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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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)/β1i 
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/β1i expression and enhanced cyclin E1 and Ki-67/
MIB1 expression. In human uterine leiomyomas and normal 
uterine smooth muscle layers, enhanced LMP2/β1i 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/β1i, cyclin E1, 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/β1i, Cyclin B1, 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 

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-γ 
(IFN-γ) induces the combinational expression of the proteasome 
subunit’s low-molecular-weight polypeptides (LMP)2/β1i, 
LMP7/β5i, and LMP10/β10i. Molecular approaches to studying 
the correlation between IFN-γ and tumor cell proliferation 
have attracted much attention [10]. LMP2/β1i expression may 
be associated with cell survival [11,12]. Homozygous mice 
deficient in LMP2/β1i show abnormalities in tissue-dependent 
or substrate-dependent proteasome biological functions. Ut-
LMS occurred in female LMP2/β1i-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/β1i expression [17]. Per previous experimental 
results, cyclin E1 is overexpressed in human mesenchymal 
tumors [18-21]. Therefore, an expression vector of LMP2/β1i 
can be inserted into uterine leiomyosarcoma cells (SK-LMS) 
that have lost LMP2/β1i expression, and LMP2/β1i stable 
transformant SK-LMS cells were created in which LMP2/β1i 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/β1i 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 

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 IHC. 
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/
β1i 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 IHC experiment was performed using the avidin-biotin 
complex method described above. Briefly, we prepared a 
5-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/β1i gene have been reported to 
develop Ut-LMS spontaneously [24]. Compared with normal 
uterine smooth muscle and uterine smooth muscle type tissues, 
LMP2/β1i expression is significantly lower or negative in Ut-
LMS tissues. Therefore, defective LMP2/β1i 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 γ (IFN-γ) [26,27]. These findings 
support the fact that IFN-γ prevents the development of primary 
tumors and exhibits tumor suppression effects through immune 
responses [26,28]. LMP2/β1i expression is significantly 
induced by IFN-γ, and the activation of signal transducer and 
activator of transcription (STAT) 1 by stimulation with IFN-γ 
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/β1i expression [29,30]. Reduced IRF1 levels caused by 
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LMP2/β1i 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/β1i protein expression is noted. 
The results of LMP2/β1i immunostaining are useful for the 
differential diagnosis of Ut-LMS and ULMA [31]. LMP2/β1i 
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/β1i. In our 
clinical studies, expression of LMP2/β1i was negative in most 
human uterine leiomyosarcoma tissues. However, expression 
of LMP2/β1i 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/β1i. It is likely that this 
amino acid mutation causes the loss of biological activation of 
LMP2/β1i.

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 E1 and Ki-67 and the negative expression of LMP2/
β1i. 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/β1i 
expression deficiency is associated with these factors [32,33]. 
Compared with these factors, LMP2/β1i 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/MIB1 positive cells in 
the uLMA was significantly lower than in the Ut-LMS (Table). 
The IHC experiment performed using candidate biomarkers 
of uterine mesenchymal tumors (i.e., cyclin E, Ki-67, LMP2/
β1i) 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/MIB1 positive cells in STUMP tumor tissue 
is lower (Figure 1). However, the expression level of Ki-67/

Mesenchymal tumor 
types

Age
years n Protein expression*

SMA CAV1 CCNB CCNE LMP2 NT5DC2 CD133 Ki-67
Normal 30s-80s 84 +++ - - - +++ - - -
Leiomyoma (LMA)
(Ordinally leiomyoma)
(Cellular leiomyoma)

30s-80s
102
(57)
(45)

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

Cotyledonoid dissecting 
leiomyoma (CDL) 50s 2 +++ ++ + + ++ -/+ - ++

STUMP 40s-60s 34 ++ ++ + -/+ -/+ -/+ NA +/++
Lipoleiomyoma 40-50s 4 NA ++ -/+ + +++ NA NA ++
Bizarre Leiomyoma 40s-50s 12 ++ ++ -/+ + Focal+ + NA +
Intravenous LMA 50s 5 ++ ++ + + - NA ++ +
Benign metastasizing 50s 1 ++ ++ + ++ - NA NA ++
Leiomyosarcoma 30s-80s 127 -/+ + ++ +++ -/+ ++ ++ ++/+++
Rhabdomyosarcoma 10s,50s 3 NA ++ -/+ +++ +++ NA NA NA
U.LANT#-like tumour 40s 1 ++ + NA ++ - NA NA -
*Staining score of expression of SMA, CAV1 (Caveorin 1), CCNB (Cyclin B), CCNE (Cyclin E), LMP2 (low molecular protein 2), NT5DC2 
(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, caveolin1, NT5DC2, 
CD133, Ki-67. STUMP (Smooth muscle tumor of uncertain malignant potential). Cyclin E, LMP2, Caveolin1 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.

Table 1. Differential expressions of SMA, Caveolin1, Cyclin B, Cyclin E, LMP2, NT5DC2, CD133, and Ki-67 in human uterine mesenchymal 
tumors and uterine LANT-like tumor.
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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 

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 IHC 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.

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/MIB1 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/
MIB1 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/MIB1 are plotted in the graphs.
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Discussion.
Recent clinical reports have shown the expression of Lmp2/

β1i mRNA and proteins in luminal and glandular epithelium, 
chorionic placenta, chorionic pancreatic cells, and arterial 
endothelial cells [34]. These results suggest that LMP2/β1i 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/β1i 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/β1i-
deficient mice were the first spontaneous animal models of Ut-
LMS. Therefore, poor LMP2/β1i 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 

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 NT5DC2 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/β1i and cyclin E1 and Ki-67/MIB1 are potential 
biomarkers to differentiate between Ut-LMSs and uLMAs, 
the reliability and properties of LMP2/β1i 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/β1i, cyclin E1, 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/β1i-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 

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.
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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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