
GYNECOLOGY

Aberrant expression of erythropoietin
in uterine leiomyoma: implications in
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OBJECTIVE: Myomatous erythrocytosis syndrome is a rare compli-
cation of uterine leiomyoma caused by erythropoietin (EPO) that is
produced by tumor cells. We assessed the EPO expression in leio-
myomas and investigated the effects of EPO on the tumor growth.

STUDY DESIGN: Tissue samples were collected from 114 patients
with uterine leiomyomas who underwent myomectomy or hysterec-
tomy in Yokohama City University Hospital. From 17 patients, the
corresponding normal myometrium was also collected. All samples
were analyzed for EPO messenger RNA (mRNA) expression by real-
time reverse transcription-polymerase chain reaction. EPO protein
expression was determined by an enzyme-linked immunosorbent
assay. The relationships between EPO expression and clinicopatho-
logical features were retrospectively analyzed using the patients’
charts. Blood vessel density and maturity were assessed using
hematoxylin-eosin staining and CD34 immunohistochemistry.

RESULTS: EPO mRNA expression was detected in 108 of 114, or
95%, of the leiomyomas. The mean EPO mRNA expression in the
leiomyoma was higher than the corresponding normal myometrium
(3836� 4122 vs 1455� 2141; P¼ .025 by Wilcoxon rank test). The

EPO mRNA expression in the leiomyomas varied extensively among
samples, ranging from undetectable levels to 18-fold above the mean
EPO mRNA of normal myometrium. EPO protein production was
observed concomitant with mRNA expression. A positive correlation
of leiomyoma size and EPO mRNA expression was shown by
Spearman rank correlation coefficient (r ¼ 0.294; P ¼ .001), sug-
gesting the involvement of EPO in leiomyoma growth. The blood
vessel maturity was also significantly increased in EPO-producing
leiomyomas (high vessel maturity in high vs low EPO group: 67%
vs 20%; P ¼ .013 by Fisher exact test).

CONCLUSION: This report demonstrates that EPO is produced in
most of conventional leiomyomas and supports a model in which
EPO accelerates tumor growth, possibly by inducing vessel maturity.
Our study suggests one possible mechanism by which some uterine
leiomyomas reach a large size, and the understanding of EPO
expression patterns in these tumors may be useful for management
of the patients with leiomyomas.
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U terine leiomyoma is a benign tu-
mor, frequently affecting women

of reproductive age. The estimated cu-
mulative incidence of uterine leiomyo-
ma by the age of 50 years is greater than

70%.1 The progression of uterine leio-
myomas can follow a variety of courses.
Some tumors stay small for years, where-
as others may enlarge tremendously and
rapidly. Estrogen and progesterone are

known to support the growth of ute-
rine leiomyoma2; however, the mecha-
nism by which some leiomyomas grow
to a great size remains unclear.

Erythropoietin (EPO) is a glycoprotein
hormone essential to the regulation of
erythrocyte production.3 The possible
association between EPO and leiomyoma
was first observed in the case of myo-
matous erythrocytosis syndrome (MES)
by Thomson and Marson in 1953.4 This
rare clinical condition was defined as
erythrocytosis with uterine leiomyoma
and diagnosed by restoration of normal
hematological values following the re-
moval of the uterine leiomyoma.5

The recent studies of MES have re-
ported the expression of EPO protein or
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messenger RNA (mRNA) in the uterine
leiomyomas of MES patients, which sug-
gests that EPO produced by leiomyoma
cells may play a role in the development
of this syndrome.6-8 According to the
largest clinicopathological review of MES
cases by LevGur and Levie,9 the anatom-
ical sizes of the leiomyoma were often
very large, and half the MES cases were
postmenopausal. Therefore, we hypoth-
esize that EPO may act as a factor that
stimulates the enlargement of leiomyo-
mas in both premenopausal and post-
menopausal women.

In this study, we assessed the expres-
sion of EPO mRNA and protein in a set
of 114 uterine leiomyomas. We deter-
mined the correlation between EPO
expression and tumor size to explore a
potential role of EPO in the growth
of uterine leiomyomas. Moreover, the
patients’ clinicopathological features,

including intratumor blood vessels, were
assessed in the context of tumor EPO
production to determine a possible
mechanism by which EPO functions to
induce growth in leiomyomas.

MATERIALS AND METHODS

Patients and tissue samples
One hundred fourteen uterine leio-
myoma tissue samples were collected
from women who underwent hysterec-
tomy or myomectomy between 2005
and 2012 at Yokohama City University
Hospital. The reasons for the surgery
included leiomyoma, uterine prolapse,
ovarian cancer, and cervical cancer.
In the cases of samples complicated
with malignant disease, the absence of
myometrial invasion was confirmed
microscopically. Among the leiomyoma
nodules, the largest leiomyoma nodule
of the patient was chosen, and the center

part of the nodule with minimum
degeneration was sampled for analysis.

Corresponding normal myometrium
tissue samples were also collected from 17
patients selected randomly. The patients’
clinicopathological features were assess-
ed retrospectively using medical records.
Menopause was defined as the absence
of menstrual period for over 12 months.

To determine the largest leiomyoma
nodule, diameters were measured on
magnetic resonance images taken within
1 year prior to surgery. The leiomyoma
was measured by ultrasonography at
least 1 month prior to the surgery and
reexamined by magnetic resonance im-
aging when a change in tumor size was
detected. The samples were divided and
(1) snap frozen in liquid nitrogen and
stored at e80�C or (2) fixed in formalin
and embedded in paraffin, for subse-
quent analysis.

FIGURE 1
Scoring maturity of the blood vessels

AeE shows immunohistochemical staining of CD34, and A0eE0 shows hematoxylin-eosin staining of the corresponding sections. Magnification,�100.

The sample with a score of 5 is from the case of MES.

MES, myomatous erythrocytosis syndrome.
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