynecol, 2005, 105(3): 
563–568. 

[17] Faerstein E, Szklo M, Rosenshein N, Risk factors for uterine 
leiomyoma: a practice-based case-control study. I. African-
American heritage, reproductive history, body size, and 
smoking, Am J Epidemiol, 2001, 153(1):1–10. 

[18] Meredith RF, Eisert DR, Kaka Z, Hodgson SE, Johnston GA Jr, 
Boutselis JG, An excess of uterine sarcoma after pelvic 
irradiation, Cancer, 1986, 58(9):2003–2007. 

[19] Yildirim Y, Inal MM, Sanci M, Yildirim YK, Mit T, Polat M, 
Tinar S, Development of uterine sarcoma after tamoxifen 
treatment for breast cancer: report of four cases, Int J 
Gynecol Cancer, 2005, 15(6):1239–1242. 

[20] D’Angelo E, Espinosa I, Ali R, Gilks CB, Rijn Mv, Lee CH, 
Prat J, Uterine leiomyosarcomas: tumor size, mitotic index, 
and biomarkers Ki67, and Bcl-2 identify two groups with 
different prognosis, Gynecol Oncol, 2011, 121(2):328–333. 

[21] Mills AM, Ly A, Balzer BL, Hendrickson MR, Kempson RL, 
McKenney JK, Longacre TA, Cell cycle regulatory markers in 
uterine atypical leiomyoma and leiomyosarcoma: immuno-
histochemical study of 68 cases with clinical follow-up, Am J 
Surg Pathol, 2013, 37(5):634–642. 

[22] Leiser AL, Anderson SE, Nonaka D, Chuai S, Olshen AB, 
Chi DS, Soslow RA, Apoptotic and cell cycle regulatory 
markers in uterine leiomyosarcoma, Gynecol Oncol, 2006, 
101(1):86–91. 

[23] Cattoretti G, Becker MH, Key G, Duchrow M, Schlüter C, 
Galle J, Gerdes J, Monoclonal antibodies against recombinant 
parts of the Ki-67 antigen (MIB 1 and MIB 3) detect proli-
ferating cells in microwave-processed formalin-fixed paraffin 
sections, J Pathol, 1992, 168(4):357–363. 

[24] Sun X, Mittal K, MIB-1 (Ki-67), estrogen receptor, progeste-
rone receptor, and p53 expression in atypical cells in uterine 
symplastic leiomyomas, Int J Gynecol Pathol, 2010, 29(1): 
51–54. 

[25] O’Neill CJ, McBride HA, Connolly LE, McCluggage WG, 
Uterine leiomyosarcomas are characterized by high p16, p53 
and MIB1 expression in comparison with usual leiomyomas, 
leiomyoma variants and smooth muscle tumours of uncertain 
malignant potential, Histopathology, 2007, 50(7):851–858. 

[26] Mittal K, Joutovsky A, Areas with benign morphologic and 
immunohistochemical features are associated with some 
uterine leiomyosarcomas, Gynecol Oncol, 2007, 104(2):362–
365. 

[27] Agarwal P, Sandey M, DeInnocentes P, Bird RC, Tumor 
suppressor gene p16/INK4A/CDKN2A-dependent regulation 
into and out of the cell cycle in a spontaneous canine model 
of breast cancer, J Cell Biochem, 2013, 114(6):1355–1363. 

[28] Sung CO, Ahn G, Song SY, Choi YL, Bae DS, Atypical 
leiomyomas of the uterus with long-term follow-up after 
myomectomy with immunohistochemical analysis for p16INK4A, 
p53, Ki-67, estrogen receptors, and progesterone receptors, 
Int J Gynecol Pathol, 2009, 28(6):529–534. 

[29] Gannon BR, Manduch M, Childs TJ, Differential immuno-
reactivity of p16 in leiomyosarcomas and leiomyoma variants, 
Int J Gynecol Pathol, 2008, 27(1):68-73. 

[30] Williams GT, Programmed cell death: apoptosis and onco-
genesis, Cell, 1991, 65(7):1097–1098. 

[31] Bodner K, Bodner-Adler B, Kimberger O, Czerwenka K, 
Mayerhofer K, Bcl-2 receptor expression in patients with 
uterine smooth muscle tumors: an immunohistochemical 
analysis comparing leiomyoma, uterine smooth muscle tumor 
of uncertain malignant potential, and leiomyosarcoma, J Soc 
Gynecol Investig, 2004, 11(3):187–191. 

[32] Bodner K, Bodner-Adler B, Kimberger O, Czerwenka K, 
Leodolter S, Mayerhofer K, Estrogen and progesterone 
receptor expression in patients with uterine leiomyosarcoma 
and correlation with different clinicopathological parameters, 
Anticancer Res, 2003, 23(1B):729–732. 
 
 

 
 
 
 
 
 
Corresponding author 
Alex Emilian Stepan, University Assistant, MD, PhD, Department of Pathology, University of Medicine and Pharmacy 
of Craiova, 66 1 May Avenue, 200628 Craiova, Romania; Phone/Fax +40251–599 228, e-mail: astepan76@yahoo.com 
 
 
 
 
 
 
Received: April 21, 2014 

Accepted: October 16, 2014 
 
 


