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Abstract

Differentiation between endometrial stromal sarcomas (ESSs) and smooth muscle tumors of the
uterus can be challenging. Transgelin, a 22 kDa actin-binding protein has recently been shown to
be a smooth muscle specific marker. The goal of this study was to determine whether transgelin
could accurately distinguish ESSs from smooth muscle tumors.

The expression of transgelin, CD10 and smooth muscle actin (SMA) in 13 ESSs (4 low grade, 6
undifferentiated and 3 metastatic), 9 smooth muscle tumors (1 leiomyoma and 8 leiomyosarcomas
(LMSs) and 15 soft tissue LMSs was studied. The diagnostic performance of transgelin compared
to the other smooth muscle markers was assessed.

Transgelin was diffusely strongly positive in all myometria, leiomyoma, and uterine and soft
tissue LMSs. In contrast, transgelin expression was totally absent in all endometria, primary and
metastatic ESSs. SMA positivity was noticed in 4 of the 13 ESSs. CD10 was positive in most
ESSs.

Transgelin appears to be a specific marker of smooth muscle differentiation in the uterus with
100% sensitivity and specificity and may be useful for distinguishing LMS from ESS. It could be
used as an additional marker useful for decision making, especially in those tumors with
questionable histology.
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[. Introduction

Uterine sarcomas are rare mesenchymal neoplasms that comprise about 7% of all soft tissue
tumors and up to 3% of uterine malignancies.!-2 Excluding carcinosarcomas (Malignant
Mixed Millerian Tumors), endometrial stromal sarcoma (ESS) and leiomyosarcoma (LMS)
represent the majority of this group of tumors.2:3 Traditionally ESS has been categorized
into low and high grade tumors based on mitotic activity and the morphologic resemblance
of the tumor to endometrial stroma.3-> Currently, the World Health Organization (WHO)
classifies these tumors into low grade and undifferentiated sarcomas.3 Low grade ESSs are
composed of neoplastic cells that still resemble the normal, benign proliferative
endometrium but with definite evidence of myometrial invasion in the characteristic “finger-
like” infiltrative pattern.8.” They are also known to frequently have lympho-vascular
invasion.®7 In contrast undifferentiated ESSs lack evidence of endometrial stromal
differentiation and are clinically more aggressive.3 Recent studies have shown that some of
the undifferentiated ESSs have an immunohistochemical and molecular profile that overlaps
with that of low grade ESS.810 The authors of these studies argue the need for the
reclassification of ESS into the current low grade ESS and the splitting of undifferentiated
ESS into high grade ESS because of evidence of lower grade component in the tumor and
the truly undifferentiated ESS.

The morphologic distinction between ESS and LMS is not straightforward and at times has
been shown to be challenging with poor reproducibility. The use of immunohistochemistry
with a battery of markers including smooth muscle actin (SMA), desmin, actin, h-caldesmon
and CD10 have been proposed to be of value.19-15 However, the current
immunohistochemical (IHC) panel has been shown to be not entirely specific and less
helpful in this regard.12-14.16.17 Transgelin, a 22 kDa actin-binding protein of the calponin
family is a novel marker that recently has been shown to correlate with smooth muscle
differentiation.18-21 The promoter of the gene is the target of the transcriptional activator
serum response factor of which myocardin acts as a cofactor.2! By using gene expression
profiling, studies have shown that transgelin was one of the most promising markers for the
leiomyosarcomatous differentiation. A recent gene expression signature study demonstrated
an overexpression of several genes including transgelin in LMS as compared to ESS
confirming molecular differences between uterine ESS and LMS.22

The goal of this study was to determine if transgelin, a smooth muscle-specific marker,
could accurately distinguish ESS from uterine smooth muscle tumors and LMS from other
body sites.

[l. Methods

This retrospective study was approved by the institutional review committee at the
University of Kansas Medical Center. A total of 37 patients diagnosed between 2002 and
2012 were studied. These are composed of 13 ESSs, 1 uterine leiomyoma, 8 uterine LMSs
and 15 extra utering, soft tissue LMSs. All tumors were graded using the WHO grading
system.
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At diagnosis, tissue blocks containing the most representative and well-preserved tumor
areas were selected for IHC analysis. Immunohistochemistry was performed on tissue fixed
with 10% neutral buffered formalin. IHC analyses for transgelin (Anti-SM22 alpha antibody
(ab14106); pre-treatment: citrate antigen retrieval in the Biocare pressure cooker; dilution:
1:3000; source: abcam, Cambridge, Massachusetts), CD10 (clone 56C6; pre-treatment: CC1,
prediluted; source: Cell Marque, Rocklin, California) and SMA (clone: 1A4; pre-treatment:
CC1, prediluted; source: Cell Marque, Rocklin, California) were performed.

Positive IHC reactions were defined as dark brown reaction positive cytoplasmic staining
for transgelin and SMA and dark brown reaction on the cell membrane for CD10 in at least
5% of the marked lesional cells. Positivity was further divided into focal (<50% cells
labeled) and diffuse (>50% cells labeled) patterns. The diagnostic performance of transgelin
was assessed in terms of sensitivity, specificity and accuracy. It was first evaluated for the
diagnosis of LMS and then was compared with ESS. We did not calculate P-value in case of
diagnostic performance because of the superiority of transgelin over the other markers in
differentiating LMS from ESS.

[1l. Results

A total of 37 patients diagnosed between 2002 and 2012 were studied. These are composed
of 13 ESSs, 1 uterine leiomyoma, 8 uterine LMSs and 15 extra uterine, soft tissue LMSs.
The ESS group included 4 low-grade ESSs, 6 undifferentiated ESSs and 3 metastatic
tumors; one to kidney, one to colon and one to lung. The mean age of the ESS patients was
59.8 years (range 25 to 86), the age of the uterine leiomyoma patient was 42, the mean age
of the uterine LMS patients was 56.1 (range 29 to 75) and the mean age of the non-GYN
soft tissue LMS patients was 62.3 (range 38 to 91).

Tables 1 and 2 show patterns of positivity for transgelin, CD10 and SMA in the
gynecologic/uterine (GYN) and non-GYN, soft tissue smooth muscle tumors. Transgelin
was the most consistently expressed marker (positive in 100% of cases). Smooth muscle
actin was also expressed in most of the tumors studied for this marker but with variable
intensity between tumors. Fig. 1 shows positive staining pattern for transgelin in normal
myometrium (Fig. 1A), leiomyoma (Fig. 1B), GYN LMS (Fig. 1C) and non-GYN LMS
(Fig. 1D). There was no difference in staining intensity between normal myometrium and
benign or malignant smooth muscle tumors. Also there was no difference in staining
intensity between GYN and non-GYN LMSs.

Table 3 shows patterns of positivity for Transgelin, CD10 and SMA in the ESSs. Contrary to
smooth muscle tumors, transgelin was consistently not expressed in any of the ESSs studied.
As expected, CD10 was expressed in most of the ESSs. Cases with absent or decreased
CD10 expression belonged to the undifferentiated ESS group (2 of 6 cases). SMA was noted
in 4 of the 13 ESSs studied. Figures 1A, 2A and 2B show lack of transgelin expression in
normal endometria (Fig. 1A), low grade ESS (Fig. 2A) and undifferentiated ESSs (Fig. 2B).
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V. Discussion

The primary goal of this study was to evaluate the diagnostic accuracy of transgelin in
effectively distinguishing ESSs from uterine smooth muscle tumors. Transgelin appears to
be a specific marker of smooth muscle differentiation in the uterus and other non-GY N sites
with 100% sensitivity and specificity.1822 It could be a useful marker for decision making,
especially in those tumors with questionable histology and immunophenotype. Transgelin
was consistently overexpressed in hormal myometrium and all smooth muscle tumors
(leiomyoma and LMS) studied. All ESSs studied were negative for transgelin or with less
than 5% weak expression. SMA positivity was noticed in 4 of the 13 ESSs. Of interest, none
of the smooth muscle tumors expressed 100% positivity with any of the smooth muscle
markers at any given time, as was the case with transgelin.

Although the morphologic distinction between ESS and LMS is straightforward in many
cases, at times tumor classification has been shown to be challenging with poor
reproducibility. On one end of the spectrum, differentiating low grade ESS from other
mimickers such as endometrial stromal nodules, leiomyomas or cellular endometrial polyps,
especially in curettage specimens, can be problematic.23:7 Many studies have shown that
low grade ESS can exhibit various forms of histomorphologic changes, making their
accurate diagnosis challenging. The identification of a smooth muscle component by smooth
muscle markers, such as desmin and smooth muscle actin is not uncommon in ESS.23:24 The
smooth muscle differentiated areas appear as white, firm foci on gross examination and form
fascicles of slightly epithelioid cells microscopically. Other findings such as epithelioid
appearance, sex-cord-like elements, endometrioid glandular elements and myxoid or
fibroblastic differentiation have also been reported in low grade ESS.2:2425 On the other
end, differentiating undifferentiated ESSs from higher grade tumors including LMS,
undifferentiated carcinoma, carcinosarcomas (or even less common tumors such as
rhabdomyosarcoma, small cell carcinoma, lymphoma or primitive neuroectodermal tumors)
could potentially be as problematic.1-® Recent studies have noted that the soft tissue
sarcomas showing smooth muscle differentiation tend to be more aggressive than those
without the smooth muscle differentiation and thus the accurate differentiation is of great
clinical significance.26:27 Accordingly dependable tests are needed that could differentiate
between LMS and ESS with accuracy. The use of immunohistochemistry with a battery of
markers including SMA, desmin, actin, h-caldesmon and CD10 has been proposed to be of
value.19-15 However, the current IHC panel has been shown to be not entirely
specific.12-14.16.17 smooth muscle actin and desmin expression is noted in many different
types of smooth muscle tumors in addition to myofibroblastic, skeletal muscle and
myoepithelial tumors and thus lacks specificity.28:2% Similarly, h-caldesmon is quite specific
for smooth muscle differentiation but lacks sensitivity.30:31 Other markers like Calponin,
myogenin and myoD1 can sometimes be useful to assess smooth muscle differentiation but
they too lack specificity as they are more sensitive and specific for myoepithelial,
myofibroblast or skeletal muscle differentiation and less sensitive and specific for smooth
muscle differentiation. CD10, postulated to be ESS-specific has been shown to be absent in
up to one fourth of ESSs.1213.15.17 Our results are in agreement with these findings. Cases
with absent or decreased CD10 expression belonged to the undifferentiated ESS group.
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Identifying genes expressed that differentiate between LMS and EMS is not only important
in improving diagnostic accuracy, but could be relevant with respect to tumor biology.
Using gene signature profiling, Davidson et al. have recently identified multiple genes that
were differentially expressed in one tumor and not the other.22 Genes expressed in LMS
included CDKN2A, FABP3, transgelin, JPH2, GEM, NAV2 and RAB23. While SLC7A10,
EFNB3, CCND2, ECEL1, ITM2A, NPW, PLAG1 and GCGR genes were over expressed in
ESS.22 Recent studies have shown that the t(7;17)(p15;q21) translocation is very common in
typical ESSs.32 This translocation resulting in JAZF1-SUZ12 gene fusion was not observed
in LMSs and in the majority of the undifferentiated ESSs.32 Although the precise function of
transgelin remains unknown, recent studies have shown it to be involved in many biologic
activities including regulating muscle fibers contractility, cell differentiation, tissue invasion
and lately as a tumor suppressor.19:33-36 A recent study by Dos Santos Hildalgo et al.
proposed a potential role of transgelin in the pathogenesis of endometriosis.3” They showed
increased expression of the transgelin gene in endometriotic lesions compared with the
eutopic endometrium of the same patients. Using real time polymerase chain reaction, they
found no transgelin expression in eutopic proliferative and secretory endometrium of control
and endometriotic patients.3” These studies lend support to our immunohistochemical
findings of the lack of transgelin expression in normal and neoplastic endometrial stromal
tissue. In the Davidson et al. study, the transgelin gene was not expressed in any of the 7
ESSs studied as compared to its overexpression in 13 uterine LMSs.22 The authors did not
report the histologic grade or the metastatic status of any of the ESSs studied. Although they
showed a picture with no transgelin expression by IHC, there was no mention of how many
cases were evaluated by this method.22

In conclusion, transgelin appears to be a specific marker of smooth muscle differentiation in
the uterus with 100% sensitivity and specificity and may be useful for distinguishing smooth
muscle tumors from ESSs. It could be used as an additional marker useful for decision
making, especially in those tumors with questionable immunophenotype and histology.
Further studies are recommended to confirm our findings on a larger number of cases.
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Fig. 1.
Composite photomicrograph showing positive transgelin expression in normal uterus (Fig.

1A), uterine leiomyoma (Fig. 1B), uterine leiomyosarcoma (Fig. 1C) and soft tissue
leiomyosarcoma (Fig. 1D). [Immunostain, magnification 200X]
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Fig. 2.

Photomicrographs showing lack of transgelin expression in low grade (Fig. 2A) and
undifferentiated endometrial stromal sarcomas (Fig. 2B). [Immunostain, magnification
200X]
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Table 1

Patterns of positivity for transgelin, CD10 and SMA in gynecologic/uterine smooth muscle tumors

Case Diagnosis Specimen Age Transgelin CD10 SMA#
1 Leiomyoma - Gyn@ Hysterectomy 42 + ND** +
2 LMS* -Gyn Hysterectomy 42 + - +
3 LMS - Gyn Hysterectomy 75 + + + focal
4 LMS - Gyn Hysterectomy 75 + ND +
5 LMS - Gyn Hysterectomy 29 + ND ND
6 LMS - Gyn Hysterectomy 39 + ND +
7 LMS - Gyn Hysterectomy 75 + ND +
8 LMS - Gyn Hysterectomy 58 + - +
9 LMS - Gyn, metastatic Retrocecal 56 + ND ND

*
LMS: leiomyosarcoma

@

# .
SMA: smooth muscle actin

*

ND: not done

Gyn: gynecologic, uterine smooth muscle tumor
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Patterns of positivity for transgelin, CD10 and SMA in non-gynecologic, soft tissue leiomyosarcomas

Table 2

Case Diagnosis Specimen Age Transgelin  CD10 SMA#

! LMS" - non gyn@ calf 67 * ND

2 LMS - non Gyn Nephrectomy 42 + - +
3 LMS - non Gyn Abdominal 57 + ND +
4 LMS - non Gyn Thigh 65 + ND +
5 LMS - non Gyn Perirectal 91 + ND +
6 LMS - non Gyn Leg 64 + ND +
7 LMS - non Gyn Leg 81 + ND ND
8 LMS - non Gyn Back 64 + ND ND
9 LMS - non Gyn IVC 38 + ND +
10 LMS - non Gyn Thigh 58 + ND +
11 LMS - non Gyn, metastatic Paraspinal 52 + ND ND
12 LMS - non Gyn, metastatic Shoulder 64 + ND ND
13 LMS - non Gyn, metastatic Lung 82 + ND ND
14 LMS - non Gyn, metastatic Lung 50 + ND ND
15 LMS - non Gyn, metastatic Lung 59 + ND +

*
LMS: leiomyosarcoma

@non Gyn: non-gynecologic, soft tissue leiomyosarcoma

# .
SMA: smooth muscle actin

* %

ND: not done
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Patterns of positivity for transgelin, CD10 and SMA in endometrial stromal sarcomas

Table 3

Case Diagnosis Specimen Age Transgelin  CD10 SMA#
1 ESS*, low grade Hysterectomy 49 - ND** ND
2 ESS, low grade Hysterectomy 44 - + -

3 ESS, low grade Hysterectomy 44 - + -

4 ESS, low grade Hysterectomy 51 - + +

5 ESS, undifferentiated  Hysterectomy 61 - + -

6 ESS, undifferentiated  Hysterectomy 86 - + + focal
7 ESS, undifferentiated  Hysterectomy 25 - - -

8 ESS, undifferentiated  Hysterectomy 77 - + focal + focal
9 ESS, undifferentiated Biopsy 68 - + + focal
10 ESS, undifferentiated  Hysterectomy 65 - + -
11 ESS, metastatic Colectomy 79 - ND ND
12 ESS, metastatic Lung 64 - ND ND
13 ESS, metastatic Nephrectomy 64 - + ND

*
ESS: endometrial stromal sarcoma

#SMA: smooth muscle actin

*

*
ND: not done
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