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SUMMARY: Uterine smooth muscle tumors (USMT) are common, behavior-distinct gynecological tumors; including: leiomyoma
(ULM), leiomyosarcoma (ULMS), and smooth muscle tumors of undetermined malignant potential (STUMP). Pre-operative dgstinction i
difficult, thus diagnosis relies on histopathology. Immunohistochemistry (IHC) had been used to help in distinction. Wevstodieders
(stathmin-1 and CD147) to demonstrate whether they have diagnostic/ prognostic assist. Sixty seven USMT are studietk Agge, follo
and recurrence/metastasis data were collected. Representative slides were stained and Histologic score (HS) calculiatedsity/ stain
(SI) X percentage of positive tumor cells (PP). Results were grouped as low expression (LE) and high expression (HElateehtaorr
tumor types, and risk of recurrence/ metastasis. Statistical analysis (P < 0.05); Sensitivity, specificity, positive aadpredjative
values and confidence intervals in diagnosing ULMS were calculated. Stathmin-1 HS (p= 0.000) and HE (p=0.002) were diffigrent am
groups. Same as for CD147 HS and HE (both p=0.000), with a gradient increase from LM to STUMP to ULMS. Sensitivity, specificity
positive and negative predictive values and confidence intervals in diagnosing ULMS were as following: For stathmin-1 289982 %;

42 %; and 80 % (Cl= 44-96 %). For Stathmin-1 HE: 80 %; 66 %; 60 %; and 84 % (CI=66-94 %). For CD147 HS: 85 %; 22 %; 41 %; and
69 %. For CD147 HE: 58 %; 49 %; 42 %; and 65 % (Cl= 45-80 %), respectively. Recurrence / metastasis were documente@in 6 cases
ULMS; 2 STUMP) with follow up ranging from 6 months to 102 months. 5 tumors had stathmin-1 HE (p=0.099); 2 had CD147 HE
(p=0.393) in the primary tumors. STMN1 and CD147 are helpful diagnostic tests for USMT sub-typing, especially for ULMSt Gradien
increase of expression from LM, to STUMP, to ULMS may indicate a role in malignant transformation in USMT, and in inckeaked ris
recurrences/metastasis.

KEY WORDS: Leiomyoma; Leiomyosarcoma; Smooth muscle tumors of uncertain malignant potential (STUMP); Stathmin-
1, CD147.

INTRODUCCION

Uterine smooth muscle tumors are a group adurrogate measure in distinction between those tumors. In
neoplasms that are the most common mesenchymal tumgre current study, we aim to look for immunohistochemcial
of the female genital tract. Although all of these tumorexpression of two of the recently studied markers (stathmin-
originate from smooth muscle cells, they consist of differerttand CD147) among uterine smooth muscle tumors resected
types according to behavior, including benign leiomyomat our institution, and to demonstrate whether such markers
malignant leiomyosarcoma, and intermediate group ofiaybe a diagnostic aid of different types of USMT.
tumors called smooth muscle tumors of undetermined
malignant potential (STUMP). Pre-operative differentiaMATERIAL AND METHOD
diagnosis of USMT is difficult as they produce similar
clinical symptoms and even radiological studies cannot
distinguish between them accurately. Thus, definite diagnGases & tissuestollowing Institutional Ethics Committee
sis is reliant on post-operative histopathological evaluatioand Review Board approval at our institution, cases were
which can also have limitations in some difficult casesollected from Hospital histopathology Database during the
Immunohistochemical methods were tried recently aslast 10 years. A total of 67 cases of USMT were included
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(20 ULM, 21 STUMP, and 26 ULMS). The selected tumorémoderate); and 3 (strong), and PP as 0 (no stain); 1(<50
were previously classified based on World Healthb); to 2(>50 %). Histologic score (HS) for each antibody
Organization (Tavassoli & Devilee, 2003) and Stanfordeparately was then calculated as the average product of S
histological guidelines (Be#t al, 1994). Inclusion criteria and PP on 5 random high power fields at 200x magnification,
were uterine mass resection specimens, with evidenceimftases with discordant scoring by the scorers, the average
smooth muscle origin by at least one confirmatory IHC stawf scores, rounded to nearest integer, was considered for
like Smooth Muscle Actin (SMA) or h-caldesmon.statistical analysis. Accordingly, HS = 0 was considered
Distinction between STUMP and ULMS was based onegative, and HS from 1-6 as positive. £85was defined
Stanford histological criteria (Be#t al). Other types of as low expression and >3 as high expression.
mesenchymal uterine lesions were excluded.
Statistical analysisWas performed using the Statistical Pac-

Histopathology reports of the cases were retrieved fé&age for Social Sciences software version 20 (IBM Corp.,
collection of histopathological features. Review of electroni@rmonk, NY, USA). Statistical significance was determined
medical records was performed to retrieve informatiohy Fisher’s exact test and Chi-square analysis for categorical
regarding clinical follow up and documented recurrence aariables and ANOVA for ordinal variables. P value < 0.05
metastatic disease for cases with follow up. Follow up wagas considered statistically significant. Sensitivity,
considered present with post- operative gynecology departmepecificity, positive predictive values, negative predictive
clinic visits or reported post-op imaging studies. Recurrensglues with confidence intervals for reaction to each antibody
and or metastatic disease were only considered present by aredicting ULMS diagnosis was calculated by positivity
documented clinical note, radiological reports, oand high expression using Vassarstats Program (http://
histopathology reports during follow up. www.vassarstats.net/clinl.html).

IHC. For each case, H&E microscopic slides were reviewed
and corresponding tissue blocks were retrieved for selecti®ESULTS
of representative tissue blocks for stathmin-1 and CD147 IHC
according to standard manufacturers' protocols. Two tissue
sections, each of 4 mm thickness were cut from formalin-fixe@linical characteristics. Patient ages at diagnosis ranged
paraffin-embedded tissue blocks of the selected tumors fioom 32 to 53 years (mean for LM=42; STUMP =41.3 years;
staining. Rabbit mono-clonal antibodies for Stathmin (clonand ULMS= 45.2 years). The follow up period (FUP) ranged
AR441; Dako Cytomation, Carpinteria, CA, USA) and fofrom 6 months to 102 months (mean for LM= 26 months;
CD147 (clone 6F11; Ventana, Tucson, AZ, USA) were usesiTUMP=39.3 months; and ULMS= 34.5 months). Follow
and were stained as follows: After deparaffinization andp was documented in 53 cases (including all LM (n=20),
hydration, sections were pretreated in microwave’®5L5 all STUMP (n=21), and for 11 ULMS cases. Out of the
min) in 10 mM citrate buffer (pH 6.0) for antigen retrieval followed up STUMP and ULMS (33 cases), a total of 6 ca-
After the quenching of endogenous peroxidase activitges (4 ULMS, 2 STUMP) had documented recurrence/
sections were reacted with the Stathmin antibody (Predilutedetastasis during follow up. Thus, the incidence of
in TRIS, pH 7.4, containing <0.1 % sodium azide) for 20 mirrecurrence/ metastasis for our STUMP and ULMS cases with
and CD147 antibody (Prediluted in TRIS, pH 7.4, containinfpllow up was 9.5 % and 36.3 %, respectively. Sites of
<0.1 % sodium azide) for 15 min at room temperature. Threcurrence/metastasis were intra-uterine in one (1 STUMP),
sections were processed with Super Sensitive ™ Polymer-HR®ra-abdominal in 4 (4 ULMS), and perianal in one case (1
IHC Detection System (BioGenex; Fremont, California, USAFTUMP).
according to the manufacturer’s instructions.
IHC results. For stathmin-1 IHC staining, out of 20 LM

Results were then interpreted and scored by twzases, 4 were completely negative, 12 showed LE, while
pathologists independently blinded to type of tumor anohnly 4 displayed HE (20 %). 10/21 STUMP case43(0)
using Olympus light microscope. Only membranous stashowed HE, while 7 had LE, and 4 were completely negative.
for CD147 and cytoplasmic stain for stathmin-1 was regard&egarding the ULMS cases, 2 cases were negative, 3 had
positive. Quantitative analysis of the stains was doree, while 21 out of the 26 cases had HB1 %), see Figu-
according to validated scoring protocols from the literatune 1. Mean stathmin-1 (HS) was 2.0 in LM; 3.4 in STUMP;
(Chen & Yang, 2008; Millet al, 2013); the staining was and 4.9 in ULMS (SB 1.89, 2.25, and 1.20, respectively.
evaluated using a semi-quantitative system where both staimere was a significant difference between different tumor
intensity (Sl) and percentage of positive tumor cells (PP) fgpes, with a gradient increase in stathmin HS form LM, to
considered. Sl was graded as 0 (no stain); 1 (weak);STUMP, to ULMS (p = 0.000 between groups) (Difference
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Fig. 1. IHC results in a leiomyoma (LM), smooth muscle tumor of undetermined malignant potential (STUMP), and a leiomyosarcoma
(ULMS). Stathmin-1 (upper panel) and CD147 (lower panel) expression in LM (negative), STUMP (low expression), and in a ULMS
(high expression) (100 x).

between LM and ULMS p= 0.000; between LM and STUMBTUMP and ULMS p=0.468).
p=0.091; and between STUMP and ULMS p=0.069).
Level of CD147 expression was also significantly
In addition, tumor type was associated with the levelorrelated with Tumor type (p=0.000 between groups); with
of expression (P= 0.002 between groups) jjj(Differenca similar increase in expression form LM to STUMP to
between LM and ULMS p=0.003; between LM and STUMRILMS (Difference between LM and ULMS p= 0.015;
p=0.408; and between STUMP and ULMS p=0.09). between LM and STUMP p=0.000; and between STUMP
and ULMS p=0.264). In order to examine the relationship
Regarding CD147, out of the 20 LM cases, 8 werketween Stathmin-1 and Cd147 expression among different
completely negative, 6 had LE, and only 4 had HE (20 %gases and tumor types, paired samples T-test was used.
One case of STUMP was negative, 3 had LE, while 17 had

HE (=81 %). Regarding ULMS cases, 4 were totally The above results are summarized in Table I.
negative, 7 had LE, while 15 had HE58 %). Mean CD147
HSwas 1.5in LM, 4.43in STUMP, and 3.7 in ULMS (D For stathmin positive reaction, the sensitivity of

1.5; 1.69; and 2.30, respectively. There was a significastiathmin positivity for ULMS was 92 % (confidence interval
difference between different tumor types, with a gradiem4-96 %). however, the specificity was low 20 % (CI1=9-35
increase in CD147 HS form LM, to STUMP, to ULMS (p=%).The positive predictive value for ULMS diagnosis was
0.000 between groups). (Difference between LM and ULM&2 % (Cl= 29-55 %), while the negative predictive value
p=0.001; between LM and STUMP p=0.000; and betweemas 80 % (Cl= 44-96 %) (Table II).

Table I. Stathmin-1 and CD147 Immunohistochemical expression amdegdiftumor types.

Tumor type CD147 HS P value CD147 EL P value Total
0 1 2 3 4 6 Neg LE HE

LM 8 2 6 0 4 0 000 8 8 4 000 20

STUMP 1 0 2 1 8 9 1 3 17 21

ULMS 4 1 4 2 4 11 4 7 15 26

Total 13 3 12 3 16 20 13 18 36 67

LM= leiomyoma; STUMP= smooth muscle tumor of uncertain malignant potential; ULMS= uterine leiomyosarcoma; HS= histolo&ic:seqeession
level; Neg= negative stain. P value < 0.05 is significant using one way ANOVA and post Hoc multiple comparisons.
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Table II. Test parameters calculated for Stathmin-1 using HS and High expression levels for a diagnosis of ULMS.

Stathmin-1 Stathmin-1 high expression

Parameter Estimated 95% CI Estimated 95% CI
Value % Lower limit Upper limit Value % Lower limit Upper limit

Prevalence 33.7 23.6 455 38.8 274 515
Sensitivity 923 734 98.7 80.8 60.01 927
Specificity 19.6 10.3 335 659 493 794
Positive 844 739 913 522 39.8 64.4
Negative 15.6 8.7 26.0 47.8 356 60.2
PPV 369 255 499 60 422 75.6
False Positive 63.1 502 744 40 243 578
NPV 833 509 97.1 844 66.5 94.1
False Negative 16.6 294 49.1 15.6 59 335

CI: Confidence Interval; PPV: positive predictive value; NPV: negative predictive value.

The detection of high level of stathmin expression
(HS>3) in predicting ULMS diagnosis showed a sensitivity
of 80 % (CI=60-93 %), and specificity of 66 % (CI1=49-79
%). The PPV was 60 % (CI=42-76 %), and NPV was 84 %
(CI=66-94 %).

For CD147 positive reaction, the sensitivity of CD147
positivity for ULMS was 85 % (confidence interval 64-95 %),
the specificity was low 22 % (CI=11-38 %).The positive
predictive value for ULMS diagnosis was 41 % (CI=27-55 %),
while the negative predictive value was 69 % (CI=39-90 %).

The detection of high level of CD147 expression
(HS>3) in predicting ULMS diagnosis showed a sensitivity
of 58 % (confidence interval 38-76 %), the specificity was 49
% (CI1=33-65 %).The positive predictive value for ULMS diag-
nosis was 42 % (Cl= 25-59 %), while the negative predictive
value was 65 % (Cl= 45-80 %). Refer to Table III.

Out of the 47 STUMP and ULMS cases, recurrent disease
and/or metastasis were documented in 6 cases (4 ULMS and 2
STUMP). Out of these, 5 had HE of stathmin-1 (p=0.099), while 2
cases had HE of CD147 (p=0.393) in the primary uterine tumors.

Table III. Test parameters calculated for CD147 using HS and High expression levels for a diagnosis of ULMS.

CD147 CD147 high expression
Parameter Estimated 95% CI Estimated 95% CI
Value % Lower limit Upper limit Value % Lower limit Upper limit

Prevalence 38.8 274 51.5 38.8 0274 51.5
Sensitivity 84.6 64.3 95.0 57.7 372 76.0
Specificity 220 11.1 38.0 48.8 332 64.6
Positive 80.6 68.8 88.9 53.7 412 65.8
Negative 194 11.1 312 46.3 342 58.8
PPV 40.7 279 549 41.7 26.0 59.1
False Positive 593 45.1 72.1 58.3 409 740
NPV 69.2 389 89.7 64.5 454 80.2
False Negative 30.8 104 61.1 355 19.8 54.6

CI: Confidence Interval; PPV: positive predictive value; NPV: negative predictive value.

Table IV. Stathmin-1 and CD147 Immunohistochemical expression among STUMP and ULMS tumors

Pearson Chi square test.

with recurrence/ metastasis.

stathmin .HS Total P value LE P value
Rec/mets 0 1 2 3 4 6 Neg HS<3 HS>3
no 11 2 8 6 6 11 44 409 9 18 109
yes 0 1 0 2 6 0 1
Total 11 2 9 6 8 14 50 9 19
CD 147 HS Total P value LE P value
Rec/mets 0 1 2 3 4 6 Neg HS<3 HS>3
no 11 2 8 2 11 10 44 643 11 12 522
yes 1 0 3 0 1 1 6 1 3
Total 12 2 11 2 12 11 50 12 15

Rec/mets: recurrence or metastasis; LE: level of expression; HS: Histologic score; Neg.: negative stain. P value < 0.05 is significant using.
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The difference was not statistically significant,mesenchymal tumors such as endometrial stromal sarcomas
however, between the tumor types (For Stathmin-1, p= 0.326d epitheloid perivascular neoplasms (PEComas) by being
for positivity; p= 0.595 for HS; p= 0.276 for HE. As fornegative for other markers like CD10 and HMB-45,
CD147, p=0.617 for positivity; Fisher's exact test 0.511; prespectively (Ipet al).

0.08 for HS; and p=0.119 for HE). Results are summarized

in Table IV. IHC markers had been previously attempted to assist
in differentiating between a ULMS and a uterine LM. A
variety of such markers had previously been evaluated,

DISCUSSION including p21, p27, p53, p16, IMP3, Ki-67, and fascin
(O'Neillet al, 2007; Chen & Yang; Fadaseal, 2011; Mills
et al). Varying degrees of efficacy in that context had been

USMT encompass a large group of gynecologicaletermined, however, they generally lack specificity as
tumors ranging from those with favorable outcome (LM)independent markers.
to the highly aggressive ULMS, and in between these 2 ex-
tremes are tumors with borderline or intermediate behavior The aim of this study was to explore the utility of
called STUMP. The most reliable method of distinction istathmin and CD147 as diagnostic and possibly prognostic
still post-operative histopathological examination. This imarkers of uterine ULMS by establishing its IHC reactivity
due to the fact that Clinical presentation of USMT is similain 3 different subtypes of USMTSs.
and non specific typically causing menorrhagia, and abdo-
minal/pelvic pain (Iget al, 2010). Moreover, Pre-operative Stathmin-1 (also known as oncopro-tein 18), is a
Imaging techniques like computed tomography and magnetigtoplasmic phosphoprotein that regulates microtubules
resonance imaging are not competent in distinction in manyotion during mitosis and interphase (Belletti &
cases (Satet al, 2014). A sonographic- guided fine needldBaldassarre, 2011) hence its importance in oncogenesis.
biopsy as a diagnostic tool had been described in literatiB&athmin-1 alterations had been recently emphasized in
(Barbazzeet al, 1997), however, results were controversialifferent types of cancers, for instance, Stathmin-1 over-
and not reproducible. Intra-operative frozen sectioexpression maybe a negative prognostic factor in both
examination is similarly of limited diagnostic value forovarian and endometrial carcinomas, and may have
USMT, as the features used to diagnose malignancy dimgnostic utility in cervical and adnexal intraepithelial neo-
smooth muscle tumors are very difficult to ascertain due fasia (Wiket al, 2011; Howittet al, 2013). Stathmin
freezing artifact (El-Bahrawy & Ganesan, 2014). expression is also a significant indicator of activation of the

oncogenic phosphatidylinositol 3-kinase-AKT-mammlian

Subtyping of USMT is very significant due to thetarget of rapamycin pathway (PI3K-AKT-mTOR) pathway,
great diversity of clinical behavior and patient morbidity and pathway proposed to be centrally associated with smooth
mortality among those tumors. While LMs are considerethuscle proliferation and highly activated in both uterine and
the most common female benign tumors, with nil risk oéxtra uterine leiomyosarcoma (Hernardal, 2007). Ani-
malignant transformation, ULMS are aggressive neoplasmsal studies using mice carrying homologous deletions in an
with high rates of recurrence and dismal prognosis (Tavassetidogenous negative regulator of that pathway developed a
& Devilee). range of abdominal smooth muscle proliferations including

LM and aggressive ULMS (Hernandx al); and that

The malignant behavior of USMT had beerconstitutive activation of P13K-Akt-mTOR pathway was
determined by a set of histopathological features callemhly found in ULMS. That finding was later documented in
Stanford criteria (Bekt al) that include: diffuse moderate- human uterine ULMS as well; and up regulation of the
to severe nuclear atypia; mitotic count=fl0 /10 High pathway in smooth muscle tumors was actually assessed by
Power Fields; and Tumor Coagulative Necrosis. At least twygene expression profiling (Crabtreeal, 2009).
criteria are required for a diagnosis of ULMS. Those criteria
were then adopted by the WHO for diagnostic purposes CD147 (also known as Basigin, or EMMPRIN), is a
(Tavassoli & Devilee). transmembrane glycoprotein and a member of the

immunoglobulin super family (Muramatsu & Miyauchi,

Immuno histochemical stains (IHCs) as an ancillar003). The molecular features of CD147 determines its many
diagnostic tool of USMT were used in literature. Al USMTroles in human cells, including transport of nutrients,
share in common the expression of smooth muscle mark&gkocyte migration, induction of matrix metalloproteinase’s,
such as desmin, H-caldesmon, and Smooth Muscle Actiision, spermatogenesis and other physiological phenomena
(SMA). They are usually distinct from other types of uterinéMuramatsu & Miyauchi). It also plays significant roles in
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the pathogenesis of various diseases, including cancer (Grass  The results of the current study reveal relatively high
etal, 2014). CD147 was found to be over expressed in a brosehsitivity of stathmin-1 and CD147 expression (92 % and
range of human malignant tumors (Kanekura & Chen, 20184 %, respectively) in predicting a diagnosis of ULMS
and may be an unfavorable prognostic marker as it promotm®iong USMTSs, with statistical evidence of high negative
invasive properties, proliferation, and survival of tumor cellpredictive values (80 % and 69 %, respectively). One
(Grasset al), and decreased overall survival in many types afrawback, however, is their low specificity (20 % and 22
cancer (Bovenzt al, 2015); including breast cancer, ovariar?o, respectively). Interestingly, there is a statistically
cancer, colorectal cancer, and lung cancer. Moreover, CD1dignificant correlation between both markers' expression
as a functional biomarker may become attractive target foesults (Chi2= 0.019) but not the expression level of both
anticancer therapies. It had been previously examined nimarkers (p=0.29). In addition, the correlation was even more
uterine smooth muscle neoplasms, and its expression v&gnificant in cases with recurrence/metastasis (p= 0.003),
proposed as a potential diagnostic and prognostic markerraising the thought of a potential role of such markers in
patients with leiomyosarcoma (ULMS) (Ozletr al, 2014). carcinogenesis or aggressive behavior of those tumors.
In the same study, CD147 expression positively correlated with
Ki67 expression and mitotic index. Previous similar studies showed comparable results
to current study; one study (Allet al, 2015) documented
Our results showed a significant correlation betweehO0 % sensitivity of STMN1 expression for ULMS.
stathmin-1 expression and type of tumor, with a gradiertowever, the specificity was only 55 %. The NPV and PPV
increase in stathmin (HS) form LM, to STUMP, to ULMSfor ULMS were 100 % and 52 % respectively. Another
(Pearson Chi square= 0.009). Most LM tested were eithdisadvantage of stathmin-1 was that non-USMTs that were
negative (6/20; 30 %) or showing low expression (10/20; Studied showed at least focal Stathmin-1 immunoreactivity.
%) of stathmin. However, Stathmin had low specificity as 4
out of 20 LM displayed high expression (20 % of LM). As for Ozleret al studied CD147 expression in USMT and
ULMS, 81 % of the studied cases had high expression lefeund that CD147 was strongly expressed in 81.8 % (n = 18)
for Stathmin, while only 2 cases were completely negative ULMS, significantly higher than that of other uterine smooth
for it (7.7 %). Interestingly, STUMP cases displayed amuscle tumor types (p = 0.000). However, high CD147
intermediate reactivity between that of LM and ULMS (47.@xpression was found in only one LM variant and one STUMP.
% had high expression). Furthermore, CD147 expression was correlated with Ki67
expression (Spearman's rank = 0.466, p<0.05) and mitotic
Similarly, there was a statistically significant increasendex (Spearman's rank = 0.554, p<0.05), respectively.
of CD147 expression from LM, to STUMP, to ULMS (p=
0.006). Moreover, 8 LM were completely negative for CD147 A major disagreement between the results of those
(40 %) and another 8 cases showed only low expression @0Qdies and ours is that our study showed a higher expression
%), while only 1 STUMP (4.8 %) and 4 ULMS (15.4 %) hadn STUMP cases; with an increasing gradient of expression
no reaction. High expression of CD147 was also significantfyom LM, to STUMP, to ULMS cases, indicating a possible
correlated with ULMS type (p= 0.002). role of these markers in the carcinogenesis and malignant
transformation of smooth muscle tumors.
The mean follow up period of the study was 39.3
months for STUMP group; and 34.5 months for ULMS group. Study limitations may include the small sample sizes,
During which, 6 cases (4 ULMS and 2 STUMPSs) hadavhich is mainly due to the fact that STUMP and ULMS are
documented recurrence or metastatic disease. Of those, 5redatively rare disorders. In addition, the expression of
ses (83.3 %) showed high expression for stathmin (p=0.109tathmin-1 and CD147 was not examined in other types of
while 2 cases had high expression of CD147 (p=0.522). mesenchymal tumors of the uterus.

Apparently, correlation was not statistically
significant between neither of stathmin-1or CD147 (HS) antdONCLUSIONS. TMN1 and CD147 are sensitive and
recurrence/metastasis (Pearson Chi2=0.409 and 0.643), potentially useful markers (especially when combined) in
with level of stathmin-1 or CD147 expression (p=0.643 ansub typing of USMT. Although neither is specific for
0.522). However, an interesting finding was that all foudiagnostic purposes, both markers have high negative
ULMS cases that had documented recurrence had positpwedictive value for ULMS. The high negative predictive
and even high expression level of stathmin-1 (100 %) in tvalue for ULMS may offer some diagnostic utility in
primary tumors. Three cases were additionally positive faifferentiating between atypical variants of LM and STUMP
CD147 and one was negative (75 %). in one hand form ULMS in the other, since the absence of
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