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Uterine leiomyomas are monoclonal benign tumors affecting a major proportion of the 
reproductively active female population. Despite its high occurrence rate, the understanding of the 
etiology and the molecular mechanism involving disease progression still remains poorly 
understood. Proteomics allows the identification of thousands of proteins inside the cell and 
simultaneous observation of any alteration in the protein expression which has, if any, impact on its 
clinical manifestation. As we know that proteins are the real time players of the cell hence, 
proteomics can provide a better understanding of the physiology of disease. Use of proteomics in 
uterine leiomyomas research might help to identify myoma specific proteins, disease pathway and 
importantly the potential biomarkers for early detection. 
 

 
 
 

  

  
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 
 
 
  
 
 

 

INTRODUCTION 
 

Uterine Leiomyomas (also known as fibroids) are the 
monoclonal tumors originating from the smooth muscle cells of 
the myometrium and are generally benign in nature (Linder and 
Gartler, 1965). These are the most common benign pelvic 
tumor affecting nearly 70% of women in their reproductive age 
and despite 70% of women may have UL, 20-30% of women 
are symptomatic, that is, may have abnormal uterine bleeding 
or pelvic pain. These monoclonal fibroids are characterized by 
the excess of the extracellular matrix (Moroni et al., 2014). 

Since there are very few deaths associated with fibroids, hence 
these are generally associated with morbidity rather than 
mortality. Hysterectomy and Myomectomy are one of the 
leading gynecological surgical operations in the United States 
(Cardozo et al., 2012).  Based on their location in the uterus, 
leiomyomas are classified into 4 primary types which include 
subserous, intramural, submucous and pedunculated type 
(McLucas, 2008). The size of the tumor may vary from 10mm 
to 20cm. It has been observed that in most of the cases there is 
generally more than one fibroid in the uterus (Walker and 
Stewart, 2005). The normal function of the uterus is disrupted 
leading to several complications like heavy menstrual bleeding, 
iron deficiency (anemia), pelvic discomfort and complications 
in pregnancy. There is generally no any visible symptom in 

patients with fibroids and hence, fibroid size and location are 
the critical determinants of its clinical manifestation. 
 

The etiology of leiomyomas is still not completely understood 
and they are believed to grow under the influence of steroid 
hormones. As uterine leiomyoma is associated with steroid 
hormones and hence these hormones can be used as identifying 
factor as they rarely appear before menarche, the growth of 
fibroid is mainly during reproductive years and it regresses 
after menopause. In addition to the steroid hormones, other 
factors like growth factors and cytokines also contribute to the 
pathophysiology of the leiomyomas. The other risk factors 
identified with leiomyomas include obesity, ethnicity, and a 
positive family history (Flake et al., 2003). The increase in 
adipose tissue is linked to increased estrogen production 
(Tanko et al., 2004). The level of free circulating estrogen is 
increased in obesity, as obesity decreases the hepatic 
production of sex hormone binding globulin. The race also 
plays an important role in etiology of fibroids. It has been 
found that the risk of having leiomyoma is 2-3 times higher in 
African-American than Caucasian population (Marshall et al., 
1997). This review summarizes different proteins involved 
(identified in previous studies that have specific roles in the 
growth and development of leiomyomas) and the proteomic 
tools used for the analysis and study of these proteins. 
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Molecular Epidemiology and Pathways 
 

As the molecular basis of uterine fibroid is poorly understood, 
there are several pathogenic factors such as genetic, growth 
factors, cytokines, chemokines, microRNA, steroids and 
extracellular matrix components that contribute to the growth 
and development of this disease. 
 

Estrogen and progesterone are the main steroid hormones that 
are known through various studies to promote growth and 
development of leiomyomas. The growth promoting effect on 
myomas by estrogen and progesterone is due to the expression 
of growth factors, cytokines, apoptotic factors and extracellular 
matrix (Grings et al., 2012). Various signaling pathways are 
activated by estrogen which upregulates expression of PDGF, 
TGFβ, IGF-1, EGFR and promotes growth and survival by 
down regulating p53. Progesterone through its receptor exerts 
mitogenic activity by up-regulating EGF, TGFβ, Bcl-2 and 
down-regulating TNF-α (Ishikawa et al., 2010; Maruo et al., 
2000). Growth factors are the molecule that regulates cell 
growth, proliferation, and differentiation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There are a number of growth factors like EGF, PDGF, TGFβ, 
bFGF which along with its receptors have been reported to play 
an important role in the growth of leiomyomas (Ciavattini et 
al., 2013). A number of these factors are upregulated and their 
upregulation promotes mitogenesis (TGFβ, EGF, PDGF, and 
IGF), expression of various ECM components (TGFβ), 
increased DNA synthesis (EGF & PDGF) or smooth muscle 
cell proliferation and differentiation (IGF). Angiogenesis is 
considered to be an essential part of tumor growth and survival 
and is regulated by various angiogenic and growth factors. It 
has been found that βFGF is a potential inducer of angiogenesis 
and has increased expression in leiomyoma as compared to 
myometrium (Dixon et al., 2002). Fibulin-3 another important 
factor that has an antagonist effect on the angiogenesis in 
tumors and has been reported to be significantly down 
regulated in leiomyomas and is found to be associated with 
increased tumor angiogenesis (Albig et al., 2006). Activin-A 
and myostatin have recently been found to be highly expressed 
in leiomyomas as compared to myometrium.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1 A schematic representation showing the molecular mechanism involved in Uterine Leiomyoma growth and development. Various growth factors are 
shown to be interacting with their ligands and in turn resulting in activating multiple signaling pathways found to be involved in the leiomyoma growth and 

development. (This figure has been adopted from kegg and through various literatures and designed based on it). 
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Activin-A plays role in the expression of various ECM 
components like fibronectin, collagen1-A1, and versican 
whereas, the role of myostatin has been shown to be directly 
associated with the intensity of dysmenorrhea and activates 
both Smad2/3 signaling pathway (Islam et al., 2014; Tsigkou et 
al., 2015). Some studies have come up reporting that abnormal 
uterine contraction which might play a role in the pathogenesis 
of uterine leiomyomas (Nishino et al., 2005). Calcium ions are 
important molecules that initiate cell contraction. High 
expression of calcium channel protein TRPC1 & TRPM7 in 
leiomyomas regulates intracellular Ca2+ homeostasis than 
myometrium which has a role in leiomyomas cell proliferation 
(Ke et al., 2014). The overall decrease in apoptosis is also one 
of the factors that contribute to the tumor growth and 
development. Molecules of both intrinsic and extrinsic 
apoptotic pathway have shown to be altered in leiomyomas. 
Bcl-2 protein, an apoptotic protein of intrinsic pathway was 
reported to be up-regulated in leiomyomas. Its enhanced 
expression was due to the progesterone while its down-
regulation was because of estrogen (Matsuo et al., 1997). In 
another study, caspase-3, a protein having the central role in the 
extrinsic pathway of apoptosis, decreased in the leiomyoma 
whereas the level of ki-67 antigen, a nuclear protein necessary 
for cellular proliferation was found to increase (Plewka et al., 
2011). sFRP1(secreted frizzled-related protein 1), also an anti-
apoptotic protein is upregulated in leiomyomas under the 
control of estrogen and hence might contribute to the 
pathogenesis of the disease (Fukuhara et al., 2002). Figure 1 
shows the molecular mechanism involved in Leiomyoma 
growth and development and the multiple signaling pathways 
involved in the leiomyoma growth and development.  
Estrogens activates the expression of various growth factors, 
ECM components, cytokines and apoptotic factors as well as 
through interaction of GPR30 regulates intracellular Ca2+ 
homeostasis which causes abnormal uterine contraction and 
thus contributes to the leiomyoma growth and development. 
TGF-β, activin-a, & myostatin contributes to leiomyoma 
growth through the activation of common Smad 3/4 signalling 
pathway. The factors like infection, oxidative stress and tissue 
injury activates the fibroblast that induces tissue stiffening. 
This causes mechanical stress and activates the integrins which 
further activates the Rho/ROCK pathway and induces 
leiomyoma growth. FGF have been shown to promote 
angiogenesis in leiomyomas cell whereas PDGF & EGF have 
been reported to increase DNA synthesis through the activation 
of kinase pathway and also modulates the rate of cell 
proliferation in leiomyomas cell. Progesterone sensitivity 
increased due to the increase in the levels of progesterone 
receptors by estrogens leads to the activation of AKT pathway 
that induces cell proliferation, inhibiting apoptosis through 
increasing the expression of various growth factors, ECM 
components & antiapoptotic factors like Bcl-2. 
 

Extracellular matrix plays a vital role in the growth and 
development of leiomyomas. It is found that there is an excess 
production of extracellular matrix proteins which includes 
collagen type I & III, proteoglycans and matrix 
metalloproteinases (MMP) (Malik et al., 2010). The collagen 
fibrils present in the fibroids are short and disordered and the 
ratio of type I/III collagen fibrils is also altered (Leppert et al., 
2004). MMP are known to play roles in degrading both matrix 
and non-matrix proteins that are important for tissue repair and 

remodeling. Other roles played by MMP’s are in cell growth, 
differentiation, migration, apoptosis and inflammatory 
responses and its action are controlled by tissue inhibitor of 
MMPs (TIMPs). The MMPS and TIMPs are differentially 
expressed in leiomyomas. Changes in the ECM affect the 
mechanical stress and activate the internal signaling that results 
in cell proliferation (Islam et al., 2013). Leiomyoma growth 
and regression due to tissue remodeling involving extracellular 
matrix turnover are regulated by the action of both matrix 
metalloproteinases (MMPs) and the tissue inhibitor of MMPs 
(TIMPs). Studies have reported that leiomyomas express MMP 
and TIMP and their expression suggested their hormonal 
regulation. One study has reported that increase in MMP and 
reduction in TIMP expression favored extracellular matrix 
degradation which resulted in the reduction in leiomyoma size 
because of GnRH-a (Dou et al., 1997). Versican is an 
important proteoglycan that interacts with other proteins and 
modulates the organization of the ECM and promotes 
leiomyoma growth and cellular proliferation. It was reported 
that versican variants V0 and V1 were over-expressed in 
leiomyomas and their expression was regulated by TGF-β. It 
has been reported that increased expression of versican variants 
in leiomyomas may lead to both disorganization of the ECM 
and increased stiffness of these tumors (Norian et al., 2009). It 
can thus be concluded that the role of extracellular matrix in 
myoma biology and their abnormal production and 
accumulation may lead to increased cellular proliferation which 
can significantly contribute to tumor growth. 
 

Genetic Factors 
 

It has been shown that approximately 50% of the fibroids show 
cytogenetic abnormalities (Barbieri et al., 1991). These 
chromosomal abnormalities include transversion, deletion, 
rearrangement and trisomy 12 (Ligon and Morton, 2000). 
HMGA1 & HMGA2 are the architectural transcription factor 
encoding high mobility group protein which regulates the 
transcription of various genes. Chromosomal translocation is 
found in HMGA1 at 6p21 & HMGA2 at 12q15 and these 
alterations generally result in up-regulation of their expression 
that has been associated with large tumor size which indicates 
its potential role in promoting tumor growth (Pedeutour et al., 
2000; Peng et al., 2008). Mediator complex subunit 12 gene 
(MED-12) was found to be highly mutated in uterine 
leiomyomas as identified by exome sequence analysis and was 
in the region of exon-2 (Mäkinen et al., 2011). Mutation in 
MED12 resulted in the dissociation of Cyclin C-CDK 8 from 
the core mediator complex and thus affected mediator 
associated kinase activity (Turunen et al., 2014).  
 

Proteomics-Definition and Techniques 
 

Proteins are a dynamic entity that varies with time and different 
stresses and responds to it. Proteomics is an approach that 
allows the global study of proteins to understand their 
expression patterns and the interaction taking place between 
them. Proteomics research has been categorized into two- 
Expression proteomics and Cell mapping proteomics 
(Blackstock and Weir, 1999). A new field of disease 
proteomics has emerged which initiated from the expression 
proteomics and involves the comparative study for the analysis 
of differentially expressed proteins that can be used as 
molecular targets for the therapeutic and diagnostic purposes 
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(Hanash, 2003). Several technologies have been developed in 
this field and have been categorized into two groups: Gel-based 
separation techniques and non-gel based separation techniques. 
Gel based separation technique is the primary technique used 
which involves 1D electrophoresis which separates proteins on 
the basis of molecular weight & 2D gel electrophoresis and has 
been used for the separation of proteins first on the basis of 
their pH and then on the basis of their molecular weight 
(Adams and Gallagher, 2004). However, because of some 
disadvantages like low reproducibility rate, protein loss during 
electrophoresis and the requirement of a large amount of 
sample, some advancement have been made in these techniques 
such as the introduction of the immobilized pH gradient (IPG) 
and the differential gel electrophoresis (DIGE) to overcome 
these problems. The use of IPG strips resulted in the high 
resolution and better reproducibility rate whereas 2D-DIGE 
minimized gel to gel variations and the use of a fluorescent dye 
for the comparison of proteins can detect nanogram of labeled 
proteins for protein comparison (Görg et al., 2009; Ünlü et al., 
1997). Despite the fact that even after the advancements in the 
2D electrophoresis, it still remains to be non-automated for 
high throughput analysis. A number of non-gel based 
separation techniques have been developed to overcome the 
drawbacks associated with the gel-based techniques. These 
techniques either involve the labeling of proteins or can be 
label free. LC has become one of the most commonly used 
technique and is combined with mass spectrometry for the 
analysis of proteins. Isotope-coded affinity tag (ICAT) is a 
quantitative method for the analysis of a complex mixture of 
proteins using chemical isotope labeling reagents (Gygi et al., 
1999). This technique involves the labeling of proteins in the 
sample with heavy or light ICAT reagents followed by 
digestion with trypsin. The mixture is then separated through 
chromatographic techniques and the resulting peptides are 
analyzed using mass spectrometry. Multidimensional Protein 
Identification Technology (Mud PIT) is another gel free 
approach for the analysis of proteins (Kline and Wu, 2009). 
This approach involves the combination of two 
chromatographic techniques: strong cation exchange and 
reverse phase. The proteins are first digested by trypsin to give 
peptide components that are then subjected to the 
chromatographic system and separated by strong cation 
exchange (SCX) and reverse phase HPLC, then the peptide 
components enter mass spectrometer from the reverse phase 
column and are analyzed using different databases (Wolters et 
al., 2001). MS has also been employed for direct profiling or 
imaging of proteins present in the tissue section and the use of 
protein array technology is an important development that 
initiated nonseparation based techniques for proteome analysis. 
 

Proteomics and Uterine Fibroids 
 

A lot of studies have been done using proteomic techniques to 
identify differentially expressed in leiomyomas and its 
comparison with the adjacent myometrium. A group utilized 
both cDNA microarray and 2D-GE to study the genes and 
proteins involved in the pathophysiology of leiomyomas. They 
reported 33 protein spots that are consistently differentially 
regulated. Of these spots, 17 proteins were found to be 
upregulated, a majority of which belonged to the nucleic acid 
binding activity, signal transducer and transporter activity and 
16 proteins were down-regulated and belonged to the category 
of cell adhesion activity, cell motility, muscle development, 

actin cytoskeleton activity & motor activity. It was found 
through the use of 2D-PAGE combined with mass 
spectrometry that mimecan and 14-3-3β were differentially 
expressed and 14-3-3β expression was higher in African 
American’s than Caucasian’s. An isoform of 14-3-3 protein 
called 14-3-3γ was found to be downregulated in leiomyoma 
tissues by using LC-MS technology (Lv et al., 2008). While 
another group have used LC-MS/MS for identifying proteomic 
features associated with this tumor and through this study have 
concluded that there is an over-expression of extracellular 
matrix components, estrogen and progesterone receptors in 
uterine leiomyomas, and has proposed biological pathways 
leading to the pathophysiology of this tumor (Rizzello et al., 
2017). 
 

Further study using microarray and 2D-GE showed that some 
proteins were differentially expressed in leiomyomas like 
dermatopontin, keratin-19 and IGF-1 proteins were 
downregulated and some were upregulated like tomoregulin 
and aromatase P450. Dermatopontin is an ECM protein which 
interacts with decorin and TGFβ, and promotes cellular 
adhesion and accelerates assembly of collagen into fibrils. The 
decrease in the level of dermatopontin expression might 
possibly result in abnormal collagen fiber formation resulting 
in altered ECM which ultimately leads to leiomyoma 
phenotype. Keratin 19 is intermediate filament proteins 
responsible for the structural integrity of epithelial cells. It has 
been reported to be down regulated in several cancerous tumors 
such as squamous cell carcinoma where it is involved in 
increasing invasive potential. Tomoregulin upregulates cancer 
cell proliferation by promoting ERK 1/2 phosphorylation and 
aromatase is involved in the conversion of androgens into 
estrogen. Ethnicity is considered amongst one of the factors 
playing role in leiomyoma (Zhu et al., 2006).  
 

Apart from the analysis of proteins present in the tissue sample, 
proteomics-based studies have been done on different samples. 
A study for quantitative analysis was performed to identify the 
leiomyoma associated plasma proteins using 2D-DIGE 
combined with MALDI-TOF-MS. They identified 13 unique 
plasma proteins majority of which belonged to the category of 
transportation and coagulation. Carbonic anhydrase 1 belongs 
to the family of metalloenzyme that catalyzes the hydration of 
CO2 and maintains acid-base balance. Furthermore, they 
validated two other proteins, leucine-rich alpha-2-glycoprotein, 
and vitamin D binding protein, using immunoblot and ELISA 
analysis and these can be used as a potential biomarker for the 
diagnosis of leiomyomas (Lin et al., 2012). A different study 
reported that Leucine-rich alpha-2 glycoprotein was 
upregulated from the analyzed peritoneal fluid of women with 
leiomyomas using 2DE and LC-MS/MS analysis (Ferrero et 
al., 2009). However, out of six isoforms, only one isoform 
LRGm had enhanced expression that might be involved in the 
pathogenesis of leiomyomas through the interaction with TGF-
β. Another sample used for proteomics analysis was the 
interstitial fluid of leiomyomas. It not only consists of plasma 
proteins but also a large number of abnormal proteins secreted 
by the tumor cells. The analysis of interstitial fluid revealed 14 
protein to be differentially expressed in leiomyomas in which 3 
spots were found to be upregulated that included α1-
antitrypsin, desmin & peroxiredoxin-2 whereas 11 proteins 
were down-regulated that were prelamin A/C, transgelin, α-
actinin-1 & hsp70 1A/1B (Ura et al., 2015). Table 1 gives a 
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view of different proteomic methods used to identify different 
proteins in uterine leiomyoma.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FUTURE PERSPECTIVE & CONCLUSION  
 

Despite being benign in origin, fibroids are associated with 
significant morbidity in almost 75 % of the reproductive age 
women and most of them have to undergo myomectomy or 
hysterectomy to remove those fibroids. The cost of surgical 
operation is high and affects a lot to the poor people. Because 
of its high prevalence rate, it is essential to understand the exact 
etiology of the disease. There has been much research done on 
the genetic cause of the disease pathogenesis,  however as 
proteins are the real time players of the cell and the alteration in 
proteins in diseased tissue can`t be solely predicted from the 
genomic analysis. For example, a study by Ura et al in 2015 
revealed altered protein expression in uterine leiomyoma. In 
this study, two-dimensional gel electrophoresis and mass 
spectrometry were used to generate and compare the global 
profiles of interstitial fluid in leiomyoma with that of normal 
tissue. On comparing the interstitial fluid profile of leiomyoma 
with that of the normal myometrium, the levels of seven 
proteins were found to be significantly regulated. The 
upregulated proteins were desmin, α1-antitrypsin, and 
peroxiredoxin while the levels of prelamin-A/C, transgelin, 
hsp70 1A/1B and α-actinin-1 were downregulated. Therefore, 
looking at these proteomic data we can say that disease-related 
application of proteomics can provide the better understanding 
of the pathogenesis of leiomyomas. As genomics doesn’t give 
information about post-translation modifications, advancement 
in proteomic technologies would be useful for studying 
disease-specific protein expression patterns that can be further 
used for diagnostic and therapeutic purposes in uterine fibroids. 
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