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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objectives: Most mesenchymal tumors found in the uterine
corpus are benign tumors; however, uterine leiomyosarcoma is
a malignant tumor with unknown risk factors that repeatedly
recurs and metastasizes. In some cases, the histopathologic
findings of uterine leiomyoma and uterine leiomyosarcoma are
similar and surgical pathological diagnosis using excised tissue
samples is difficult. It is necessary to analyze the risk factors
for human uterine leiomyosarcoma and establish diagnostic
biomarkers and treatments. Female mice deficient in the
proteasome subunit low molecular mass peptide 2 (LMP2)/B1i
develop uterine leiomyosarcoma spontaneously.

Methodology: Out of 334 patients with suspected uterine
mesenchymal tumors, patients diagnosed with smooth muscle
tumors of the uterus were selected from the pathological file. To
investigate the expression status of biomarker candidate factors,
immunohistochemical staining was performed with antibodies
of biomarker candidate factors on thin-cut slides of human
uterine leiomyosarcoma, uterine leiomyoma, and other uterine
mesenchymal tumors.

Results: In human uterine leiomyosarcoma, there was a loss
of LMP2/B1i expression and enhanced cyclin E1 and Ki-67/
MIBI1 expression. In human uterine leiomyomas and normal
uterine smooth muscle layers, enhanced LMP2/B1i expression
and the disappearance of the expression of E1 and Ki-67/MIB1
were noted. The pattern of expression of each factor in other
uterine mesenchymal tumors was different from that of uterine
leiomyosarcoma. Conclusions: LMP2/B11i, cyclin El, and Ki-
67/MIB1 may be candidate factors for biomarkers of human
uterine leiomyosarcoma. Further large-cohort clinical trials
should be conducted to establish treatments and diagnostics for
uterine mesenchymal tumors.

Key words. LMP2/B1i, Cyclin BI, uterine leiomyosarcoma,
diagnostic biomarkers.

Introduction.

The uterus, the organ that harbors embryos and fetuses, has the
following three layers: the endometrium, which acts as a bed for
the embryo, the uterine smooth muscle layer (myometrium) that
protects the embryo, and the serous membrane (perimetrium)
that envelops the uterus. In general, endometrial tumors represent
epithelial malignancies of the endometrium and are broadly
classified into tumors that develop in the cervix or inside the
uterus. If smear screening for cervical cancer confirms the onset
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of cervical cancer early enough, the rate of cervical cancer-
related mortality would decrease. Conversely, the incidence
of endometrial cancer is increasing because simple methods of
screening for endometrial cancer have not been established. Most
cervical tumors are malignant tumors classified as squamous
cell carcinoma and adenocarcinoma. Mesenchymal tumors that
develop in the uterine smooth muscle layer are conventionally
classified into benign uterine leiomyoma (uLMA) and malignant
uterine leiomyosarcoma (Ut-LMS) based on cytological atypia,
mitotic activity, and other criteria. Ut-LMS is relatively rare,
with an estimated annual incidence of 0.64 per 100,000 women
[1]. Ut-LMS occurs more frequently in the smooth muscle
layer of the uterine body than in the cervix. Because Ut-LMS is
resistant to chemotherapy and radiotherapy, surgery is virtually
the only viable treatment option [2]. The prognosis of Ut-LMS
is poor, with a 5-year overall survival rate of about 20% [3,4].
However, the development of efficient adjuvant therapies for
Ut-LMS is expected to improve the prognosis of patients with
Ut-LMS. The prevalence of uLMA in women aged up to 50
years is 70%~80% (FACT SHEET - Uterine Fibroids, 2010).
The diagnosis of uterine mesenchymal tumors is assigned cases
[5-7] using the diagnostic category and morphological criteria
for uterine mesenchymal tumors (Note 1). However, due to
the similarity in cell morphology of uLMA and Ut-LMS, it
is hard to differentiate between uLMA and Ut-LMS in some
cases. Therefore, the surgical pathological diagnosis is made
by macroscopic and histopathological findings on excised
tissue specimens [5]. Since nonstandard subtypes of uterine
mesenchymal tumors such as endometrial stromal sarcoma and
liposarcoma are classified based on the characteristics of these
tumor cells, it is important to establish a diagnostic method for
nonstandard smooth muscle cell differentiation in actual clinical
practice.

Much remains unknown about the molecular mechanisms
involved in the pathogenesis of uLMA and Ut-LMS. Tumors
that develop in the myometrium for any reason are thought to
gradually grow in size and form tumors due to the effects of
somatic mutations by female hormones or mediator complex
subunit 12 (MED12) [8]. However, to the best of our knowledge,
the involvement of female hormones in the pathogenesis of Ut-
LMS has not been observed and no obvious risk factors have
been found. Cases of Ut-LMS with hypocalcemia or eosinophilia
have been reported; however, neither clinical abnormality is an
initial risk factor for Ut-LMS. The identification of risk factors
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associated with the development of Ut-LMS contributes to the
development of preventive measures and novel treatments.

Cellular proteins are predominantly degraded by a protease
complex consisting of 28 subunits of 20-30 kDa, which is called
the 20S proteasome [9]. The proteasome degradation pathway is
essential for many cellular processes, including the cell cycle,
gene expression regulation, and immune functions. Interferon-y
(IFN-y) induces the combinational expression of the proteasome
subunit’s low-molecular-weight polypeptides (LMP)2/B1i,
LMP7/B51, and LMP10/B10i. Molecular approaches to studying
the correlation between IFN-y and tumor cell proliferation
have attracted much attention [10]. LMP2/B1i expression may
be associated with cell survival [11,12]. Homozygous mice
deficient in LMP2/B1i show abnormalities in tissue-dependent
or substrate-dependent proteasome biological functions. Ut-
LMS occurred in female LMP2/Bli-deficient mice aged >6
months, with an incidence of uterine leiomyosarcoma of
approximately 40% by 14 months of age [13,14]. The curve of
the incidence showing the prevalence of Ut-LMS in mice by
month is similar to the curve showing the morbidity of human
Ut-LMS that occurs after menopause.

Advances in cell cycle research have demonstrated that
interactions between cyclins, cyclin-dependent kinases (CDKs),
and tumor suppressor gene products play an essential role in cell
cycle progression [15]. Cyclins, which form complexes with
CDKs, are a group of proteins that are periodically expressed
during the cell cycle [16]. The expression of these cyclins,
CDKs, or cell cycle regulators is regulated by proteasome
activation. Thus, compared with normal uterine smooth muscle
cells, different expression levels of these cell cycle-related
factors are observed in uterine leiomyosarcoma cells that have
lost LMP2/B1i expression [17]. Per previous experimental
results, cyclin E1 is overexpressed in human mesenchymal
tumors [18-21]. Therefore, an expression vector of LMP2/B1i
can be inserted into uterine leiomyosarcoma cells (SK-LMS)
that have lost LMP2/B1li expression, and LMP2/B1i stable
transformant SK-LMS cells were created in which LMP2/B1i is
constitutively expressed. To investigate the differences in gene
expression between SK-LMS cells and stable transformant SK-
LMS cells, gene profiling was created using these two cell types.
We, the medical staff, used the factors specifically expressed
in Ut-LMS cells obtained from the results of gene profiling as
specific marker candidate factors for uterine leiomyosarcoma
cells. In this clinical study, to develop targeted therapeutics and
diagnostic methods for Ut-LMS, we investigated the expression
levels of Ut-LMS cell-specific marker candidate factors in
extracted tissues obtained from patients suspected of developing
uterine mesenchymal tumors by the immunohistochemical
(IHC) staining using the appropriate monoclonal antibodies and
our results were examined. Based on the results of the clinical
study, we verified the biomarker candidate factors for Ut-LMS.
Five candidate factors were identified as pathological variants of
Ut-LMS, including LMP2/B1i and cyclin E1. These biomarker
candidate factors have the potential to be diagnostic biomarkers
and target molecules for new therapeutic approaches.

Materials and Methods.
Tissue collection: A total of 334 patients aged 32-83
years with suspected development of uterine smooth muscle
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tumors were selected from the histopathological file [22,23].
Continuous sections were taken from at least two tissue blocks
in each patient for hematoxylin and eosin staining and ITHC.
We performed an analysis of the removed tissue after obtaining
each patient’s written consent. This clinical study was approved
by the ethics committees of Shinshu University, Kyoto Medical
Center, and Kyoto University.

Immunohistochemistry (IHC) experiment: To examine the
expression levels of the five candidate factors, IHC staining was
performed on sequential sections of excised tissue from uterine
mesenchymal tumors containing human Ut-LMS or uLMA.
The anti-human cyclin E1 monoclonal antibody was purchased
from Immunotech (Marseille, France). The anti-human LMP2/
B1i antibody was produced in a joint research and development
project of SIGMA-Aldrich Israel Ltd. (Rehovot, Israel) and our
research team. Anti-human cyclin B monoclonal antibodies and
anti-human caveolin monoclonal antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).
The THC experiment was performed using the avidin-biotin
complex method described above. Briefly, we prepared a
S5-mm-thick slice of tissue sections from paraffin-embedded
hysterectomy samples from each patient with a mesenchymal
tumor. Tissue sections from the patients were deparaffinized
and rehydrated in graded concentrations of ethyl alcohol.
Tissue sections were incubated with normal mouse serum for
20 minutes and then incubated with primary antibodies for 4
hours at room temperature, after which they were incubated
with a biotinylated secondary antibody (Dako, CA) and reacted
with a streptavidin complex (Dako). Reacted tissue sections
were stained with a solution of 3,3-diaminobenzidine (DAB;
Dako, CA) and counterstained with hematoxylin. The normal
myometrial portion of the tissue section as a specimen was
used as a positive control. The negative control consisted of
tissue sections incubated with normal rabbit IgG instead of the
primary antibody. These experiments were conducted at Shinshu
University, the National Hospital Organization Kyoto Medical
Center, and Kyoto University Hospital per local guidelines
(Approval No. M192).

Results.

Mice deficient in the Lmp2/B1i gene have been reported to
develop Ut-LMS spontaneously [24]. Compared with normal
uterine smooth muscle and uterine smooth muscle type tissues,
LMP2/B1i expression is significantly lower or negative in Ut-
LMS tissues. Therefore, defective LMP2/B1i expression is
considered one of the risk factors for Ut-LMS [25,18]. The
antitumor response mediated by MHC class I molecules is a
process influenced by the function of the proteasome induced
by stimulation with interferon y (IFN-y) [26,27]. These findings
support the fact that [IFN-y prevents the development of primary
tumors and exhibits tumor suppression effects through immune
responses [26,28]. LMP2/Bli expression is significantly
induced by IFN-y, and the activation of signal transducer and
activator of transcription (STAT) 1 by stimulation with IFN-y
induces upregulation of tumor suppressors, including interferon
regulatory factor 1 (IRF1). IRF1 functions as a transcriptional
regulator that plays an important role in the regulation of
LMP2/B1i expression [29,30]. Reduced IRF1 levels caused by



LMP2/B1i deficiency could constitute a risk factor for Ut-LMS
[25]. In 85% of tissues removed from patients with Ut-LMS,
a marked decrease in LMP2/B1i protein expression is noted.
The results of LMP2/B1i immunostaining are useful for the
differential diagnosis of Ut-LMS and ULMA [31]. LMP2/B1i
is a promising diagnostic marker candidate factor for Ut-LMS,
and it has the potential to become a target molecule for new
therapies. One Ut-LMS case was stained with LMP2/B1i. In our
clinical studies, expression of LMP2/B1i was negative in most
human uterine leiomyosarcoma tissues. However, expression
of LMP2/B1i was observed in only one case of human uterine
leiomyosarcoma. In this one case, an amino acid mutation was
found in the activation region of LMP2/B1i. It is likely that this
amino acid mutation causes the loss of biological activation of
LMP2/B1i.

Since the expression of cyclin E1 in Ut-LMS was observed
to be higher than that of uLMA and normal uterine smooth
muscle layers, this clinical study aimed to verify the expression
of cyclin E1 in the extracted tissue obtained from each case. The
results of IHC experiments showed that staining with cyclin E1
was observed in all tissue samples obtained from patients with
Ut-LMS. Pathological examinations of excised tissue samples
revealed the presence of a mass with a diameter of up to 3 cm
in the lumbar quadriceps muscle without a fibrous capsule. All
lymph node tissues tested negative for Ut-LMS metastases. The
results of the IHC experiments showed the positive expression
of cyclin El and Ki-67 and the negative expression of LMP2/
B1i. The histopathologic findings of metastatic Ut-LMS of
skeletal muscle and rectal lesions were consistent with the
primary histopathologic findings of Ut-LMS.

Our medical staff has previously demonstrated an association
between the abnormal expression of the female hormone
estrogen receptor and tumor protein 53 (TP53) and the
proliferation marker Ki-67/MIB1 (Ki-67/MIB1) and the
mutation of TP53 and the pathogenesis of Ut-LMS. LMP2/B1i
expression deficiency is associated with these factors [32,33].
Compared with these factors, LMP2/B1i expression deficiency
is highly useful as a feature of Ut-LMS (Table). In subsequent
experiments, both estrogen receptor and progesterone receptor
were stained in almost all uLMAs, regardless of the phase of the
menstrual cycle, and the number of Ki-67/MIBI1 positive cells in
the uLMA was significantly lower than in the Ut-LMS (Table).
The THC experiment performed using candidate biomarkers
of uterine mesenchymal tumors (i.e., cyclin E, Ki-67, LMP2/
B1i) may facilitate the differentiation of smooth muscle tumor
uncertain malignancy potential (STUMP), which is difficult to
diagnose via histopathological examinations of excised tissue
samples, and uterine leiomyomas and leiomyosarcoma.

STUMP is a general term for uterine mesenchymal tumors
whose malignancy is difficult to determine through pathological
examination based on the malignancy category and findings such
as cytoskeleton. In a clinical study conducted by our research
group, IHC testing was performed using anti-human cyclin E
monoclonal antibody and anti-human Ki-67/MIB1 monoclonal
antibody on tumor tissues removed by surgical treatment from
patients who were diagnosed with Ut-LMS or STUMP and died
within 5 years after surgical treatment (Ut-LMS = 10 cases,
STUMP = 7 cases). Compared to Ut-LMS tumor tissue, the
percentage of Ki-67/MIBI1 positive cells in STUMP tumor tissue
is lower (Figure 1). However, the expression level of Ki-67/

Table 1. Differential expressions of SMA, Caveolinl, Cyclin B, Cyclin E, LMP2, NT5DC2, CD133, and Ki-67 in human uterine mesenchymal

tumors and uterine LANT-like tumor.

Mesenchymal tumor Age Protein expression*
types years SMA CAV1
Normal 30s-80s 84 +++ -
Leiomyoma (LMA) 102+ ++
(Ordinally leiomyoma)  30s-80s 57 A+t ++
(Cellular leiomyoma) 45) ++ ++
Cotyledonoid dissectin;

leim);lyoma (CDL) ® 508 2 N i
STUMP 40s-60s 34 ++ ++
Lipoleiomyoma 40-50s 4 NA ++
Bizarre Leiomyoma 40s-50s 12 ++ ++
Intravenous LMA 50s 5 ++ ++
Benign metastasizing  50s 1 ++ ++
Leiomyosarcoma 30s-80s 127 -+ +
Rhabdomyosarcoma 10s,50s 3 NA ++
U.LANT"-like tumour 40s 1 ++ +

CCNB CCNE LMP2 NT5DC2 CD133 Ki-67
- - +++ - - -

-+ -/(+) +++ -/+ - +/-
-1+ - +++ -1+ +/-
-/+ -/(+) ++ -/+ +/-

+ + ++ -+ - ++

+ -/+ -1+ -+ NA +/++
-+ + +++ NA NA ++
-/+ + Focal+ + NA +

+ + - NA ++ +

+ ++ - NA NA ++
++ +++ -/+ ++ ++ +/+++
-+ +++ +++ NA NA NA
NA ++ - NA NA -

*Staining score of expression of SMA, CAV1 (Caveorin 1), CCNB (Cyclin B), CCNE (Cyclin E), LMP2 (low molecular protein 2), NTSDC2
(5"-Nucleotidase Domain Containing 2) and Ki-67 from results of IHC experiments. Protein expression™®; estimated-protein expressions by
immunoblot analysis, immunohistochemistry (IHC) and/or RT-PCR (quantitative-PCR),-/+; partially positive (5% to 10% of cells stained and
<0.2), Focal+; Focal-positive (focal or sporadic staining with less than 5% of cells stained and <0.3), ++, staining with 5% or more, less than
80% of cells stained and >0.3, +++; diffuse-positive (homogenecus distribution with more than 80% of cells stained and >0.4), -; negative (no
stained cells). U.LANT-like tumour; uterine leiomyomatoid angiomatous neuroendocrine tumour-like tumour, LMP2, cyclin E, caveolinl, NT5DC2,
CD133, Ki-67. STUMP (Smooth muscle tumor of uncertain malignant potential). Cyclin E, LMP2, Caveolinl are potential biomarker for human
uterine mesenchymal tumors. LANT, leiomyomatoid angiomatous neuroendocrin tumour (LANT) is described as a dimorphic neurosecretory

tumor with a leiomyomatous vascular component. NA; no answer.
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MIB1 in STUMP tumor tissues was higher than that in Ut-LMS
tumor tissues (Figure 1). Compared to Ut-LMS tumor tissue,
the percentage of cyclin E-positive cells in STUMP tumor tissue
is slightly lower (Figure 1). However, the expression level of
cyclin E in STUMP tumor tissues was higher than that in Ut-
LMS tumor tissues (Figure 1). Therefore, the over survival
was compared between a group of uterine leiomyosarcoma and
STUMP with high expression of Cyclin E and Ki-67/MIB1
and a group of uterine leiomyosarcoma and STUMP with
low expression of Cyclin E and Ki-67/MIB1. Survival curves

A
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indicated that the expression levels of Cyclin E and Ki-67/MIB1
in uterine leiomyosarcoma or STUMP tissues may indicate the
prognosis of patients with uterine leiomyosarcoma or STUMP
(Figure 2).These results suggest that cases of gynecological
mesenchymal tumors whose malignancy was not determined
by surgical pathology and who were differentiated as STUMP and
whose THC tests showed high expression levels of cyclin E and ki-
67/MIB1 may have a poor prognosis. The expression levels of cyclin
E and Ki-67/MIB1 in uterine mesenchymal tumors are considered to
be candidate factors for predictive markers of life prognosis.
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A. High expression of Cyclin E and Ki-67/MIB1 was observed in Ut-LMP tissues and STUMP tissues removed by surgical treatment from Ut-LMS
or STUMP patients who died within 5 years of surgical treatment. However, in Ut-LMP tissues and STUMP tissues removed by surgical treatment,
no correlation was found between the Cyclin E or Ki-67/MIBI positivity rate % (number of cells positive for each factor/total number of cells x

100) and the life prognosis of Ut-LMS or STUMP patients.

B. The positive rate of cells expressing Cyclin E or Ki-67/MIB1 is the number of cells expressing Cyclin E or Ki-67/MIB1 divided by the total
number of cells. The positive rate of cells expressing Cyclin E or Ki-67/MIB1 are plotted in the graphs. The expression levels of Cyclin E or Ki-67/
MIBI were quantified by an image analysis device, Mantra 2™ Quantitative Pathology Workstation (Akoya Biosciences, Inc. Marlborough, MA,
USA). The expression levels of Cyclin E or Ki-67/MIBI are plotted in the graphs.
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Figure 2. Correlation between expression levels of Cyclin E and Ki-67/MIB1 and prognosis of uterine leiomyosarcoma and STUMP.

The over survival was compared between a group of uterine leiomyosarcoma and STUMP with high expression of Cyclin E and Ki-67/MIB1 and
a group of uterine leiomyosarcoma and STUMP with low expression of Cyclin E and Ki-67/MIB1. Survival of patients with benign mesenchymal
tumors is consistently 100%. A correlation was observed between the expression levels of Cyclin E and Ki-67/MIB1 and the prognosis of uterine

leiomyosarcoma and STUMP.

Discussion.

Recent clinical reports have shown the expression of Lmp2/
Bf1i mRNA and proteins in luminal and glandular epithelium,
chorionic placenta, chorionic pancreatic cells, and arterial
endothelial cells [34]. These results suggest that LMP2/B1i is
involved in placental villus infiltration, extracellular matrix
degradation, immune tolerance, glandular secretion, and
angiogenesis [34]. This study is expected to help elucidate the
regulatory role of LMP2/B1i in embryo implantation. Cyclin E1
immunoreactivity was observed in the nucleus and cytoplasm
of cells in all Ut-LMS cases studied, while most cases of uLMA
and normal myometrium tested negative for cyclin E1. Cyclin
E1 is a regulatory protein involved in mitosis, and CDK and the
gene product complex combine to form a maturation-promoting
factor (MPF) [35]. Cyclin E1/CDK2 is involved in early mitotic
events such as chromosomal condensation, nuclear membrane
disruption, and spindle pole assembly. When cyclin E1 levels are
depleted, the cyclin E1/CDK1 complex cannot be formed, and
cells cannot enter the M phase, which slows down cell division.
Some anticancer therapies are designed to prevent the formation
of cyclin E1/CDK2 complexes in cancer cells and slow down
or prevent cell division [36]. While most of these methods
target the CDK2 subunit, there is growing interest in targeting
cyclin E1 as well in the field of oncology. In other words,
cyclin E1 regulation may provide clues to the development of
new treatment options for uterine leiomyosarcoma. However,
clinical risk factors for its development have not been identified
due to the absence of suitable experimental animals. LMP2/B1i-
deficient mice were the first spontaneous animal models of Ut-
LMS. Therefore, poor LMP2/B1i expression might be one of the
causes of Ut-LMS.

To date, several candidate factors as biomarkers have
been reported for uterine leiomyosarcoma. For example,
5'-Nucleotidase Domain Containing 2 (NT5DC2) and tyrosine
kinase-like orphan receptor 1 (ROR1) have been identified as
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possible factors that induce Ut-LMS proliferation. It was not
detected as a biomarker candidate for Ut-LMS [37,38]. In actual
clinical practice, cancer genomic medicine is used to select new
antitumor agents for patients with advanced recurrent cancer by
cancer gene panel testing. To date, new antitumor agents have
been selected for several patients with advanced recurrent Ut-
LMS by oncology gene panel testing; however, pathological
variants of NTSDC2 and ROR1 molecules have not been
detected.

Nevertheless, this clinical study has a few limitations, the
main one being the fact that it was conducted in a cohort with
a small number of cases. Therefore, to adequately demonstrate
whether LMP2/B1i and cyclin E1 and Ki-67/MIB1 are potential
biomarkers to differentiate between Ut-LMSs and uLMAs,
the reliability and properties of LMP2/B1i and cyclin E1 as
diagnostic indicators are being investigated at several clinical
research sites. Clinical research is not over yet, and large-
scale clinical trials need to be conducted to verify the findings
obtained this time.

Conclusion.

The correlation between candidate biomarkers for uterine
mesenchymal tumors (LMP2/B1i, cyclin El, Ki-67) and the
development of Ut-LMS has been revealed, and the identification
of specific risk factors may lead to the development of new
treatments for this disease. Ut-LMS is resistant to chemotherapy
and has a poor prognosis. Molecular biological and cytological
information derived from further research experiments with
human tissues and LMP2/Bli-deficient mice will contribute
significantly to the development of prophylaxis, potential
diagnostic biomarkers, and new therapies for Ut-LMS.

(Note 1) The typical macroscopic appearance is a large (>10
cm), poorly bounded mass with a soft, fleshy consistency
and a gray yellow to pink variegated cut surface with foci of
hemorrhage and necrosis [6,7]. The histological classification
of uterine sarcoma is based on homology with normal cell types



and includes human Ut-LMS (similar to the myometrium),
stromal sarcoma (similar to the endometrial stroma), and other
heterogeneous cell types (i.e., osteosarcoma and liposarcoma).
Microscopically, most human Ut-LMS are clearly malignant,
with hypercellularity, coagulative tumor cell necrosis, and
abundant mitoses [>10-20 mitotis per 10 high-power fields]
mf)], atypical mitosis, and cytological atypia. The mitotic rate is
the most important determinant of malignant tumors; however,
it is corrected by the presence of necrosis and cytological atypia.
The diagnosis of human Ut-LMS can be made in the presence
of tumor necrosis and mitosis. In the absence of tumor necrosis,
the diagnosis can be made in the case of moderate-to-severe
cytological atypia and a mitotic index greater than 10 mf/10 hpf.
In the absence of necrosis and significant atypia, a high mitotic
index is compatible with a benign clinical course; however,
supporting data are limited [6,7].
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