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A novel diagnostic biomarker for human uterine leiomyosarcoma:
PSMBY/B1i
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Takuma Hayashi (Shinshu University School of Medicine)
discussed a novel biomarker for detecting human uterine
leiomyosarcoma (LMS). Patients with uterine LMS
typically present with vaginal bleeding, pain and a pelvic
mass, with atypical presentations of hypercalcemia and
eosinophilia also being reported (1-3). There is concern that
radiographic evaluation with combined positron emission
tomography/computed tomography, which is commonly
used to aid assessment of patient prognosis, might not
necessarily be effective for diagnosis and surveillance of
human uterine LMS (4-6). Unfortunately, radiographic
imaging cannot provide any medical information to
help distinguish between benign leiomyoma (LMA) and
malignant human uterine LMS (7).

Importantly, diagnostic biomarkers that are able to
distinguish between human uterine LMS and LMA are
not yet established. The mice with a targeted disruption of
proteasome subunit beta type (PSMB) 9/B11i, which is IFN-
y-inducible proteasome beta subunit, exhibited a defect
in tissue- and substrate-dependent proteasome function,
Hayashi’s research group reports that PSMB9/Bli-deficient
mice exhibit spontaneous development of human uterine
LMS, with a disease prevalence of ~37% by 12 months of
age (8,9). The current focus of Hayashi’s research is to probe
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the loss of PSMB9/B1i expression in human uterine LMS,
as well as the detectable expression of the protein in human
LMA (10,11). Defective expression of PSMB9/B1i is likely
to be one of the risk factors for the development of human
uterine neoplasms, as it is in the PSMB9-deficient mouse.
Thus, PSMB9/B1i is useful as a novel diagnostic biomarker
for human uterine LMS, and Hayashi’s research group have
been trying to establish a novel diagnostic biomarker with
PSMBY/B1i, which can distinguish the human uterine LMS
from other human uterine mesenchymal tumours including
LMA under the SIGMA-Aldrich Collaboration Laboratory
Project.

The immunohistochemistry (IHC) experiments,
performed separately at several medical facilities, revealed a
serious loss in the ability to induce PSMB9/B1i expression
in human uterine LMS tissues in comparison with normal
human myometrium tissues located in same tissue sections:
normal myometrium; total 73 cases, uterine LMA; total
52 cases, Bizarre LMA; total 3 cases, uterine LMS; total
58 cases. Of the 58 patients with uterine LMS that we
examined, 49 were negative for PSMB9/B1i expression,
4 were focally positive, and 3 were partially positive. Two
patients with uterine LMS were analyzed for PSMB9/
Bli expression (10,11) (Table 1). PSMB9/B1i levels were
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Table 1 Differential expression of PSMB9/B1i in human uterine mesenchymal tumors

PSMB9/B1i expression*

Myometrium and tumors Age n ; P 3
- —/+ focal+ +++
Normal 32-83 73 73
Leiomyoma 33-83 52 52
Ordinaly leiomyoma
Cellular leiomyoma
Tumor of uncertain malignant potential
Bizarre leiomyoma 44, 45,55 3 3
Leiomyosarcoma 32-83 58 49 3 4 2

*, staining score of PSMB9/B1i expression from results of immunohistochemistry (IHC) experiments. —/+1, partially positive (5% to 10% of
cells stained); focal+2, focal-positive (focal or sporadic staining with less than 5% of cells stained); +++3, diffuse-positive (homogeneous
distribution with more than 90% of cells stained); —, negative (no stained cells).

also evaluated in skeletal muscle and rectal metastases
from individual patients with uterine LMS, where surgical
samples showed the presence of a mass measuring 3 cm in
maximum diameter in the lumbar quadrate muscle without
a fibrous capsule. All lymph nodes were negative for LMS
metastases, and IHC analyses showed positivity for Ki-67
(clone MIBI1) and negativity for PSMB9/B1i. The defective
PSMBY9/B1i expression detected in primary uterine LMS
was also observed in the metastatic LMS of the skeletal
muscle and rectum, indicating that the metastatic lesions
conserved this biological characteristic of primary uterine
LMS. In both western blotting and RT-PCR experiments,
PSMBY/B1i was expressed in uterine LMA, Bizarre LMA
and normal myometrium but not in human uterine LMS,
which was strongly supportive of the IHC findings.
Furthermore, analysis of a human uterine LMS cell line
clarified the biological significance of PSMB9/B1i in
malignant myometrium transformation and cell cycle, thus
implicating PSMB9/B1i as an anti-tumorigenic candidate
(10,11). Uterine LMS reportedly is a highly metastatic
smooth muscle neoplasm for which calponin h1 is suspected
to have a biological role as a tumor-suppressor. Moreover,
several lines of evidence indicate that although calponin hl
does not directly influence tumorigenesis, it clearly affects
PSMBY9/B1i-induced cellular morphological changes (12).
This role of PSMB9/B1i as a tumor suppressor may lead to
new therapeutic targets in human uterine LMS.

Conclusions

Defective PSMB9/B1i expression is likely to be one of
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the risk factors for the development of human uterine
neoplasm, as it is in the PSMB9/B1i deficient mouse. Thus,
combination of PSMB9/B1i with other functional candidates
is useful for a novel diagnostic biomarker for human uterine
LMS (13-15). Additionally, gene therapy with PSMB9/
Bli expression vectors may be a new treatment for human
uterine LMS that exhibit a defect in PSMB9/B1i expression.
Because there is no effective therapy for unresectable
uterine LMS, our results may bring us to specific molecular
therapies to treat this disease.

Experimental procedure

THC was performed using the avidin-biotin complex method
previously described. Briefly, one representative 5-pm
tissue section was cut from a paraffin-embedded sample
of the radical hysterectomy specimen from 58 patients
with uterine LMS, 52 patients with LMA, 3 patients with
Bizarre LMA, normal myometrium total 73 cases. Sections
were deparaffinized and rehydrated in graded alcohols
and then incubated with normal mouse serum for 20 min.
Sections were incubated at room temperature for 1 h with
anti-human PSMBY9/B1i antibody (SIGMA-Aldrich Israel,
Rehovot, Israel, dilution 1/100). Afterwards, sections were
incubated with a biotinylated secondary antibody (Dako,
Carpinteria, CA, USA) and then exposed to a streptavidin
complex (Dako). Complete reaction was revealed by
3,3’-diaminobenzidine, and the slide was counterstained
with hematoxylin. Twenty one normal human myometrium
sections from specimens were used as positive controls.
Negative controls consisted of tissue sections also incubated
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with normal rabbit IgG instead of the primary antibody.
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