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To the Editor

Sarcomas are a rare form of malignant tumor, with less than 15,000 
new cases being diagnosed each year in the United States. In spite 
of their rarity, sarcomas are highly debilitating malignancies that 
are often associated with significant morbidity and mortality. They 
are also biologically very heterogeneous because they originate 
from many different tissues and cell types. Sarcomas have clas-
sically been defined by their tissue of origin and are additionally 
stratified according to their histopathology or the age of the patient 
at diagnosis. Uterine mesenchymal tumors that develop in the myo-

metrium have traditionally been divided into benign uterine usual 
LMA, cellular LMA and malignant Ut-LMS based on cytological 
atypia, mitotic activity and other criteria. Ut-LMS is relatively rare, 
having an estimated annual incidence of 0.64 per 100,000 women 
[1], and is resistant to chemotherapy and radiotherapy; therefore, 
surgical interventions are virtually the only means of treatment [2, 
3]. The prognosis of patients with Ut-LMS is poor, and the 5-year 
survival rate is approximately 35%. Uterine LMA may occur in 
70-80% of women by the age of 50 years [4]. Difficulties have 
been reported in distinguishing Ut-LMS from other uterine mesen-
chymal tumors including uterine LMA, and a diagnosis generally 
requires surgery and cytoscopy. Diagnostic categories for uterine 
mesenchymal tumors and morphological criteria are used to assign 
cases. The non-standard subtypes of uterine mesenchymal tumors 
such as the epithelioid and myxoid types are classified in a different 
manner using these features; therefore, a diagnostic method needs 
to be established that can identify non-standard smooth muscle dif-
ferentiation [5, 6].

High estrogen levels have been shown to significantly influ-
ence the development of tumors in the uterine body [7]. However, 
the molecular mechanisms underlying the transformation of uterine 
LMA and development of Ut-LMS remain unknown. Tumors that 
have developed and grown in the myometrium increase in size due 
to the influence of the female hormone, estrogen, which leads to 
the generation of more tumors. However, a relationship has not yet 
been reported between the development of Ut-LMS and hormonal 
conditions, and no obvious risk factors have been identified. The 
identification of risk factors associated with the development of hu-
man Ut-LMS will contribute significantly to the development of 
preventive and therapeutic treatments. Cytoplasmic proteins are 
mostly degraded by a protease complex referred to as the 20S pro-
teasome, which has many substrates that consist of twenty-eight 
20 to 30 kDa subunits [8, 9]. Proteasomal degradation is essential 
for many cellular processes, including the cell cycle, regulation of 
gene expression and immunological function [10]. A previous study 
reported that an interferon (IFN)-γ treatment induced the expres-
sion of large numbers of responsive genes, the β-ring subunits of 
proteasomes, i.e., low-molecular mass polypeptide (LMP)2/β1i, 
LMP7/β5i and LMP10/multicatalytic endopeptidase complex-like 
(MECL)-1/β2i [11]. Ut-LMS was detected in female LMP2/β1i-
deficient mice at 6 months or older, and its incidence at 14 months 
was approximately 40% [12]. Histopathological studies of LMP2/
β1i-lacking uterine tumors have revealed the characteristic abnor-
malities of Ut-LMS [12].

The non-standard subtypes of uterine mesenchymal tumors 
such as the epithelioid and myxoid types have been classified in a 
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different manner using these features; therefore, a diagnostic meth-
od needs to be established that can identify non-standard smooth 
muscle differentiation [5, 6]. Pathological studies have been per-
formed to demonstrate the validity and reliability of LMP2/β1i as 
a diagnostic biomarker when combined with other candidate mol-
ecules, such as cyclin E and calponin h1, which reportedly function 
as anti-oncogenic factors in human Ut-LMS. Pathological examina-
tions revealed that the ability to induce the expression of LMP2/
β1i and calponin h1 was markedly lower in human Ut-LMS tissues 
than in uterine LMA or a normal myometrium located in the same 
section, and the expression of cyclin E was markedly high in human 
Ut-LMS tissues only [13-16]. The histological findings of skeletal 
muscle and rectum lesions were consistent with metastatic Ut-LMS 
[13, 14]. Western blotting and RT-PCR experiments revealed that 
LMP2/β1i was expressed in a normal myometrium, but not in hu-
man Ut-LMS, and both findings strongly supported the pathological 
results [13, 14, 16, 17]. Although we previously demonstrated that 
the abnormal expression of the ovarian steroid receptors, Tp53, ki-
67 and mutations in Tp53 were frequently associated with Ut-LMS, 
the defective expression of LMP2/β1i and calponin h1 appeared to 
be more characteristic of human Ut-LMS than these factors [14, 15, 

18-20] (Fig. 1).
We are currently collaborating with several clinical research 

facilities to investigate the reliability and characteristics of LMP2/
β1i as a diagnostic indicator. The histopathological characteristics 
of human uterine mesenchymal tumors including mitotically active 
leiomyoma, bizarre leiomyoma, lipoleiomyoma, undifferentiated 
endometrial sarcoma, epithelioid variant leiomyosarcoma, myxoid 
variant leiomyosarcoma, smooth muscle tumors of uncertain ma-
lignant potential (STUMP) and leiomyomatoid angiomatous neuro-
endocrine tumor (LANT) have already been summarized [21-24]. 
Therefore, clarifying the relationships between these factors and 
the development of human Ut-LMS, and identifying specific risk 
factors may lead to the development of new clinical treatments for 
this disease.
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Figure 1. Summary of IHC experiments for p53, LMP2, cyclin B, calponin h1 and ki-67 expression levels in leiomyoma (LMA) and 
leiomyosarcoma (LMS). IHC experiments were performed using seven LMA tissue samples and 23 LMS tissue samples obtained 
from patients with LMA and/or LMS. Data were quantified using WinROOF Ver.6.3.0 software (Mitani Co., Ltd, Fukui, Japan). P vales 
were generated using a t-test. Data are representative of three experiments. +++: diffuse-positive (homogeneous distribution with 
more than 90% of cells stained), -: negative (no stained cells).
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