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Abstract

Although somatic mutations in exon 2 of the mediator complex subunit 12 (MED12) gene have 

been reported previously in uterine fibroids in women from Finland, South Africa, and North 

America, the status of these mutations was not reported in the Southern United States women. The 

aim of this study is to determine the MED12 somatic mutations in uterine fibroids of women from 

Southern Unites States, which will help to better understand the contribution of MED12 mutations 

in fibroid tumor biology. Herein, we determined the frequency of MED12 gene exon 2 somatic 

mutations in 143 fibroid tumors from a total of 135 women from the Southern United States and in 

50 samples of the adjacent myometrium using PCR amplification and Sanger sequencing. We 

observed that the MED12 gene is mutated in 64.33 % (92/143) of uterine fibroid cases in the exon 

2 (including deletion mutations). These mutations include 107T > G (4.3 %), 130G > C (2.8 %), 

130G > A (7.0 %), 130G > T (2.8 %), 131G > C (2.1 %), 131G > A (20.2 %), and 131G > T (2.1 

%). Interestingly, we identified four novel mutations in these patients: 107 T > C (12.8 %), 105A 

> T (2.1 %), 122T > A (2.1 %), and 92T > A (2.1 %). As expected, we did not observe any 

mutations in the normal myometrium. Moreover, we found a higher rate of deletion mutations 

(17.5 %, 25/143) in the above fibroid tumors. Our results clearly demonstrate that the MED12 

gene exon 2 is frequently mutated in human uterine fibroids in Southern United States women. 

These results highlight the molecular pathogenesis of human uterine fibroids with the central role 

of MED12 somatic mutations.
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Introduction

Uterine fibroids (leiomyoma) are the most common benign non-cancerous tumors in woman 

of reproductive age (Baird et al. 2003). Fibroids are tumors of the smooth muscle of the 

uterus; they cause a variety of symptoms, including pelvic pain, abnormal uterine bleeding, 

and infertility (Farhi et al. 1995; Wilcox et al. 1994). The medical term for a fibroid is 

leiomyoma, which is a type of myoma or mesenchymal tumor mass. Uterine fibroids are the 

most common benign pelvic tumors that affect many women in the United States (Eldar-

Geva et al. 1998; Farhi et al. 1995; Houston et al. 2001; Stewart 2001). These growths occur 

in up to 50 % of all women and are one of leading causes of hysterectomy in the United 

States. An estimated 600,000 hysterectomies are performed in the United States annually, at 

a cost of more than 5 billion dollars annually, and at least one-third of these procedures are 

for fibroids. Although surgery is the major option for fibroid treatment, the available 

effective non-surgical treatment options are very limited due to their significant side effects 

(Friedman et al. 1994; Stewart et al. 1998).

Uterine fibroids are monoclonal tumors of the smooth muscle cells of the uterus, which are 

estrogen- and progesterone-dependent tumors and are typically regress with the onset of 

menopause. Uterine fibroids do not affect all ethnicities equally. African American women 

have a higher risk of developing uterine fibroids than Caucasian women (Baird et al. 2003). 

They also have an earlier age at onset, with larger, numerous, and more rapidly growing 

fibroids (Huyck et al. 2008; Marshall et al. 1997). Although several reports have recently 

demonstrated that the MED12 gene is frequently mutated in at least 70 % of the cases of 

uterine fibroids in different populations, including Finnish (Caucasian), northern USA 

regions, and South African patients (Makinen et al. 2011a, b; Markowski et al. 2012; 

McGuire et al. 2012), the frequency of these mutations in exon 2 of the MED12 gene in 

women from the Southern parts of the United States is still unknown. The aim of this study 

is to determine the status of MED12 somatic mutations in the Southern United States 

women, which will help to better understand the role of MED12 somatic mutations in the 

pathogenesis of human uterine fibroids. Moreover, understanding the role of MED12 

somatic mutations in the pathogenesis of human uterine fibroids will help to develop non-

surgical therapeutic options for the treatment of uterine fibroids.

MED12 is known as a mediator complex subunit 12 (MED12) gene, which consists of 26 

subunit transcriptional regulators that bridge the DNA regulatory sequences to the RNA 

polymerase II initiation complex (Taatjes 2010). Somatic mutations in exon 2 of the MED12 

gene have recently been reported by several studies (Makinen et al. 2011a, b; Markowski et 

al. 2012; McGuire et al. 2012). The MED12 gene has been known to play roles in gene-

specific transcription processes, and it is also involved in many developmental processes 

(Taatjes 2010). MED12 is localized on chromosome Xq13.1. It is highly conserved in all 

eukaryotes, and is required for the transcription of almost all of the genes in yeast. Germline 

mutations of MED12 gene have been reported in the Opitz–Kaveggia and Lujan–Fryns 

syndromes, which are characterized by congenital anomalies and intellectual disability 

(Taatjes 2010). Evidence has showed that MED12 performs both general and gene-specific 

roles to regulate gene expression (Graham et al. 2010; Taatjes 2010). Nevertheless, the 

explanation for the high occurrence of MED12 gene mutations and the functional roles of 
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these mutations in the tumorigenesis of uterine fibroids remain unknown. One study has 

recently demonstrated that uterine fibroids with MED12 gene mutations expressed higher 

levels of WNT4 mRNA, thus suggesting a possible role of MED12 mutations in the 

functional activation of the WNT pathway (Markowski et al. 2012). In addition, it has been 

linked to the direct interaction of MED12 with β-catenin, which is required for the cellular 

response to WNT signaling (Markowski et al. 2012).

In this study, we examined the frequency of the mutations in exon 2 of the MED12 gene in 

the uterine fibroids in women from the Southern parts of the United States and confirmed 

the status of the MED12 gene’s somatic mutations in human uterine fibroids. Herein, we 

screened a total of 143 uterine fibroid tumors from 135 individual subjects for these 

mutation analyses. Our findings demonstrated that somatic mutations in exon 2 of the 

MED12 gene may be important in the pathogenesis of uterine fibroids in Southern American 

women as well as women worldwide.

Materials and methods

Patient recruitment and materials

To study the genetic basis of uterine fibroids, we determined the mutation status in exon 2 of 

the MED12 gene in women from the Southern parts of the United States. Uterine fibroids 

and the adjacent myometrial tissues were collected from individuals who underwent 

abdominal, vaginal and laparoscopic surgery to remove their confirmed uterine fibroids. We 

used this large collection of uterine fibroids from women with surgically and pathologically 

confirmed uterine fibroids from various hospitals in Texas and Tennessee. These tissues 

were collected from different ethnic groups, including African American, Caucasian and 

Hispanic patients attending clinics in Texas and Tennessee, under approved Institutional 

Review Board protocols. The age range of the subjects was from 35 to 53 years old, with an 

average of 44 years, and their uterine fibroid sizes varied from 2.5-cm to 14.0-cm diameters. 

The patients were not administered any hormone supplements for at least 3 months before 

the hysterectomy was performed. Other sample characteristics are described in our recent 

publication (Halder et al. 2013). The collected tissues were snap-frozen and stored at −80 °C 

until further analysis. We analyzed somatic mutations in exon 2 of the MED12 gene in 143 

collected uterine fibroids from 135 women from the Southern United States and 50 adjacent 

normal myometrium tissues that were available for use in this study.

Tissue samples and genomic DNA extraction

To isolate the genomic DNA, 2–3 mm3 of each frozen fibroid tumor was cut into small 

pieces, homogenized in tissue lysis buffer, and treated with proteinase K to help in protein 

degradation and tissue lysis. Genomic DNA was extracted using the QIAamp DNA Mini Kit 

(Qiagen) according to the manufacturer’s instructions. To evaluate whether MED12 

mutations were present in the adjacent normal myometrium, a total of 50 adjacent normal 

myometrium tissue samples were selected for DNA isolation, as described above. The 

myometrial tissues were sampled within 1 cm from each tumor. DNA concentrations were 

determined using a NanoVue system (GE Healthcare, USA).
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PCR amplification and Sanger sequencing

DNA amplification and sequencing analyses were performed at Vanderbilt University’s 

sequencing core facilities. The DNA fragment was amplified with AmpliTaq-Gold® DNA 

polymerase (Applied Biosystems, Foster City, CA) using sense and anti-sense primers that 

targeted exon 2 of the MED12 gene and produced a 125-bp polymerase chain reaction 

(PCR) product as described previously (Makinen et al. 2011b). Information for the MED12 

gene-specific primers and the PCR amplification of the genomic DNA were obtained from 

the published literature (Makinen et al. 2011b). MED12 gene-specific primer sequences for 

the amplification of genomic DNA were sense 5′-GCCCTTTCACCTTGTTCCTT-3′ and 

anti-sense 5′-TGTCCCTATAAGTCTTCCCAACC-3′. These primers were purchased from 

Qiagen (Valencia, CA). In an AirClean 600 PCR Workstation hood, a 25-μl mastermix 

including genomic DNA (0.04 % volume), forward and reverse primers (each 0.04 % 

volume), ABI’s Amplitaq Gold DNA Polymerase (50 % volume), and water (remaining 

volume) was made for each reaction and subjected to the following thermal cycling 

conditions on a MJ Research Tetrad thermal cycler: denaturing at 95 °C for 10 min for 30 

cycles, including 95 °C for 30 s, 60 °C for 30 s, 72 °C for 30 s, and extension at 72 °C for 10 

min; then, the reaction was finally soaked at 4 °C. Following PCR amplification, the 

products were purified using 3 μl of ExoSAP-IT PCR product clean-up (Corporation, 

Cleveland, OH) at a 1:1 dilution with water combined with 7 μl of the amplified DNA and 

heated according to its protocol. The samples were then diluted with water to a 

concentration of 30 ng/μl, and then the purified PCR products were bidirectionally direct 

sequenced using the Sanger method, ending with capillary electrophoresis on an ABI 3730xl 

Automatic DNA Analyzer (Applied Biosystems, Foster City, CA). The PCR products were 

sequenced using the BigDye Terminator v.3.1 Kit (Applied Biosystems) using the original 

PCR primers specific to MED12 gene exon 2, according to the manufacturer’s instructions. 

The sequence graphs were analyzed manually for the MED12 gene exon 2 somatic 

mutations.

Results

MED12 gene somatic mutations are associated with fibroid pathogenesis in Southern 
United States women

Our sequence analyses showed that exon 2 in the MED12 gene is mutated/deleted in 63.63 

% (92/143) of fibroid tumors, as summarized in Table 1. These mutations include 107T > G 

(1.4 %, 2/143), 128A > C (1.4 %, 2/143), 130G > C (2.8 %, 4/143), 130G > A (7.0 %, 

10/143), 130G > T (2.8 %, 4/143), 131G > C (1.4 %, 2/143), 131G > A (20.2 %, 29/143), 

and 131G > T (1.4 %, 2/143). Interestingly, we also found several unique mutations in this 

population, and these unique mutations were 92T > A (0.7 %, 1/143), 105A > T (0.7 %, 

1/143), 107T > C (4.2 %, 6/143), 108G > C (0.7 %, 1/143), 108G > T (1.4 %, 2/143), and 

122T > A (0.7 %, 1/143), compared with the Finnish population (Table 1). We have 

analyzed the status of somatic mutations particularly in the exon 2 of the MED12 gene. The 

primer set we used for PCR analyses which can amplify only exon 2 region of the MED12 

gene, but not the exon 1, and thus the 92T > A mutation is located in exon 2 of the MED12 

gene. In addition, all other unique mutations were also present in exon 2 of the MED12 gene 

in uterine fibroids, while no mutation was observed in exon 2 of the MED12 gene in the 

Halder et al. Page 4

Mol Genet Genomics. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adjacent normal myometrium. Moreover, we found a higher rate of deletion mutations (17.5 

%, 25/143) in exon 2 of the MED12 gene in this population (Table 1). All of the fibroid 

tumors displayed only one mutation, and all of these mutations were heterozygous and 

presented in exon 2 of the MED12 gene. We presented the chromatographs for more 

common mutations in uterine fibroids of women from the Southern United States 

(Supplemental data). We found that in most of the cases of MED12 gene mutations, the 

nucleotides 130 and 131 in the exon 2 were affected. Moreover, the G > A transitions of 

codon 44 at nucleotides 130 and 131 were predominant in MED12 mutation-positive tumors 

(Table 1). Among these mutations, 131G > A base substitution (43.28 %, 29/67) was 

followed by 130G > A (14.92 %, 10/67), and 130G > C and 130G > T (5.97 %, 4/67) base 

substitutions (Table 1). On the other hand, the mutation at the 107 nucleotide substitution 

(107T > C) occurred considerably more frequently than other unique mutations at 

nucleotides 92, 105, 108, and 122 (8.95 versus 2.98 or 1.49 %) among all of the mutation-

positive tumors (Table 1).

To verify the absence of any mutations in the normal myometrium adjacent to the tumors, 

we sequenced a total of 50 DNA samples for the MED12 gene exon 2 mutation analyses, 

because those adjacent myometrium tissues were available for this study, as indicated above. 

As expected, no mutation in exon 2 of the MED12 gene was detected in any of these DNA 

samples. These results suggest that MED12 gene somatic mutations were present only in the 

uterine fibroids while these mutations were absent in the adjacent normal myometrial 

smooth muscle cells.

To further test whether differences exist between the frequency of mutation-positive fibroids 

in women from different ethnic groups, such as African Americans, Caucasian, and 

Hispanic, we further analyzed our data, and it is presented in Table 2. We observed that the 

nucleotide substitution mutation at 131G > A is higher in African Americans than in 

Caucasian or Hispanic women (61.3 versus 22.5, or 16.1 %) (Table 2). However, the 

number of the tumor samples for this mutation was limited to establish a statistical 

significance. A larger number of samples may be required to establish whether there is an 

association between specific somatic mutations with ethnicity. We also found that 130G > A 

and 130G > T substitution mutations were similarly present in the African American and 

Caucasian groups, at a frequency rate of approximately 50 % (Table 2). In addition, we 

found slightly higher frequency of 131G > A nucleotide substitution compared with 130G > 

A (61.3 versus 50 %) in African American women. Together, our results suggest that 

somatic mutations in exon 2 of the MED12 gene are common in the Southern United States 

women.

Discussion

Uterine fibroid, a quite common benign disease that rarely results in death, is a major cause 

of infertility, abortion, and hysterectomy (Farhi et al. 1995; Wilcox et al. 1994). It has been 

demonstrated by several studies that somatic mutations in the MED12 gene are associated 

with uterine fibroid tumorigenicity. Recently, somatic mutations in exon 2 of the MED12 

gene have been identified in 70, 58.8, 67.6, and 52.2 % cases of uterine fibroids from 

different populations, including Finnish, South African, and North American women (Je et 
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al. 2012; Makinen et al. 2011a, b; Markowski et al. 2012; McGuire et al. 2012). The recent 

findings of MED12 gene somatic mutations suggest a possibility that targeting mutations 

could be used in better understanding of the molecular mechanisms of pathogenesis of 

human uterine fibroids and can be used to develop non-surgical treatment strategy of uterine 

fibroids (Je et al. 2012).

In the current study, we focused on mutation analyses of exon 2 of the MED12 gene in a 

large number of uterine fibroids collected from the Southern United States women. 

Although a number of recent studies showed MED12 mutations in different populations 

including Finnish, South African, and North Americans, as well as Korean women (Je et al. 

2012; Makinen et al. 2011a, b; Markowski et al. 2012; McGuire et al. 2012), the association 

of these mutations in exon 2 of the MED12 gene with the pathogenesis of uterine fibroids in 

Southern American women has yet to be established. Therefore, the current study was 

designed to verify the somatic mutations in exon 2 of the MED12 gene using PCR 

amplification and the direct sequencing method. Genomic DNA was isolated from a set of 

143 uterine fibroid tumors from a total of 135 Southern United States women and 50 

myometrial tissues that were adjacent to tumors and then amplified by PCR using the 

MED12 gene-specific forward and reverse primers as described in “Materials and methods”. 

Our results showed that at least 64.33 % (92/143) of the uterine fibroids from our Southern 

United States population showed MED12 gene somatic mutations (including deletion 

mutations), while no mutations were observed in the normal adjacent myometrium (Table 

1). These results indicate that mutations in exon 2 of the MED12 gene are also common in 

the Southern United States women. Several reports also recently demonstrated the presence 

of MED12 gene exon 2 somatic mutations in uterine fibroid cases (Je et al. 2012; Makinen et 

al. 2011a, b; Markowski et al. 2012; McGuire et al. 2012). Our findings indicate that 

somatic mutations in exon 2 of the MED12 gene are also common in uterine fibroids in 

women from Southern United States. Moreover, we observed that none of the normal 

adjacent myometrium samples from the same patients showed evidence of mutations by 

direct DNA sequencing, which indicates that the MED12 mutations had developed 

somatically and presented only in uterine fibroids. Previous study also demonstrated that 

somatic mutations in the exon 2 of the MED12 gene are only present in uterine fibroids, but 

not in the adjacent normal myometrium (Makinen et al. 2011b). We also observed that all of 

the tumors showed only one mutation in exon 2 of the MED12 gene, and all of these 

genomic mutations are heterozygous in nature, which was also reported previously 

(Makinen et al. 2011b).

Race and ethnicity are important risk factors for the development of human uterine fibroids. 

Studies have shown that African Americans have a threefold to fourfold higher risk for 

uterine fibroids than Caucasian women (Baird et al. 2003; Kjerulff et al. 1996). The reasons 

for this ethnic variation of uterine fibroids are unknown. Uterine fibroids are characterized 

as estrogen- and progesterone-dependent tumors, and we have previously demonstrated that 

African American women have a higher prevalence of the estrogen receptor alpha (ER-α) 

variant than white women (Al-Hendy and Salama 2006); thus, this variant is known to be 

associated with an increasing risk of uterine fibroids in ethnicities.
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Studies have shown that the MED12 gene somatic mutations are associated with uterine 

fibroids in women from Finland, South Africa, North America, and Korea (Je et al. 2012; 

Makinen et al. 2011a, b; Markowski et al. 2012; McGuire et al. 2012). Our data also showed 

higher incidence of MED12 somatic mutations in Southern United States women (Table 1). 

Despite the high incidence of MED12 somatic mutations in uterine fibroids, at least 30 % of 

uterine fibroids in Southern United States women are devoid of MED12 somatic mutations, 

which may suggest that other factors might also play roles in uterine fibroid pathogenesis. A 

recent study with whole exome sequencing of MED12 mutation-positive and MED12 

mutation-negative uterine fibroids showed no additional gene mutations, and has 

demonstrated that other factors such as somatic structural rearrangements, epigenetic 

changes, and intronic variants are likely to have a particular impact on the development of 

MED12 wild-type uterine fibroid lesions (Makinen et al. 2014). For example, chromosomal 

translocations can lead to the overexpression of high mobility group AT-hook 2 (HMGA2) 

(Gross et al. 2003), which are particularly associated with MED12 mutation-negative uterine 

fibroids (Markowski et al. 2012). Uterine fibroids can also associate with heterozygous 

germline mutations in fumarate hydratase (FH) that encodes an enzyme known as fumarase 

(Tomlinson et al. 2002). Recurrent chromosomal translocation of the recombination repair 

gene RAD51B also produces premature truncated transcript in uterine fibroids (Ingraham et 

al. 1999). In addition, a recent study with gene expression analyses of MED12 mutation-

positive fibroid tumors and their adjacent matched myometrium showed that at least three 

signaling pathways, including WNT signaling, are altered (Makinen et al. 2011b). Makinen 

et al. (2011b) have suggested a role of MED12 gene mutations in uterine fibroids through 

the activation of the WNT/β-catenin pathway. Moreover, it has been shown that MED12 is 

implicated in the transcription activation of WNT target genes by interacting with β-catenin 

(Kim et al. 2006; Rocha et al. 2010). In addition, WNT4 has been shown to be 

overexpressed in uterine fibroids with MED12 gene exon 2 mutations, and it is suggested 

that WNT4 is a possibly relevant downstream effector of the mutated MED12 gene 

(Markowski et al. 2012). On the other hand, it has also been demonstrated that estrogen can 

rapidly induce WNT4 expression in both an estrogen receptor-dependent and an estrogen-

independent manner in cell culture systems (Hou et al. 2004; Miyakoshi et al. 2009). 

Therefore, it is reasonable to think that both mutated MED12 gene and estrogen can directly 

activate targets in the WNT signaling pathway. In our preliminary observation, we found 

upregulation of WNT4 protein expression in MED12 mutation-positive uterine fibroids 

compared with the matched adjacent normal myometrium. We also observed that uterine 

fibroids harboring MED12 gene exon 2 somatic mutations showed a higher expression of β-

catenin (our unpublished data). One report indicated that the constitutive expression of 

activating β-catenin in uterine smooth muscle cells leads to the development of leiomyoma-

like tumors in a mouse model (Tanwar et al. 2009). Thus, it is reasonable that the activation 

of β-catenin by the WNT signaling pathway may be a potential mechanism by which 

MED12 gene somatic mutations cause uterine fibroid pathogenesis.

In this study, our findings demonstrate that uterine fibroids from the Southern United States 

women harbor similar mutations in the MED12 gene exon 2 as Finnish women (Table 1). 

Our study confirmed the exon 2 mutation status of the MED12 gene in uterine fibroids 

despite different ethnic backgrounds. In addition, we found that the mutations at 130 and 
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131 nucleotides are very common in all populations, irrespective of ethnicity (Table 2). 

These findings suggest that mutations in the 130 and 131 nucleotides may play a major 

functional role in the MED12 gene in uterine fibroid pathogenesis. It has been stated 

previously that there was no direct association between specific mutations with ethnicity. 

Consistent to the previous report, our data also did not show direct correlation with specific 

mutations versus ethnicity. Interestingly, we found several unique mutations in uterine 

fibroids in the Southern United States women compared with the Finnish women (Table 1), 

suggesting that these unique mutations possibly have roles in fibroid pathogenesis. Thus, it 

is important to determine whether these mutations, particularly 130G > A and 131G > A 

which are the major mutations in all populations studied, have functional roles in the 

pathogenesis of human uterine fibroids.

In conclusion, we found that the MED12 gene was mutated in 64.4 % of the uterine fibroids 

in women from the Southern United States. We also found that the majority of uterine 

fibroids possess 131G > A (43.28 %) and 130G > A (14.92 %) mutations irrespective of 

ethnicity. Moreover, we found several unique mutations in above population. Thus, somatic 

mutations in exon 2 of the MED12 gene are associated with fibroid pathogenesis in the 

Southern United States women. Future study will be required to understand the functions of 

these mutations in the development and progression of human uterine fibroids. A detailed 

understanding of the functions of MED12 gene somatic mutations may be helpful to 

determine the molecular mechanism of fibroid developments, which can further help in 

developing non-surgical medical treatment options for uterine fibroids.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Summary of the distinct pattern of somatic mutations in exon 2 of the MED12 gene in uterine fibroids in 

women from the Southern parts of the United States

Mutation pattern in uterine fibroids was also compared between women from Finnish and Southern United States. Percentage of the missense 
mutation in each type is calculated out of the total number of fibroid tumors from Southern United States women harboring missense mutations. No 
mutation was found in normal myometrium tissues adjacent to uterine fibroids
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Table 2

MED12 mutation status in different ethnic groups

MED12 mutation African American (68) Caucasian (43) Hispanic (24)

c.130G > A 5/10 (50 %) 4/10 (40 %) 1/10 (10 %)

c.130G > T 2/4 (50 %) 2/4 (50 %) 0/4 (0 %)

c.130G > C 4/4 (100 %) 0/4 (0 %) 0/4 (0 %)

c.131G > A 19/31 (61.3 %) 7/31 (22.5 %) 5/31 (16.1 %)

c.131G > T 1/1 (100 %) 0/1 (0 %) 0/1 (0 %)

c.131G > C 2/2 (100 %) 0/2 (0 %) 0/2 (0 %)

c.107T > C 2/4 (50 %) 1/4 (25 %) 1/4 (25 %)

c.107T > G 0/2 (0 %) 2/2 (100 %) 0/2 (0 %)

c.108G > C 0/1 (0 %) 0/1 (0 %) 1/1 (100 %)

c.108G > T 0/2 (0 %) 0/2 (0 %) 2/2 (100 %)

Deletions 10/24 (41.6 %) 10/24 (41.6 %) 3/24 (12.5 %)

No mutations 23/53 (43.3 %) 17/53 (32.1 %) 11/53 (20.7 %)

The mutation status in exon 2 of the MED12 gene in the different ethnic groups including African American, Caucasian, and Hispanic from the 
Southern United States is presented
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