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Combined differential gene expression profile and
pathway enrichment analyses to elucidate the
molecular mechanisms of uterine leiomyoma after
gonadotropin-releasing hormone treatment

Composite regulatory signature database (CRSD), a self-developed comprehensive Web server for composite
regulatory signature discovery, used to compare the published microarray data with our data on patients with
uterine leiomyoma treated with or without GnRH analogue (GnRH-a), revealed that the focal adhesion,
mitogen-activated protein kinase (MAPK), CXC chemokine receptor 4/stromal-derived factor-1 (CXCR4/
SDF-1), T-cell receptor, integrin, vascular endothelial growth factor (VEGF), GnRH, and transforming growth
factor-b (TGF-b) signaling pathways are highly expressed in uterine leiomyoma and significantly down-regu-
lated after GnRH-a treatment. According to the results these signaling pathways could be involved in inflam-
mation, proliferation, and remodeling processes of leiomyoma development and possibly in the regression of
leiomyoma after GnRH-a treatment, which might improve our understanding of the mechanisms of leiomyoma
formation and help us to find novel drug targets or specific markers for diagnosis and prognosis in uterine leio-
myoma. (Fertil Steril� 2008;90:1219–25. �2008 by American Society for Reproductive Medicine.)
Myomas are benign, monoclonal tumors from the smooth
muscle cells of the myometrium, which is one of the most
common gynecological diseases and might cause infertility
(1–3). The mechanisms that could cause the pathogenesis of
leiomyoma and affect reproductive ability remain unclear.
Several genetic and epidemiological studies have shown
that genetic alterations, including estrogen (E) receptor-
a polymorphism, might play an important role in leio-
myoma development and could be a target for gene therapy
(4–6).

Cytogenetic studies also indicated that 40% of leio-
myoma are chromosomally abnormal and some of the can-
didate genes in these chromosome regions showed some
relationship in uterine leiomyoma, including CUTL1,
ORC5L, DLX5, 6, PCOLCE genes on chromosome
7q22q23, high mobility group (HMG) HMGIY gene on
chromosome 6p21, HMGIC on chromosome 12q15, E re-
ceptor b (ESR2) on chromosome 14q22, and RAD51L1
gene on chromosome 14q23 (7–9). However, the other
60% of leiomyoma might have undetected mutations. To
identify the critical genes involved in uterine leiomyoma,
a cDNA microarray screening method was used in more
than a dozen previous studies (7, 10, 11). After comparing
the gene expression of the eight published studies on uterine
leiomyoma, the overlapping gene alterations have shown
that ADH1, ATF3, CRABP2, CYR61, DPT, GRIA2, IGF2,
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MEST are the highest ranked candidate genes (7). However,
the gene regulations and potential signaling pathways in
leiomyoma were still unknown.

In this study, to compare the published data with ours on
differentially expressed profiles in uterine leiomyoma,
some potential signaling pathways have been identified by
carefully examining the published lists of differentially ex-
pressed genes and the overlapping pathways by the compos-
ite regulatory signature database (CRSD), a self-developed
comprehensive Web server for composite regulatory signa-
ture discovery (12, 13). These results might provide helpful
information on the hypothesized maps of the leiomyoma-
related signaling pathways.

This study was approved by the Institutional Review
Board (IRB) committee of the Taipei Medical University
Hospital (Taipei, Taiwan). Myoma tissue samples with or
without GnRH analogue (GnRH-a) treatment (n >8 in each
group) for cDNA microarray were obtained from women
who were undergoing surgery and the samples were then
stored in liquid nitrogen for mRNA extraction. Five micro-
grams of the mRNAs derived from tissues were labeled
with biotin during reverse transcription (RT) and proceeded
to cDNA microarray (carrying 9,600 polymerase chain reac-
tion [PCR]-amplified cDNA fragments) analysis, which
was described in our previous reports (14, 15). The microar-
ray images were processed by commercial image processing
programs to convert the true-color images into gray-scale
images, and then the image analysis and spot quantification
were done by the GenePix 3.0 (Axon, Union City, CA).
The significance analysis of microarrays was performed by
the fold-change analysis, which was calculated by compar-
ing the gene expression levels in leiomyoma samples relative
to leiomyoma with GnRH-a treatment. To compare our data
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Potential pathways selected by the CRSD analysis in leiomyoma.
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Continued.
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Note: The potential signaling pathways have been identified by carefully examining the published lists of differentially express
the self-developed composite regulatory signature database (CRSD) Web server (http://140.120.213.10:8080/crsd/) ba
kegg/pathway.html) and BioCarta (http://www.biocarta.com/index.asp) pathway databases.

a Reference 7 contains the data from references 16 to 27. P value for a multiple hypothesis test, the false discovery rate (Q-va
b Our current study.
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with other microarray studies of uterine leiomyoma, we have
carefully examined the published lists of differentially ex-
pressed genes and identified the overlapping pathways by
the self-developed CRSD Web server (12, 13).

According to cDNA microarray analysis, 172 genes were
up-regulated (>3 times) in myoma without GnRH-a treat-
ment, whereas 29 genes were highly up-regulated (>5
times) when compared with the gene expression levels in
GnRH-a treated myoma. In contrast, 70 genes were down-
regulated (>3 times) in myoma without GnRH-a treatment,
whereas 17 genes were dramatically down-regulated (>5
times) when compared with the gene expression levels in
the GnRH-a treatment group. The differentially expressed
gene lists were carefully compared with previous reports
on leiomyoma versus normal myometrium (7, 16–27) and
leiomyoma with or without GnRH-a treatment (10, 19,
28, 29). These differentially expressed gene profiles were
uploaded to the Website of CRSD (http://biochip.nchu.
edu.tw/crsd1/) and compared. This comparison resulted in
the identification of only a few genes in common. We con-
firmed the previous discussions in the reports by Arslan
et al. (7) and Chegini et al. (19). The tissues collection
from different phases of the menstrual cycle, differences
in leiomyoma size, experimental process and different mi-
croarray platforms, and the method of data acquisition
and analysis in these studies might lead to the expected var-
iation in gene expression profiles (19). These limited
amount of common genes might be helpful as specific
markers for leiomyoma diagnostics; however, it still could
not give us the perspective of knowing the pathogenesis
of leiomyoma.

To broaden the scope on leiomyoma, we compared the
common pathways, not just to match the single gene, from
these studies and our data. Interestingly, although intrinsic in-
dividual genes are different in each study they may contribute
to the same pathways, and common pathways could be
identified. Table 1 shows overlapping common signaling
pathways, including several reported pathways (mitogen-
activated protein kinase [MAPK] signal pathway, vascular
endothelial growth factor [VEGF] signaling pathway,
GnRH signaling pathway, and transforming growth factor-b
[TGF-b] signaling pathway) and some novel signaling path-
ways (CXCR4 signaling pathway, T-cell receptor signaling
pathway, focal adhesion, and integrin signaling pathway).
The most significant pathways should be focal adhesion
(P¼1.395 � 10�8) (supplement data, Fig. S1) and MAPK
signaling (P¼1.322 � 10�7) pathways, which are important
in cell proliferation and migration. Furthermore, many ki-
nase-related signaling pathways are also significantly in-
creased in leiomyoma, including Wnt signaling pathway
(P¼6.298� 10�5), Jak-STAT signaling pathway (P¼9.864�
10�5), and epidermal growth factor receptor (EGFR)
tyrosine kinase signaling (P¼2.921 � 10�5) (supplement
data, Table S1). These should be important in cell prolifera-
tion, migration, survival, and differentiation in leiomyoma.
Fertility and Sterility�
Interestingly, many cytokines and chemokines are signif-
icantly increased in leiomyoma (P¼ 3.835� 10�5; supple-
ment data, Table S1). There are seven important genes in
the CXCR4/SDF1 signaling pathway, including SDF-1,
CXCR4, MAPK3, GNB1, PIK3R1, PTK2, and RELA (sup-
plement data, Fig. S2, B). SDF-1 and CXCR4 are two im-
portant chemokine ligand/receptor pairs that play
a crucial role in numerous biological processes, including
hematopoiesis, cardiogenesis, vasculogenesis, neuronal
development, immune cell trafficking, cell migration, and
epithelial–mesenchymal transition. This has been sug-
gested as a new therapeutic target of several diseases (30,
31). Recent studies also indicated that the SDF-1alpha/
CXCL12-CXCR4 chemokine played an important role in
the muscular infiltration of endometrial cancer through
the activation of the PI3K-Akt signaling pathway and pro-
motes VEGF-mediated tumor angiogenesis through the
Akt signaling pathway (32, 33). Suppression of this path-
way by CXCR4 monoclonal antibody (mAb) (12G5) or
CXCR4 antagonist (AMD3 100) could be an effective target
for the treatment of early uterine cancer (32). Our prelimi-
nary data also showed that patients with leiomyoma have
higher serum levels of CXCL12/SDF-1 than patients treated
with GnRH-a. These results and our novel finding indicated
that the SDF-1/CXCR4 signaling might play a role in the
pathogenesis of leiomyoma and could be a potential target
for further gene therapy. Other chemokine/cytokine-related
factors, leukemia inhibitory factor receptor (LIFR), inter-
feron gamma receptor (IFNGR), Proto-oncogene tyrosine-
protein kinase Kit (c-KIT), tumor necrosis factor (ligand)
superfamily, member 10 (TNFSF10), transforming growth
factor-beta 1 (TGFB1), leptin receptor (LEPR), interleukin
10 (IL-10), tumor necrosis factor receptor superfamily,
member 25 (TNFRSF25), chemokine (C-C motif) ligand
8 (CCL8), chemokine (C-C motif) ligand 15 (CCL15), in-
terleukin 11 receptor, alpha (IL11RA), colony stimulating
factor 2 receptor-alpha (CSF2RA), vascular endothelial
growth factor B (VEGFB), bone morphogenetic protein
receptor type II (BMPR2), fms-related tyrosine kinase 3
ligand (FLT3LG), interleukin 4 (IL4), chemokine (C-C
motif) ligand 11 (CCL11), chemokine (C-C motif) ligand
21 (CCL21), interleukin 13 receptor, alpha 1 (IL13RA1),
tumor necrosis factor receptor superfamily, member 11
b (osteoprotegerin, TNFRSF11B), epidermal growth factor
(EGF), interferon-alpha receptor 1(IFNAR1), chemokine
(C-X-C motif) ligand 5 (CXCL5), interleukin-15 receptor
alpha (IL15RA), were highly regulated in leiomyoma,
which suggest that these factors might play some important
roles in the pathogenesis of leiomyoma (supplement data
Table S1) (34, 35).

According to the pathway analysis, several kinases and
intracellular signalings are highly expressed in leiomyoma
(supplement data Table S1), including growth factor-related
receptor tyrosine kinase signaling, E-dependent cyclin-de-
pendent kinases, MAPK, nuclear factor-kB (NF-kB), and
Jak-STAT signaling pathways. These data suggest and
1223
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illustrate that the newly developed kinases target therapies
(e.g., receptor tyrosine kinase- I, PI3KI) and anti-inflamma-
tory drugs (e.g., COX2 inhibitor, mTOR inhibitor) could
shed some light in treating the cell proliferation in leio-
myoma (36–38). Furthermore, these pathways from gene
expression profiling provided more candidate targets for
new drugs or other therapeutic intervention development.

By integrating multiple microarray datasets this approach
suggested that several signaling pathways could play im-
portant roles in human uterine leiomyoma. Unlike the
previous studies comparing the limited genes with expected
variations, the pathway-predicting system provides a
broader scope in studying leiomyoma and showed that these
significantly regulated signaling pathways might be com-
mon and universal, as shown in these studies by different re-
search groups. Further confirmation and validation of these
genes and pathways in leiomyoma are necessary and under-
going, which can be used to treat and define their roles in the
uterine fibroid development. To understand the maps and
exact molecular interactions among these gene products
in uterine leiomyoma provides new directions for therapeu-
tic intervention in this disease.
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