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Abstract: Uterine smooth muscle tumors constitute a spectrum of neoplasms. Diagnosis of leiomyomas (LMs) is usually straight forwards; however, atypi-
cal leiomyomas (ALMs) and smooth muscle tumors of uncertain malignant potential (STUMPs) have overlapping features and need to be distinguished from 
leiomyosarcoma. To evaluate progesterone receptor (PR), epithelial growth factor receptor (EGF-R), and galectin-3 expression in LMs, ALMs, STUMPs, and 
leiomyosarcomas and to assess their possible role in differentiating those tumors. Immunoexpression of EGF-R, PR, and galectin-3 were studied in 44 cases of 
uterine smooth muscle tumors through retrospective study. Studied cases included 20 LM, 9 ALM, 5 STUMP, and 10 leiomyosarcomas. A semiquantitative score 
was used to evaluate immunohistochemical staining. EGF-R overexpression was detected in leiomyosarcomas while a lack of or reduced EGF-R expression was 
observed in the nonsarcomatous group (LMs, ALMs, and STUMPs) with a highly significant difference. On the contrary, there was weak or negative PR staining in 
leiomyosarcomas compared to intense PR expression in the nonsarcomatous group with a highly significant difference. Meanwhile, galectin-3 was downregulated 
in leiomyosarcomas compared to the nonsarcomatous group with a significant difference. Correlation analysis revealed negative correlation between EGF-R and 
PR expression with significant statistical results while correlation of galectin-3 with EGF-R and PR showed insignificant statistical results. Immunoexpression of 
EGF-R, PR, and galectin-3 could help differentiate challenging cases of uterine smooth muscle tumors. Further studies are recommended to investigate interactions 
between EGF-R, PR, and galectin-3 and to plan new therapeutic strategies.
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Introduction

Uterine smooth muscle tumors (SMTs) are common 
gynecologic neoplasms (1). With regard to mitotic rate, 
tumor necrosis, and degree of nuclear atypia, uterine 
SMTs are divided into leiomyomas (LMs), mitotically 
active leiomyomas, atypical or symplastic leiomyomas, 
smooth muscle tumors of uncertain malignant potential 
(STUMPs), and leiomyosarcomas (LMSs) (2). Some 
LM cases, though benign, for example cellular leio-
myoma, atypical leiomyoma (leiomyoma with bizarre 
nuclei) (ALM), and mitotically active leiomyoma, 
may exhibit unusual morphological, sometimes over-
lapping, features with leiomyosarcoma (3, 4). Uterine 
smooth muscle tumors of uncertain malignant potential 
(STUMPs) are uncommon neoplasms with uncertain 
biological behavior. This category requires accurate 
interpretation, as a wrong diagnosis leads to different 
therapeutic and follow-up procedures (3). Variations 
in interpretation and subjective identifications of some 
histological features (proliferative activity measured by 
presence or absence of mitotic figures and its number, 
presence or absence of necrosis and its type) have resul-
ted in introducing potential diverse diagnostic criteria 
for uterine SMTs (4). Thus, it would be valuable to mini-

mize misinterpretation and develop adjunct methods to 
evaluate problematic cases and to differentiate equivocal 
cases of leiomyoma from STUMP and leiomyosarcoma 
for the optimal management of patients (4). Growth and 
development of uterine SMTs have been shown to be 
crucially influenced by steroid hormones and growth 
factors and/or their receptors (5, 6). It is generally ac-
cepted that leiomyomas grow hormone dependent, with 
estrogen receptor (ER) and progesterone receptor (PR) 
expression being reported in literature (7,8). Regulation 
of growth factor gene expression may be mediated by 
estrogen and progesterone, and this regulation changes 
other genes’ transcription (9). Regional production of 
growth factors is said to mediate steroids’ mitogenic 
action on their target organs through paracrine and/or 
autocrine mechanisms (6). Epidermal growth factor re-
ceptor (EGF-R) is a transmembrane cell surface recep-
tor and is one of four members of the ErbB receptor fa-
mily. EGF-R is implicated in the pathogenesis of seve-
ral disease processes, such as oncogenesis, and is linked 
to poor prognosis in several malignant neoplasms (10). 
Abnormal EGF-R expression was detected in many 
tumor types, and anti-EGFR antibodies have been re-
cently used as a part of targeted therapy in patients with 
abnormal EGF-R expression (11). Galectins can regu-
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late epithelial morphogenesis and signal transduction 
(12). Galectin-3 is usually present in the nucleus and 
cytoplasm and could be found in extracellular matrix in 
particular conditions (13.14). Galectin-3 was assumed 
to have a correlation with tumor progression and distant 
spread (15, 16). Both galectin-3 nuclear and cytoplas-
mic expression were correlated with vascular invasion 
(14). Galectin-3 expression in malignant tumors was 
assumed to have a dynamic state ranging from low to 
high levels according to stage of invasion and ending 
in low levels at the final stage of metastasis facilitating 
tumor progress and metastasis. However, galectin-3 
may show anticancer properties (17, 18). Therefore, 
galectin-3 overexpression was demonstrated in many 
types of malignant neoplasms and was correlated with 
tumor progress and metastasis, yet galectin-3 downre-
gulation was also correlated with malignant transfor-
mation in other malignant tumor types (17). Abnormal 
galectin-3 expression and its prognostics role seem to 
be dependent on tumor type (19).  Increased galectin-3 
expression was associated with fibrosis and malignancy 
in thyroid nodules (20). Galectin-3 overexpression was 
correlated with poor outcome in some tumors, such as 
colon carcinoma, and prostatic carcinoma, while it was 
linked with favorable outcome in others, such as gastric 
carcinoma. No or conflicting results are available about 
many other tumor types (12, 14, 19). Galectins have 
reliable capacity for distinguishing leiomyomas from 
leiomyosarcomas (21). The ErbB protein family is asso-
ciated with genes like galectin-1 and galectin-3, which 
are involved in cell-matrix interactions (22, 23). EGF-R 
and galectin-3 immunoexpression, together with other 
several markers, could help recognize high risk serous 
ovarian carcinomas (10). Cui et al (24), reported that 
knockdown of galectin-3 in esophageal squamous can-
cer cells (which show EGF-R overexpression) lead to 
enhancement of the gefitinib (an EGFR-tyrosine kinase 
inhibitor) therapeutic effect on these tumor cells, as lack 
of galectin-3 impairs the EGF-R endocytosis. On the 
other hand, total lack of galectin-3 strongly increased 
EGF-R surface expression in pancreatic cancer cells 
(13, 14). Galectin-3 and galectin-1mediate production 
and metabolism of progesterone in the luteal cells of the 
mouse's ovary (25). Galectin-3 expression was found 
to be upregulated by progesterone in endometrial cells 
leading to a lower rate of apoptosis (26, 27). Therfore, 
The final diagnosis of uterine SMTs may be supported 
by immunohistochemical studies of some steroid hor-
mone receptors, oncoproteins, and galectin (1, 28). The 
aim of this study was to evaluate pathological features 
of uterine SMTs and to correlate immunohistochemical 
evaluation for diagnostic and therapeutic purposes.

Materials and Methods

Patients
This retrospective study included 44 cases of uterine 

smooth muscle tumors. They were retrieved from  the  
archives  of  the  pathology  departments  of  Three Uni-
versity  teaching  hospitals Al- Madina Maternity and 
Children’s Hospital, Saudi Arabia; Faculty of Medicine, 
Cairo University, Egypt; and Faculty of Medicine, Al 
Minia University, Egypt—acquired from 2013 till 2015. 
The study was approved by the local ethics committee 

and was performed in accordance with the Declaration 
of Helsinki and Good Clinical Practice Guidelines.

Pathological diagnosis and immunohistochemical  
staining

The specimens were anonymous for confidentiality 
and replaced by numbers. Specimens with marked de-
generation or necrosis were excluded. The main limita-
tion was the relatively small number of leiomyosarcoma 
and STUMP cases compared to leiomyoma cases in the 
same time period. Accordingly, cases included leiomyo-
mas (n = 20), atypical leiomyomas (n = 9), STUMPs (n 
= 5), and leiomyosarcomas (n = 10). The study was car-
ried out with full local ethics approval. Paraffin blocks 
of selected cases were cut at 5 μm thickness, mounted 
on glass microslides, and processed for hematoxylin 
and eosin staining. The cases were reviewed blindly 
by two independent histopathologists and assigned for 
histological diagnosis according to the following cri-
teria: tumors with 10 or more mitotic figures (MF)/10 
high-power fields (HPF) and diffuse moderate to severe 
atypia were diagnosed as leiomyosarcomas. Also, any 
tumor showing coagulative necrosis with diffuse mode-
rate to severe atypia and any level of MF/10 HPF or 
with none to mild atypia and 10 or more MF/ 10 HPF 
was diagnosed as leiomyosarcoma. Tumors with less 
than 10 MF/10 HPF and diffuse moderate to severe aty-
pia were diagnosed as STUMPs. Tumors with less than 
5 MF/10 HPF and focal or diffuse moderate to severe 
atypia were diagnosed as atypical leiomyomas. Tumors 
without atypia and less than 5 MF/10 HPF were dia-
gnosed as leiomyomas (29).

For immunohistochemical staining, tissue sections 
were cut from paraffin blocks at 3-5 μm and mounted 
onto poly-L-lysine-coated slides. Deparafinization was 
done in xylene for 15 min followed by rehydration in 
descending grades of ethanol (100%,90%,  70%, 50%) 
followed by washing twice in phosphate buffer saline 
(PBS) (pH 7.6). Endogenous peroxidase activity was 
inhibited by incubation with 3% hydrogen peroxide for 
5 minutes followed by washing twice in PBS (pH 7.6). 
For antigen retrieval, slides were immersed in 10 mm 
sodium citrate buffer pH (6.0) and were twice pretrea-
ted by microwaving (800 W) for 4 and then 8 minutes, 
after cooling, the sections were washed twice in PBS 
(pH 7.6). Protein blocking was performed by incuba-
ting tissue sections with diluted normal serum (150 μL 
horse serum in 10 ml PBS; Vector Laboratories, Burlin-
game, CA, USA) for 20 minutes at room temperature to 
prevent nonspecific binding of the primary antibodies. 
Immunostaining was performed using ready- to-use 
antibodies, rabbit monoclonal antiprogesterone receptor 
(PR) (1E2) antibody (Ventana, CA, USA, Cat # 790-
2223) incubated for 16 minutes at 36°C, rabbit mono-
clonal anti-EGFR L858R (SP125) antibody (Ventana, 
CA, USA, Cat # 790-4649) incubated for 24 minutes at 
36°C, and mouse monoclonal anti-galectin-3 (9C4) an-
tibody (Cell Marquo, CA, USA, Cat #760-4256) incu-
bated for 32 minutes at 37° C. Reactivity was visualized 
using Ventana Ultra View Universal DAB detection kits 
(ready-to-use) according to the manufacturer’s instruc-
tions. Sections were counterstained with Mayer’s aci-
dic haematoxylin for 1-2 minutes and then dehydrated 
in ascending ethanol grades (70%, 80%, 90%, 100%). 
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Results

Immunostaining histological examination of uterine 
smooth muscle tumors

 EGF-R in all LMS cases showed strong cytoplasmic 
expression, (mean IRS = 7.40 ± 3.02; Figure 1.D) while 
negative EGF-R expression was noted in 18 out of 20 
LM cases (mean IRS = 0.040 ± 0.69; Figure 1.A). The 
ALMS (Figure 1.B) and STUMPs (Figure 1.C) showed 
negative or weak EGF-R expression (IRS was 1+ or 0) 
with a mean IRS of 0.40 ± 0.548 for STUPMs and 0.05 
± 0.224 for ALMs. The EGF-R expression showed a 
highly significant difference between  the leiomyosar-
coma group (mean IRS = 7.40 ± 3.02) and the nonsar-
comatous group (LMs, ALMs, and STUMPs) (mean 
IRS = 0.08 ± 0.28; p < 0.001; Table 1 and Figure 2).On 
the contrary, the nonsarcomatous group (LMs, ALMs, 
and STUMPs) showed a strong PR nuclear expression 
(mean IRS = 2.85 ±  0.500) (Figure 1.I, 1.J, 1.K) while 
the LMSs were either negative (Figure 1. L) or weakly 
stained for PR, and one case showed moderate nuclear 
PR expression (mean IRS = 0.40 ± 0.699). The PR ex-
pression showed a highly significant difference between 
the nonsarcomatous group and the LMSs (p < 0.001) 
and among LMSs in comparison to each LM, ALM, 
and STUMP cases (p < 0.001; Table 1 and Figure 2).  
Leiomyosarcomas revealed downregulated cytoplasmic 
galectin-3 (Gal-3) expression (mean IRS = 0.20 ± 0.42; 
Figure 1.H) compared to the LMs (mean IRS = 6.40 
± 3.05).  There was a significant difference between 
LMSs and the nonsarcomatous group LMs, ALMs, and 
STUMPs (Figure 1.E, 1.F, 1.G), (p <0.01; Table 1 and 
Figure 2).

After xylene treatment, the slides were mounted and 
cover glasses were put onto them. Suitable negative and 
positive controls were performed. Negative control was 
done by using PBS instead of the primary antibody. Po-
sitive control was done using sections of positive breast 
carcinoma for antiprogesterone receptor  (PR) (1E2), 
sections from lung adenocarcinoma for anti-EGFR 
L858R (SP125), and sections from  papillary thyroid 
carcinoma for antigalectin-3 (9C4).

Anti-PR, anti-EGFR, and antigalectin-3 immuno-
histochemical staining results were evaluated using the 
semi-quantitative International Remmele Score (IRS) 
(30, 31). The IRS scoring consists of optical staining 
intensity and distribution or percentage of positively 
stained cells. The optical staining intensity was graded 
as 0 = no, 1 = weak, 2 = moderate, and 3 = strong. Dis-
tribution or percentage of positively stained cells was 
scored as follows: 0 = no staining, 1 = <10% of cells, 
2 = 11%-50% of cells, 3 = 51%–80% of cells, and 4 
=>81% of cells. Tissue sections were examined by two 
independent observers, and the images were captured 
using an image analyzer (Leica Q Win standard digital 
camera CH-9435 DFC 290, coupled with photomicros-
cope, Germany).

Statistical analysis
The nonparametric Mann-Whitney U test was 

used to evaluate the results. Estimation of correlations 
between EGF-R, PR, and galectin-3 was done using the 
nonparametric Spearman correlation coefficient (IBM 
SPSS, New York, NY, USA). Results were considered 
statistically significant with P values of less than 0.05 
and highly significant with P values of less than 0.01.

Figure1. Photomicrographs of the currently studied antibodies' expression in uterine smooth muscles tumor cases. Leiomyoma showing nega-
tive immunoreactivity to EGF-R (×200) (A); atypical leiomyoma showing negative immunoreactivity to EGF-R (×200) (B); STUMP showing 
weak cytoplasmic immunoreactivity to EGF-R (×400) (C); leiomyosarcoma showing strong cytoplasmic immunoreactivity to EGF-R (×400) 
(D); lung adenocarcinoma as a positive control  for EGF-R(×400) (a); LMS as a negative control for EGF-R (×200) (b);  leiomyoma showing 
strong cytoplasmic immunoreactivity to galectin-3 (×200) (E); atypical leiomyoma showing strong cytoplasmic immunoreactivity to galectin-3 
(×200) (F); STUMP showing weak cytoplasmic immunoreactivity to galectin-3 (×400) (G); leiomyosarcoma showing negative immunoreac-
tivity to galectin-3 (×200) (H); thyroid papillary carcinoma as a positive control  for galectin-3(×400)  (c); leiomyoma as a negative control 
for galectin-3(×200) (d);  leiomyoma showing strong nuclear immunoreactivity to PR (×400) (I); atypical leiomyoma showing strong nuclear 
immunoreactivity to PR (×400) (J); STUMP showing strong nuclear immunoreactivity to PR (×400) (K); and leiomyosarcoma showing negative 
immunoreactivity to PR (×200) (L); breast carcinoma as a positive control  for PR(×400)  (e); leiomyoma  as a  negative control for PR (×200) (f).
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Correlation analysis
Correlation analysis between the nonsarcomatous 

cases and leiomyosarcoma cases revealed a significant 
negative correlation between EGF-R and PR expression 
(Spearman r = - 0.481 in leiomyosarcoma cases and 
- 0.623 in nonsarcomatous cases, p = 0.05 and 0.000, 
respectively; Table 2). Further subgroup analysis wit-
hin the tumoral cases revealed that EGF-R correlated 
positively with Gal-3 expression in the leiomyosarcoma 
group (Spearman r =0.089, p = 0.808) and negatively 
correlated in the nonsarcomatous group (Spearman r= 
- 0.135, p = 0.446); both were statistically insignificant 
(table, 3). Progesterone receptor expression correlated 
positively with Gal-3 expression in the leiomyosarcoma 
group (Spearman r= 0.323, p = 0.363) and negatively 

correlated in the nonsarcomatous group (Spearman= r 
- 0.150, p = 0.397); both were statistically insignificant 
(Table 4).

Discussion

As standard chemotherapeutic regimens have been 
of limited value in uterine sarcomas; researchers need to 
develop new therapeutic agents via investigating biolog-
ical factors (32). In the present study, expression of PR, 
EGF-R and galectine-3 was examined through immuno-
histochemistry in patients with LMs, ALMs, STUMPs, 
and LMSs. Regarding the steroid receptor status of uter-
ine smooth muscle tumors, , Hewedi et al (1) demon-
strated  intense PR expression in 100% of leiomyomas 
and atypical leiomyomas, with marked decrease in leio-
myosarcomas In addition, progesterone receptors were 
reported to be expressed in 100% of leiomyomas and in 
96% of atypical leiomyomas compared to 47% of leio-
myosarcomas (33). Our findings were consistent with 
these results, as there was increased nuclear PR immu-
noreactivity in the nonsarcomatous group compared to 
the leiomyosarcoma group with significant statistical 
relation. Regarding EGF-R expression, we observed 
immunohistochemical cytoplasmic staining for EGF-R, 
which was more intense with increased numbers of pos-
itively staining cells in the leiomyosarcomas compared 
to the nonsarcomatous uterine smooth muscle tumors 
with a highly significant statistical relation. Support-
ing our findings, Sanci et al (32) documented mild to 
moderate EGF-R expression in leiomyoma cases and 
moderate EGF-R expression in cellular leiomyoma 
cases compared to marked EGF-R expression in leio-
myosarcoma cases.  Nevertheless, Anderson et al (30) 
demonstrated no difference between EGF-R expression 
in uterine leiomyosarcoma and leiomyoma cases. This 
report revealed decreased cytoplasmic galectin-3 im-
munoreactivity in the leiomyosarcoma group compared 
to the nonsarcomatous group with significant difference 
between the two groups. These findings were consistent 
with that of Schwarz et al (34), who found that galec-
tin-3 binding sites in leiomyosarcomas are of weaker 
concentration than in leiomyomas. Additionally, galec-
tin-3 downregulation was observed in leiomyosarcoma 
cases compared to leiomyoma cases and myometrium 
samples (35). The current findings showed a significant 
negative correlation between EGF-R and PR in leio-
myosarcoma cases and nonsarcomatous cases. These 
findings were in agreement with that of Lusby et al (36), 
who demonstrated that uterine leiomyosarcoma cases 
compared to non-neoplastic controls, including myom-
terium and leiomyoma cases, exhibited loss of PR ex-
pression and EGF-R overexpression. In contrast, other 
report demonstrated that EGF-R levels showed neither 
menstrual cycle variation nor a differential level of ex-

Figure 2. Epidermal growth factor receptor (EGF-R) showed 
higher immunoexpression in LMS compared to non sarcomatous 
group (STUMP, ALM, LM) ,while galectin-3 (Gal- 3), and pro-
gesterone receptor (PR) immunoexpression were higher in  in non 
sarcomatous group (STUMP, ALM, LM) compared to LMS cases 
among the studied uterine smooth muscle tumors.

PR EGF-R r P value
Leiomyosarcoma 0.40 ± 0.699 7.40 ± 3.02 - 0.481 0. 05
Nonsarcomatous 

group 2.85 ± 0.500 0.08 ± 0.28 - 0.623 0.000

Table 2. Correlation between progesterone receptor (PR) and epi-
dermal growth factor receptor (EGF-R) immunoexpression in stu-
died uterine smooth muscle tumors.

EGF-R Gal-3 r P value
Leiomyosarcoma 7.40 ± 3.02 0.20 ± 0.42 0.089 0.808
Nonsarcomatous 

group 0.08 ± 0.28 6.05 ± 2.99 -0.135 0.446

Table 3. Correlation between epidermal growth factor receptor 
(EGF-R) and galectin-3 (Gal-3) immunoexpression in studied ute-
rine smooth muscle tumors.

PR Gal-3 r P value
Leiomyosarcoma 0.40 ± 0.69 0.20 ± 0.42 0.323 0.363
Nonsarcomatous 

group 2.85 ± 0.500 6.05 ± 2.99 - 0.150 0.397

Table 4. Correlation between progesterone receptor (PR) and 
galectin-3 (Gal-3) immunoexpression in studied uterine smooth 
muscle tumors.

Leiomyosarcoma Nonsarcomatous 
group P value

EGF-R 7.40 ± 3.02 0.08± 0.28 0.001
PR 0.40 ± 0.699 2.85 ± 0.500 0.001

Gal-3 0.20 ± 0.42 6.05 ± 2.99 0.01

Table 1. Immunoexpression of epidermal growth factor receptor 
(EGF-R), progesterone receptor (PR), and galectin-3 (Gal-3) in 
studied uterine  smooth muscle tumors.
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pression in leiomyoma and myometrium (9). This might 
be caused by variations in antibody content. Addition-
ally, immunocytochemical analysis demonstrated that 
the treatment with progesterone did not augment EGF-
R expression in the leiomyoma cells compared to that in 
untreated leimyoma cells (37).  Weissenbacher et al. (28) 
reported that activated EGF-R through phosphorylation 
showed a negative correlation between pEGFR-Y845 
and galectin-3 expression in leiomyomas and leiomyo-
sarcomas but not in myometrial samples. The current 
study found that EGF-R showed a positive correlation 
with galectin-3 expression in leiomyosarcoma cases 
and negative correlation with galectin-3 expression in 
nonsarcomatous group cases with insignificant statisti-
cal relation. This could be explained by the difference 
between EGF-R used in Weissenbacher's study (28), 
which was in an activated form from the one used in the 
present study. Also, this could be due to a small sample 
size in our study raising the need for further study on 
larger case series. To the best of our knowledge, this is 
the first study to correlate progesterone expression with 
galectin-3 expression in uterine smooth muscle tumors 
except for a study by Kayser et al (21), who examined 
several antibodies' expression including progesterone 
receptor and galectin-3 expression in 10 cases of benign 
metastasizing leiomyoma and found strong progester-
one receptor expression in 70% of cases and moderate 
galectin-3 expression in 90% of cases. We reported a 
positive correlation of progesterone receptor with ga-
lectin-3 in leiomyosarcoma cases and a negative cor-
relation with galectin-3 in nonsarcomatous group cases 
with insignificant statistical relation. In conclusion, the 
present findings are very promising in distinguishing 
leiomyosarcomas from other nonsarcomatous uterine 
smooth muscle tumors, especially those with overlap-
ping features applying multiple immune markers in 
challenging cases to reach an accurate diagnosis. They 
should be confirmed by other further studies. Also, it 
is crucial to further plan for therapeutic strategies and 
apply progesterone receptor modulators and EGF-R 
blocking antibodies in these tumors. Additionally, some 
conflicting results related to galectin-3 expression may 
be related to racial, genetic variations or differences in 
methodology.
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