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Abstract: African American (black) women have a higher rate, larger size and worse morbidity of uterine leiomyoma-
ta (fibroids) than white women. The racial difference in gene expression may contribute to the high burden of fibroids 
in black women. Dysregulated miRNAs have been found to be significantly related to tumorigenesis of fibroids, but 
racial difference of miRNA expression in fibroids and matched myometrial tissue remains largely unknown. Here, 
we examined the differential miRNA expression in fibroids and myometrial tissue adjacent to a fibroid from black 
(n=20) and white (n=20) women. Forty-three miRNAs were significantly different in the fibroids from the two groups. 
Most importantly, we found that Twenty-three miRNAs were significantly different in myometrial tissues of black and 
white women. We further determined the expression of the five highly dysregulated miRNAs between the two groups 
by real-time RT-PCR. We confirmed that miRNAs of miR-10a, miR-10b, miR-21, miR-29b and miR-145 were differ-
entially expressed in both fibroid tissue and adjacent myometrium. Our findings suggested that racial differences in 
miRNA expression in leiomyoma and adjacent myometrial tissue may have an important role in the tumorigenesis 
of fibroids. 

Keywords: miRNAs, leiomyomas, races

Introduction

Uterine leiomyoma (fibroids) is a major wom-
en’s health problem, represented by a high inci-
dence [1], high rate of hysterectomies [2] and 
high medical costs [3, 4]. It is well recognized 
that African American (black) women have a 
disproportionally higher rate and higher mor-
bidity of the diseases than women from other 
racial groups [1, 5]. Black women tend to devel-
op earlier, larger, more numerous and more 
highly symptomatic fibroids than white women 
[5]. Several studies have reported that fibroids 
are 3 to 9 times more common in black than in 
white women [5-8]. The rapid tumor growth and 
large tumor size in black women result in a hi- 
gher rate of hysterectomy and morbidity in this 
group [9]. 

Racial disparity for fibroids is poorly under-
stood. After controlling for age, body mass in- 

dex, birth history, alcohol consumption, and 
oral contraceptive use, the high rate of uterine 
fibroids among premenopausal black women 
can’t be explained, suggesting of a genetic con-
tribution for their excessive rate of disease [6, 
10]. Recent studies discovered a high rate of 
gene mutations in the mediator complex sub-
unit 12 (MED12) in fibroids [11-13]. This finding 
provides new hope for a better understanding 
of the causes of human fibroids. However, no 
racial difference was found for MED12 muta-
tions in fibroids [12]. As leiomyomas are sex ste-
roid hormone driven neoplasms, racial differ-
ences in sex steroid hormone signaling has 
been suggested, but currently there is limited 
data [14, 15]. The recent study of global genetic 
variation in the population implied that these 
variations may contribute the racial differences 
seen in gene activity and expression [16]. 
However, the gene expression in fibroids of dif-
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ferent racial groups is generally unknown. Since 
numerous genes are aberrantly expressed in 
fibroids [17], many of these genes may be dif-
ferentially expressed in different racial groups. 
miRNAs are group of non-coding RNAs that re- 
gulate large numbers of coding genes in hu- 
mans. Some miRNAs have been shown to be 
differentially expressed in the fibroids of differ-
ent races [18]. Further examination of global 
miRNA expression in different racial groups can 
be one practical approach for our understand-
ing of the racial disparity for fibroids. 

In this study, we examined miRNA expression in 
fibroids and tumor myometrium in black and 
white women by matching the pathology and 
clinical parameters (tumor size, location, hor-
monal status, age and surgical procedure). We 
identified several miRNAs that differentially ex- 
pressed not only in fibroids but also in the tu- 
mor myometrium of these two groups. The find-
ings of racial differences in miRNA expression 
will play an important role in identifying the bio-
markers, molecular pathogenesis, and poten-
tial therapies for this disease.

Materials and methods

Patients and tissue samples

The study included 40 patients (20 black and 
20 white) with hysterectomy for fibroids. Among 

each racial group, the matched clinical and pa- 
thologic parameters were summarized in Table 
1. The cases selected from each race were ma- 
tched for age and endometrial phase. All fibr- 
oids were from intramural or subserous loca-
tion. All fibroids were usual type (any other his-
tological variants of fibroids were excluded from 
this study). The information on race was self-
reported. We classified patients as “black” if 
they indicated African-American but non-his-
panic; patients as “white” if they indicated as 
white, but not Hispanic. All cases were collect-
ed from New York University Medical Center 
and Northwestern University (from 2006 to 
2010). Approvals of the Institutional Review 
Board from both institutions were obtained.

Tissue preparation

Tissues from large fibroids were collected in the 
tumor area 1-2 cm away from the peripheral 
zone and matched myometrium samples were 
collected in the posterior wall 1 cm away from 
the closest leiomyoma. Tissues were collected 
from selected areas shown to be less affected 
by hormones, endometrium and hypoxic micro-
environment [15, 19]. Tissues were collected 
and processed within 2 hour of surgery. All 
fresh tissues were sliced into 5 mm3 samples 
and immersed in 10 volumes of RNALater 
(Ambion, Austin, TX). The tissue samples were 
incubated overnight at 4°C and then trans-
ferred to -80°C. 

miRNA expression analysis

cDNA oligonucleotide probes from the mirVana 
miRNA probe set were purchased from Ambion 
(Austin, TX) and were printed on custom micro-
arrays. The mirVana miRNA Probe Set includes 
a collection of amine-modified DNA oligonucle-
otides targeting a comprehensive selection of 
664 miRNAs including 328 well-characterized 
human miRNAs, including proprietary Ambi-
miR™ miRNAs. Probes were resuspended in 3X 
SSC at 50 uM and spotted in triplicate on Nex-
terion Slide E (Schott North America Inc. Loui- 
sville, KY) at 50% humidity using an Omni- 
Grid100 arrayer (Genomic Solutions). The print-
ed slides were blocked in a solution containing 
100 mM ethanolamine, 1 M Tris (pH 9.0), and 
0.1% SDS for 15 min at 50°C, and then thor-
oughly rinsed with water and spun dry [20]. 
Total RNA isolation and small RNA enrichment 
were performed with the mirVana miRNA Iso- 

Table 1. Clinical Characteristics of 40 leio-
myomas from black and white women
Parameters Black White
No. cases 20 20 
Age
    Range 35-52 38-52
    Median 48.0 48.5
    Mean ± SE 46.3 ± 1.02 48.4 ± 1.11
Uterine weight (grams)
    Range 750-5400 450-2400
    Median 1025 1000
    Mean ± SE 1631 ± 334 1018 ± 132
Tumor size (cm)
    Range 7-24 7-20
    Median 10.5 11
    Mean ± SE 10.5 ± 1.35 10.6 ± 0.85
Endometrial phase
    Proliferative 14 13
    Secretory 4 5
    Inactive/unknown 2 2



Racial difference in miRNA expression in fibroids

47 Am J Clin Exp Obstet Gynecol 2015;2(2):45-56

lation Kit (Ambion, Austin, TX.) according to the 
manufacturer’s instructions. Briefly, 20 to 50 
μg of each total RNA sample were used and 
about 3-8 µg small RNA enriched RNA were 
recovered. RNA less than 200 nt were enriched 
and were quantitatively examined on 20% Urea 
denaturing acrylamide gel. The fractions enri- 
ched in small RNAs were labeled with amine-
reactive dyes using the mirVana miRNA Labe- 
ling Kit (Ambion, Austin, TX) as recommended 
by the manufacturer. Poly (A) polymerase and a 
mixture of unmodified and amine-modified nu- 
cleotides were first used to append a poly-
nucleotide tail to the 3’ end of each miRNA 
sample. The amine-modified miRNAs were then 
cleaned up and coupled to NHS-ester modified 
Cy3 for the individual myometrium or fibroids 
sample from each patient or Cy5 for the univer-
sal reference (Amersham Bioscience, Piscata- 
way, NJ). The universal reference was a pool of 
equal amounts of myometrium RNA from all 
patients.  Unincorporated dyes were removed 
with a second glass fiber filter-based cleaning 
procedure. Cy3 and Cy5 labeled samples were 
combined for dual channel hybridization. The 
labeled miRNA probes were denatured at 95°C 
for 3 min in 1X miRNA hybridization buffer (Am- 
bion, Austin, TX). Hybridization was carried out 
on the miRNA microarray at 42°C for 14 hours. 
The hybridized slides were washed in deionized 
MilliQ water twice at room temperature, spun 
dry, and immediately scanned using a GenePix 
4200 AL scanner (Axon instruments, Sunnyvale, 
CA). Microarray images were quantified using 
GenePix Pro software (Axon Instruments, Sun- 
nyvale, CA). 

TaqMan® MiRNA Real-time RT-PCR

TaqMan® MiRNA Real-time RT-PCR was per-
formed with the protocol and reagents recom-
mended by Life Technologies (Grand Island, 
NY). TaqMan® Small RNA Controls U6, RNU48 
and test miRNAs miR-10a, miR-10b, miR-29b 
and miR-145  were used with TaqMan® Small 
RNA Assay. In brief, the TaqMan® Assay includ-
ed small RNA-specific RT primers (forward and 
reverse) and the small RNA-specific TaqMan® 
MGB probe. The TaqMan® MiRNA Reverse Tr- 
anscription Kit was used to generate RT prod-
ucts.  The RT products were transferred to 96 
well plates and prepared for 20 μL of the com-
plete qPCR reaction. The real-time PCR system 
used a standard run mode. The general pro-
cess for analyzing the data from gene expres-

sion assays involved viewing the amplification 
plots and setting the baseline and threshold 
values. DataAssist™ Software was used for 
data analysis. The software used a filtering pro-
cedure for outlier removal and various normal-
ization methods, when using the comparative 
CT (E (efficiency)-ΔΔCT) method for calculating 
relative quantitation of gene expression. It pro-
vides relative quantification analysis of gene 
expression through a combination of statistical 
analysis and interactive visualization methods. 
The relative expression for all test samples was 
normalized against RNU48 levels.

Microarray data analysis

The raw data were normalized as we have done 
previously following the recommendations in 
the Ambion mirVana instruction manual. Briefly, 
the scan feature intensities in both Cy3 and 
Cy5 channels were extracted as .gpr files that 
were further processed in the Genespring GX- 
11 platform (Agilent) by applying locally weight-
ed scatterplot smoothing (LOWESS) normaliza-
tion, median centering across experiments. 
The resulting channel ratios representing the 
universal reference and the patient sample 
were log2 transformed, and no baseline nor-
malization was applied. R-3.0.1 (http://www.r-
project.org/) was utilized to do further data an- 
alysis and visulization. For miRNA target gene 
analysis, experimentally validated miRNA tar-
get genes were obtained from miRecords 
(http://mirecords.biolead.org/) and mirTarBase 
(http://mirtarbase.mbc.nctu.edu.tw/). Pathway 
analysis of miRNA target genes was performed 
in DAVID Bioinformatics Resources 6.7 (http://
david.abcc.ncifcrf.gov/). The biological group 
pairwise comparisons (myometrium vs tumor, 
myometrium levels only in white vs black pa- 
tients and tumor tissue levels only in white vs 
black patients) were evaluated by the Stu- 
dent T-test, p < 0.05, alpha setting, fold-change 
threshold set to > 15% in either direction. 

Results

Global miRNA expression analysis in uterine 
fibroids and matched myometrium 

Global miRNA expression was examined in hu- 
man uterine leiomyoma and adjacent matched 
myometrial tissues in forty patients. We select-
ed a tumor size > 7 cm for all cases to reduce 
the size effect on miRNA expression that we 
had seen in the previous study [18]. Patients’ 
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age, hormone status, and site of tumor sec-
tions were similar among all patients. The 
detailed information on the tumors is summa-
rized in Table 1. 

By comparing miRNA expression between fib- 
roids and matched myometrium, 43 well char-
acterized human miRNAs were identified as sig-
nificantly dysregulated (fold change > 1.5, p < 
0.05). Of 43 dysregulated miRNAs, 23 were sig-
nificantly upregulated in fibroids and 20 were 
significantly downregulated in fibroids (Figure 
1A and 1B, Table S1A and S1B). To compare 
the reliability of our current study, we compared 
this profiling data with our previous miRNA pro-
filing analysis (a different cohort) and three 
additional independent studies [18, 21-23].  
Most dysregulated miRNAs in this study were 
also dysregulated in other miRNA profiling anal-
ysis (Figure 1C). A total of 12 miRNAs were 
found to be significantly dysregulated in fibroids 
across four of five platforms, include miR-10a, 
miR-10b, miR-125b, miR-150, miR-21, miR-22, 
miR-26a, miR-27a, miR-29b, miR-29c, miR-
30d, and miR-34a (Figure 1C). The most highly 
dysregulated miRNAs in fibroids cover a broad 
spectrum of functions, but most are tumor sup-
pressors, related to smooth muscle differentia-
tion, cell cycle and extracellular remodeling. 

miRNA expression in fibroids and tumor myo-
metrium of different races

Racial difference for miRNA expression may be 
present in fibroids [18]. To further characterize 
whether racial difference of miRNA expression 
was derived from fibroids, tumor myometrium 
or both, in this study, we compared miRNA ex- 
pression in fibroids and tumor myometrium in a 
new cohort population. As described above, a 
total of 664 well well-characterized human 
miRNAs were included in the analysis. First, the 
global difference of miRNA expression in fib- 
roids and tumor myometrium of black and white 
women were analyzed by Principal Component 
Analysis (PCA). PCA can visualize the distribu-
tion of each case/sample based on overall miR-
NAs expression from these complex data (a 
combination of 328 miRNAs) in two and three-
dimensional patterns (Figure 2). Plots of the 
fibroids and the tumor myometrium from 20 
black and 20 white women revealed a distinct 
but clearly separated distribution of the tumor 
myometrium and fibroids between the two 
groups (Figure 2A). The racial differences of 
miRNA expression were further visualized by 

PCA in three-dimensional plots of individual 
fibroids and tumor myometrium separately 
(Figure 2B and 2C).

It has been proposed that the tumor myometri-
um may not be normal. However, little is known 
about the genetic or molecular defects in tumor 
myometrium. Comparison of the differences in 
gene expression and miRNA expression bet- 
ween tumor myometrium and non-tumor myo-
metrium would be desirable. But it is very diffi-
cult to get age-matched myometrium for such 
study. Since the higher burden of fibroids is evi-
dent in black women, comparison of the differ-
ence of miRNA expression in tumor myometri-
um between black and white women is a practi-
cal approach. In closely matched cases for age, 
hormonal status, uterine volume (Table 1), mi- 
RNA expression in the tumor myometrium of 
black and white women was examined. Among 
328 human miRNAs, 20 miRNAs were lower 
and 3 miRNA were higher in tumor myometrium 
of black women than that of white women 
(Table S2, fold change > 1.5, p < 0.05). Of par-
ticular note, most of miRNAs lower in tumor 
myometrium of black women are among the top 
dysregulated miRNAs in fibroids and most of 
them are tumor suppressors (Figure 1C, Table 
S2) [18]. Surprisingly, miR-21 expression in 
tumor myometrium of black women was more 
than 2 fold lower than tumor myometrium of 
white women (Table S2). This analysis allowed 
us to identify a subset of miRNAs that were sig-
nificantly different in the tumor myometrium 
between black and white women. 

Next, we compared the difference in expres-
sion of each miRNA in fibroids between black 
and white women. We found that 20 miRNAs 
were significantly dysregulated in fibroids of 
black women compared to white women (fold 
change > 1.5, p < 0.05, Table S3). Of 20 down-
regulated miRNAs in fibroids of black women, 
most miRNAs are potential tumor suppressors. 
MiR-29b and miR-29c, the major mediator for 
extracellular matrix regulation, was 3 and 2 fold 
lower in fibroids of black women than that of 
white women, respectively (Table S3). Only 3 
miRNAs were significantly higher in fibroids of 
black women than of white women (Table S3). 
The highly expressed miR-494, a miRNA cluster 
with function strongly associated with cell cycle 
through regulation of CDK6 [24], were highly 
overexpressed in fibroids of black women. Th- 
ese findings suggest that molecular composi-
tion of miRNA expression in fibroids can be 
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Figure 1. Global miRNA expression pattern in uterine fibroids and 
matched myometrium. (A) Heatmap of common differentially ex-
pressed miRNAs in both black and white women (fold change > 
1.5, p < 0.05). (B) Venn diagrams showing up-regulated and down-
regulated miRNAs in leiomyomas. (C) Top dysregulated miRNAs in 
fibroids identified in five independent studies of different popula-
tions and platforms. Filling boxes were dysregulated miRNAs in 
each study. The functions of miRNAs were listed at the right.
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affected by the different racial genetic back-
grounds. The tumor biology for the racial differ-
ence of miRNA expression in fibroids deserves 
a further investigation.    

Identification of miRNA signatures in fibroids 
of black and white women

To identify miRNA signatures in fibroids of black 
and white women, we did hierarchical cluster-
ing and KEGG pathway enrichment analysis on 
dysregulated miRNAs and their target genes. 
We first analysized top dysregulated miRNAs 

both in fibroids of black and white women. As 
shown in Figure 3A, there are 10 miRNA was 
down regulated and 8 miRNA was up regulated 
in fibroids of black and white women. Inte- 
restingly, three members of miR-29 family were 
all down regulated in fibroids of black and white 
women. Significantly enriched pathways of indi-
cated miRNA target gene sets showed that 
Focal adhesion, small cell lung cancer and 
ECM-receptor interection pathways were corre-
lated with fibroids of black and white women. 
We then analysized miRNAs dysregulated more 
dramatically in fibroids of black women than in 

Figure 2. Altered global expression patterns of miRNA in fibroids and matched myometrium of black and white 
women. (A, B) Multidimensional scaling of fibroid and adjacent myometrium samples using all the 664 miRNA data 
(A) or the 68 dysregulated miRNA data (B). BM: myometrium tissues from black women. BT: fibroid tissues from 
black women. WM: myometrium tissues from white women. WT: fibroid tissues from white women. (C) The log2 (Fold 
change) distribution patterns of 68 differentially expressed miRNAs (fold change > 1.5, p < 0.05). (D) Log2 (Fold 
change) density distribution of 68 differentially expressed miRNAs. (E) Log2 (Fold change) density distribution of 
further regulated miRNAs in BT vs. WT. These miRNAs were down or up regulated in both BT vs. BM and WT vs. WM, 
and BT vs WT > 1.5. (F) Log2 (Fold change) density distribution of no further regulated miRNAs in BT vs. WT. These 
miRNAs were both down or up regulated in BT vs. BM and WT vs. WM, and BT vs WT < 1.5.
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fibroids of white women. As shown in Figure 3B, 
there are 9 miRNAs were dysregulated more 
dramatically in fibroids of black women than in 
fibroids of white women. These miRNAs were 
also correlated with Focal adhesion, small cell 
lung cancer and ECM-receptor interection path-
ways. Importantly, we found there were miRNAs 
dysregulated only in fibroids of black women 
including miR-101, miR-221, miR-10a, miR-30d 
(Figure 3C). Significantly enriched pathways of 
indicated miRNA target gene sets showed that 
pathways in cancer, small cell lung cancer, 
prostate cancer and p53 signaling pathways 
were correlated with fibroids of black women. 
When comparison of the difference of miRNA 
expression in tumor myometrium between 
black and white women we found 23 differently 
expressed  miRNAs which correlated with ribo-
some, pathways in cancer and p53 signaling 
pathways. These analyses suggest differently 
expressed miRNAs and their target genes cor-
related pathways might be as signatures of 
fibroids.

Examination of the racial related and top 
ranked miRNAs by real-time PCR

The findings of the differential expression of 
miRNAs in tumor myometrium between black 
and white women suggest a biological signifi-
cance for the miRNAs in tumor development. 
The different ethnic background might be a 
critical genetic factor for their differential ex- 
pression. However, the racial difference in 
miRNA expression identified by the global gene 
expression profiling is, at its best, a discovery 
tool. To confirm the findings, more accurate and 
quantitative measurement for miRNA expres-
sion in fibroids of different races is necessary. 
Based on the profiling data, we would expect to 
be able to identify several miRNAs that were 
closely associated with fibroid molecular pa- 
thogenesis.   

Five miRNAs were selected for the further 
examination by TaqMan real-time RT-PCR (see 
Methods section for details). To better quantify 

the actual levels of expression of the selected 
miRNAs, we used U6 and RNU48 as small RNA 
loading controls. We found RNU48 provided a 
constant baseline with minimal variation be- 
tween samples of fibroids and tumor myome-
trium and we therefore used RNU48 to normal-
ize all the data. 

miR-29b and its family members are signifi-
cantly downregulated in fibroids in several inde-
pendent studies [18, 21-23, 25]. Our real-time 
RT-PCR analysis revealed that although there 
was a wide range of miR-29b expression within 
tumor myometrium, black women tended to 
have significantly lower levels of miR-29b ex- 
pression in their tumor myometrium (Figure 
4A). In fibroids of black women, miR-29b expre- 
ssion was almost undetectable. Thus the racial 
difference of miR-29b expression was present-
ed not only in the fibroids, but also in the ma- 
tched tumor myometrium. Racial difference of 
miR-29b expression may be biologically signifi-
cant. Although we do not know the exactly func-
tion of miR-29b in the tumorigenesis of fibroids, 
given its well characterized functions in regula-
tion of extracellular matrix and fibrosis [26], we 
can speculate that downregulation of miR-29b 
is one of major reason for  tumor fibrosis in 
leiomyomas. 

miR-145 expression in fibroids drew our atten-
tion for several reasons. MiR-143 and miR-145 
belong to an miRNA cluster with functions 
involving smooth muscle differentiation and 
tumor suppressor [27, 28]. miR-145 is a key 
player for smooth muscle fate by promoting 
smooth muscle differentiation and inhibiting 
smooth muscle cell proliferation [27]. miR-145 
was found to be significantly downregulated in 
several independent studies [18, 21]. miR143 
and miR-145 are ranked in the top 10 most 
abundant miRNAs in tumor myometrium and 
they were differentially expressed in the fibroids 
of white and black women [18]. In real-time 
RT-PCR analysis, we confirmed that miR-145 
was deeply downregulated in fibroids (Figure 

Figure 3. Common and different miRNA signatures in fibroids and matched myometrium of black and white women. 
Up: Heatmap of miRNAs both down or up regulated in BT vs. BM and WT vs. WM (fold change > 1.5, p < 0.05). 
Bottom: Significantly enriched pathways of indicated miRNA target gene sets. Up: Heatmap of miRNAs further regu-
lated in BT vs. WT (BT vs WT > 1.5). These miRNAs were both down or up regulated in BT vs. BM and WT vs. WM. 
Bottom: Significantly enriched pathways of indicated miRNA target gene sets. Up: Heatmap of miRNAs dysregulated 
in BT vs. BM but not in WT vs. WM. Bottom: Significantly enriched pathways of indicated miRNA target gene sets. 
Up: Heatmap of miRNAs dysregulated in WT vs. WM but not in BT vs. BM. Bottom: Significantly enriched pathways 
of indicated miRNA target gene sets. Left: Heatmap of miRNAs dysregulated in BM vs. WM (fold change > 1.5, p < 
0.05). Right: Significantly enriched pathways of indicated miRNA target gene sets.
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Figure 4. Validation of miRNAs expression in fibroids and matched myometrium of black and white women. A-D. 
Showed the expression of miR-29b, miR-145, miR-10b and miR-10a respectively. The expression were measured by 
TaqMan® MiRNA Real-time RT-PCR. Paired t-test was used for comparisons between two groups.

4B). miR-145 expression was lower in the tumor 
myometrium of black women than that of white 
women (Figure 4B). The role of miR-145 in myo-
metrial differentiation and tumor development 
deserves a further investigation. 

In the analysis of miRNA profiling data, we 
found miR-10a and miR-10b were not only 
downregulated in fibroids, but they were lower 
in fibroids and tumor myometrium of black 
women in comparison to that of white women. 
The findings prompted us to further analyze the 
relative expression levels of miR-10s in a chal-
lenge set of cases. Due to having only one 
nucleotide difference, discrimination of miR-
10a and miR-10b expression by microarray pro-
filing analysis can be less accurate than 
TaqMan RT-PCR. As shown in Figure 4C and 4D, 
both miR-10a and miR-10b were downregulat-
ed in fibroids. Importantly, the expression of 
miR-10a was much lower in the tumor myome-

trium of black women than that of white women 
(Figure 4D). The findings suggested that a pro-
found low expression of miR-10a in the tumor 
myometrium of black women could be a poten-
tial molecular marker for the disease. 

Discussion

Currently several chip-based miRNA profiling 
studies of fibroids have been conducted with 
reasonably good agreement among these stud-
ies (Figure 2) [18, 21, 22, 25]. In this study, we 
show for the first time that a subset of miRNAs 
is not only differentially expressed in the fibroids 
of black and white women, but also in tumor 
myometrium. This racial difference in miRNA 
expression was validated by TaqMan real-time 
RT-PCR analysis (Figure 4). 

Deep sequencing analysis for mature miRNA 
expression in fibroids and matched myometri-
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um conducted by Georgieva et al [23] provides 
another layer of cross-comparison of miRNA 
expression in fibroids. In this study, a total of 
25% of documented human miRNAs were 
detected in fibroids and myometrium (321/ 
1424). When we compared our profiling data 
with deep sequencing data, we found that at 
least 50% of highly abundant miRNAs in fibroids 
and myometrium corresponded in both meth-
ods (Table 2). The top-ranking miRNAs exhibit-
ing a racial difference in our profiling and real-
time RT-PCR data (miR-145, miR-29 and miR-

10s) were also high abundant miRNAs in both 
fibroids and tumor myometrium (Table 2). The 
altered expression of high abundance miRNAs 
in the tumor myometrium of black women 
strongly suggests a biological significance as- 
sociated with racial disparity for fibroid devel-
opment and tumor burden. In particular, some 
of these high abundant miRNAs, including miR-
10a, miR-10b miR-143, and miR-145, plays 
major roles in smooth muscle differentiation 
[27, 29]. We can speculate that the altered 
expression of these miRNAs may have a signifi-

Table 2. Top 30 miRNAs that are mostly abundant in fibroids and tumor myometrium detected by 
miRNA profiling and deep sequencing analysis

This study Georgieva et al 2012*
Tissue types Black Myo White Myo Black Leio White Leio Myo Leio

1 hsa_let_7b 1 3 1 4 17 14
2 hsa_let_7c 2 4 2 3 16 11
3 hsa_let_7a 3 5 3 5 5 7
4 hsa_miR_24 4 1 4 2
5 hsa_let_7d 5 7 5 6
6 hsa_miR_143 6 8 6 7 1 1
7 hsa_miR_26a 7 9 7 8 6 6
8 hsa_miR_494 8 36 10
9 hsa_miR_145 9 11 8 9 2 2
10 hsa_miR_27b 10 12 9 14 3
11 hsa_let_7e 11 16 11 12
12 hsa_miR_99a 12 22 13 20
13 hsa_miR_23b 13 19 12 13 12 9
14 hsa_miR_21 14 13 15 18 4 5
15 hsa_miR_126 15 20 31 35 11 17
16 hsa_miR_22 16 18 21 19
17 hsa_miR_100 17 26 14 24
18 hsa_miR_10b 18 29 27 27 14 15
19 hsa_miR_27a 19 17 17 17
20 hsa_miR_23a 20 19 16 16 15 13
21 hsa_miR_26b 21 27 20 28  
22 hsa_miR_125b 22 31 18 31 7 8
23 hsa_let_7g 23 25 22 23
24 hsa_miR_16 24 34 25 32 13 4
25 hsa_miR_29a 25 37
26 hsa_miR_98 26 30 24
27 hsa_miR_107 27 24 29
28 hsa_let_7f 28 28 26 29 8 10
29 hsa_miR_320 29 30 15 10 16
30 hsa_miR_195 30 35 33
Total 30 30 (100%) 29 (97%) 28 (93%) 26 (87%) 16 (53%) 15 (50%)
*Results from deep sequencing.
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cant impact on the tumorigenesis of uterine 
fibroids through regulating myometrial stem 
cell fate and myometrial cell differentiation.   

The profound low level of miR-10a and miR-10b 
in the tumor myometrium of black women is of 
great interest. MiR-10a/b is the major mole-
cules regulating smooth muscle differentiation. 
A recent study has shown that during smooth 
muscle differentiation, retinoic acid signaling 
induced miR-10a overexpression promotes sm- 
ooth muscle cell differentiation [29]. There are 
two possible mechanisms for miR-10 downreg-
ulation in fibroids. First, MiR-10a is located in 
17q21 in the intron regions of HOXB gene com-
plex and miR-10b is located in 2q21 in the 
intron regions of HOXD gene complex. HOXB 
and HOXD gene expression are regulated by 
retinoic acid A and X receptors (RXR, RAR com-
plex). Under normal conditions, retinoic acid 
signaling promotes miR-10 expression through 
RXR-mediated HOX gene expression. In fibroids, 
there is a profound defect of the retinol meta-
bolic pathway due to significant downregulation 
of ALDH and ADH [17]. We found that fibroids in 
black women have a further deficiency of RXR 
and RAR gene expression [15]. Another mecha-
nism associated with miR-10 downregulation in 
tumor myometrium may be related to defects in 
mature miRNA processing, generating multiple 
variations defined as isomiRs [23]. IsomiR vari-
ability is produced by the imprecise and alter-
native cleavage of Dicer and Drosha during pre-
miRNA hairpin processing. In a deep sequenc-
ing analysis, more than 20 variants of isomiR-
10b were identified [23]. These immature iso- 
miR-10s may not be stable and quickly degrad-
ed.  All these findings suggest that downregula-
tion of miR-10 a/b in fibroids is related to the 
molecular defects in fibroids and has a poten-
tial impact on the development of fibroids as we 
proposed in Figure 3. The role of miR-10s in the 
tumorigenesis of fibroids deserves a further 
investigation. Our findings suggested that racial 
differences in miRNA expression in leiomyoma 
and adjacent myometrial tissue may have an 
important role in the tumorigenesis of fibroids.
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Table S1A. Thirty three down regulated microRNAs in leiomyomas (n=40)
Column 1 Name P-value FCAbsolute regulation
DOWN 1 hsa_miR_126 8.29E-18 3.1527686 down
DOWN 2 hsa_miR_29b 1.70E-07 2.427548 down
DOWN 3 hsa_miR_191 1.01E-08 2.307698 down
DOWN 4 hsa_miR_451 5.97E-08 1.9482712 down
DOWN 5 hsa_miR_29a 4.08E-07 1.9078993 down
DOWN 6 hsa_miR_29c 1.51E-07 1.7590936 down
DOWN 7 hsa_miR_338 1.28E-12 1.6963946 down
DOWN 8 hsa_miR_22 2.02E-04 1.5574435 down
DOWN 9 hsa_miR_10b 7.91E-04 1.4881809 down
DOWN 10 hsa_miR_498 3.74E-06 1.4081374 down
DOWN 11 hsa_miR_373_AS 8.40E-07 1.3870777 down
DOWN 12 hsa_miR_193a 4.55E-04 1.3742121 down
DOWN 13 hsa_miR_10a 0.001329079 1.3707037 down
DOWN 14 hsa_miR_328 1.20E-04 1.33985 down
DOWN 15 hsa_miR_30a_5p 1.08E-07 1.3038386 down
DOWN 16 hsa_miR_140 8.17E-06 1.2880179 down
DOWN 17 hsa_miR_320 4.97E-04 1.2859981 down
DOWN 18 hsa_miR_130a 1.94E-04 1.2806396 down
DOWN 19 hsa_miR_30e_3p 0.015541403 1.25847 down
DOWN 20 hsa_miR_96 3.11E-04 1.2481086 down
DOWN 21 hsa_miR_483 9.59E-05 1.2119628 down
DOWN 22 hsa_miR_150 1.92E-08 1.2069407 down
DOWN 23 hsa_miR_375 1.43E-06 1.2060076 down
DOWN 24 hsa_miR_222 0.008147794 1.2045451 down
DOWN 25 hsa_miR_182 4.81E-06 1.1972106 down
DOWN 26 hsa_miR_373 0.002476392 1.1920619 down
DOWN 27 hsa_miR_323 1.20E-05 1.1860602 down
DOWN 28 hsa_miR_130b 1.13E-04 1.1688536 down
DOWN 29 hsa_miR_221 0.049547166 1.1628534 down
DOWN 30 hsa_miR_142_5p 0.03128123 1.1626139 down
DOWN 31 hsa_miR_145 0.030702379 1.1613939 down
DOWN 32 hsa_miR_30d 0.002428843 1.1588025 down
DOWN 33 hsa_miR_485_3p 2.70E-04 1.1558511 down
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Table S1B. Thirty two upregulated regulated microRNAs in leiomyomas (n=40)
Name P-value FCAbsolute regulation

UP 1 hsa_miR_34a 4.78E-19 3.661859 up
UP 2 hsa_miR_34b 1.22E-17 3.3066497 up
UP 3 hsa_miR_424 4.24E-05 1.6598294 up
UP 4 hsa_miR_200a_AS 3.16E-05 1.6485025 up
UP 5 hsa_miR_196b 8.18E-07 1.5217705 up
UP 6 hsa_miR_455 7.03E-10 1.4648119 up
UP 7 hsa_miR_503 3.00E-04 1.4341096 up
UP 8 hsa_miR_422b 4.55E-04 1.4158038 up
UP 9 hsa_miR_27b 1.23E-04 1.4042004 up
UP 10 hsa_miR_449 1.01E-13 1.38819 up
UP 11 hsa_miR_199a 0.00723143 1.3349342 up
UP 12 hsa_miR_330 0.010929556 1.3213989 up
UP 13 hsa_miR_148a 4.28E-04 1.3140725 up
UP 14 hsa_miR_422a 0.002857732 1.3071359 up
UP 15 hsa_miR_368 8.84E-04 1.2693379 up
UP 16 hsa_miR_199a_AS 0.018817633 1.2660413 up
UP 17 hsa_miR_188 0.004409554 1.2650151 up
UP 18 hsa_miR_181a 0.001722524 1.2649033 up
UP 19 hsa_miR_21 0.046416115 1.2204356 up
UP 20 hsa_miR_18a 0.002432835 1.2138584 up
UP 21 hsa_miR_196a 4.16E-05 1.2092973 up
UP 22 hsa_miR_335 0.001054205 1.2017725 up
UP 23 hsa_miR_18b 0.002761743 1.1944026 up
UP 24 hsa_miR_376a 0.015350798 1.193225 up
UP 25 hsa_miR_23b 0.011880737 1.187108 up
UP 26 hsa_miR_520d_AS 0.004310432 1.1867416 up
UP 27 hsa_miR_345 0.00859238 1.1857533 up
UP 28 hsa_miR_342 0.011377499 1.1789773 up
UP 29 hsa_miR_515_3p 0.02791609 1.1768686 up
UP 30 hsa_miR_15b 0.003453877 1.167017 up
UP 31 hsa_miR_370 0.0470549 1.1538279 up
UP 32 hsa_miR_133b 0.03032419 1.1535354 up
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Table S2A. Differentially expressed microRNAs in myometrium of black from white women
Column 1 Name P-value FCAbsolute regulation
DOWN 1 hsa_miR_29b 0.0000 2.2115 down
DOWN 2 hsa_miR_21 0.0000 2.0452 down
DOWN 3 hsa_miR_424 0.0000 1.9681 down
DOWN 4 hsa_miR_326 0.0000 1.7523 down
DOWN 5 hsa_miR_27a 0.0000 1.7259 down
DOWN 6 hsa_miR_26b 0.0001 1.7145 down
DOWN 7 hsa_miR_451 0.0001 1.6658 down
DOWN 8 hsa_miR_10b 0.0001 1.6567 down
DOWN 9 hsa_miR_33 0.0000 1.5824 down
DOWN 10 hsa_miR_199b 0.0000 1.5666 down
DOWN 11 hsa_miR_27b 0.0000 1.5039 down
DOWN 12 hsa_miR_125b 0.0024 1.4990 down
DOWN 13 hsa_miR_328 0.0001 1.4873 down
DOWN 14 hsa_miR_34a 0.0000 1.4805 down
DOWN 15 hsa_miR_26a 0.0006 1.4511 down
DOWN 16 hsa_miR_15a 0.0005 1.4466 down
DOWN 17 hsa_miR_199a 0.0004 1.4435 down
DOWN 18 hsa_miR_337 0.0003 1.4290 down
DOWN 19 hsa_miR_199a_AS 0.0012 1.3996 down
DOWN 20 hsa_miR_29c 0.0007 1.3995 down
DOWN 21 hsa_miR_191 0.0154 1.3967 down
DOWN 22 hsa_miR_148a 0.0002 1.3718 down
DOWN 23 hsa_miR_29a 0.0052 1.3643 down
DOWN 24 hsa_miR_100 0.0115 1.3471 down
DOWN 25 hsa_miR_142_3p 0.0001 1.3330 down
DOWN 26 hsa_miR_218 0.0000 1.3309 down
DOWN 27 hsa_miR_145 0.0004 1.2960 down
DOWN 28 hsa_miR_19b 0.0136 1.2917 down
DOWN 29 hsa_miR_99a 0.0204 1.2905 down
DOWN 30 hsa_miR_125a 0.0102 1.2890 down
DOWN 31 hsa_miR_376a 0.0023 1.2851 down
DOWN 32 hsa_miR_34b 0.0184 1.2616 down
DOWN 33 hsa_miR_377 0.0016 1.2549 down
DOWN 34 hsa_miR_200b 0.0001 1.2445 down
DOWN 35 hsa_miR_346 0.0000 1.2316 down
DOWN 36 hsa_miR_368 0.0282 1.2215 down
DOWN 37 hsa_miR_30c 0.0203 1.1965 down
DOWN 38 hsa_miR_374 0.0012 1.1878 down
DOWN 39 hsa_miR_129 0.0012 1.1802 down
DOWN 40 hsa_miR_376b 0.0001 1.1748 down
DOWN 41 hsa_miR_122a 0.0044 1.1633 down
DOWN 42 hsa_miR_514 0.0001 1.1598 down
DOWN 43 hsa_let_7a 0.0242 1.1595 down
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Table S2B. Differentially expressed microRNAs in myometrium of black from white women
Name P-value FCAbsolute regulation

UP 1 hsa_miR_363_AS 0.0000 2.8211 up
UP 2 hsa_miR_494 0.0000 2.8192 up
UP 3 hsa_miR_520a_AS 0.0000 1.7013 up
UP 4 hsa_miR_525 0.0001 1.6851 up
UP 5 hsa_miR_214 0.0000 1.6480 up
UP 6 hsa_miR_103 0.0001 1.6019 up
UP 7 hsa_miR_142 0.0000 1.4817 up
UP 8 hsa_miR_422b 0.0008 1.4627 up
UP 9 hsa_miR_324_3p 0.0000 1.4622 up
UP 10 hsa_miR_425 0.0005 1.4575 up
UP 11 hsa_miR_422a 0.0011 1.4423 up
UP 12 hsa_miR_193b 0.0005 1.4367 up
UP 13 hsa_miR_324_5p 0.0009 1.3802 up
UP 14 hsa_miR_423 0.0000 1.3471 up
UP 15 hsa_miR_23a 0.0001 1.3401 up
UP 16 hsa_miR_379 0.0000 1.3379 up
UP 17 hsa_miR_23b 0.0000 1.3364 up
UP 18 hsa_miR_331 0.0000 1.2929 up
UP 19 hsa_miR_24 0.0071 1.2777 up
UP 20 hsa_miR_107 0.0045 1.2544 up
UP 21 hsa_miR_500 0.0005 1.2533 up
UP 22 hsa_miR_222 0.0166 1.2516 up
UP 23 hsa_miR_130b 0.0001 1.2339 up
UP 24 hsa_miR_182_AS 0.0063 1.2295 up
UP 25 hsa_miR_133b 0.0085 1.2229 up
UP 26 hsa_miR_345 0.0033 1.2209 up
UP 27 hsa_miR_133a 0.0335 1.2108 up
UP 28 hsa_miR_212 0.0415 1.1966 up
UP 29 hsa_miR_542_3p 0.0006 1.1883 up
UP 30 hsa_miR_18a 0.0109 1.1842 up
UP 31 hsa_miR_320 0.0319 1.1824 up
UP 32 hsa_miR_339 0.0000 1.1727 up
UP 33 hsa_miR_433 0.0020 1.1600 up
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Table S3A. Differentially expressed microRNAs in fibroids of black from white women
Column 1 Name P-value FCAbsolute regulation
DOWN1 hsa_miR_29b 0.000 3.0370 down
DOWN2 hsa_miR_29a 0.000 1.9650 down
DOWN3 hsa_miR_101 0.000 1.9506 down
DOWN4 hsa_miR_451 0.000 1.9323 down
DOWN5 hsa_miR_26b 0.000 1.9196 down
DOWN6 hsa_miR_29c 0.000 1.8215 down
DOWN7 hsa_miR_199b 0.002 1.7629 down
DOWN8 hsa_miR_26a 0.000 1.7043 down
DOWN9 hsa_miR_199a 0.002 1.6991 down
DOWN10 hsa_miR_424 0.001 1.6570 down
DOWN11 hsa_miR_337 0.000 1.6258 down
DOWN12 hsa_miR_326 0.000 1.6148 down
DOWN13 hsa_miR_27a 0.000 1.6060 down
DOWN14 hsa_miR_125b 0.002 1.5894 down
DOWN15 hsa_miR_27b 0.000 1.5846 down
DOWN16 hsa_miR_10b 0.019 1.5679 down
DOWN17 hsa_miR_10a 0.003 1.5547 down
DOWN18 hsa_miR_33 0.000 1.5352 down
DOWN19 hsa_miR_125a 0.000 1.5212 down
DOWN20 hsa_miR_15a 0.015 1.5042 down
DOWN21 hsa_miR_142 0.000 1.4654 down
DOWN22 hsa_miR_100 0.015 1.4593 down
DOWN23 hsa_miR_99a 0.014 1.4476 down
DOWN24 hsa_miR_199a_AS 0.024 1.4393 down
DOWN25 hsa_miR_30b 0.003 1.4283 down
DOWN26 hsa_miR_145 0.003 1.4095 down
DOWN27 hsa_miR_142_3p 0.001 1.3996 down
DOWN28 hsa_miR_19b 0.010 1.3932 down
DOWN29 hsa_miR_148a 0.005 1.3745 down
DOWN30 hsa_miR_99b 0.017 1.3724 down
DOWN31 hsa_miR_30c 0.003 1.3563 down
DOWN32 hsa_miR_193a 0.028 1.3411 down
DOWN33 hsa_miR_19a 0.021 1.3374 down
DOWN34 hsa_miR_218 0.000 1.2973 down
DOWN35 hsa_miR_141 0.000 1.2852 down
DOWN36 hsa_miR_374 0.005 1.2394 down
DOWN37 hsa_miR_200b 0.001 1.2283 down
DOWN38 hsa_miR_377 0.015 1.2271 down
DOWN39 hsa_let_7a 0.016 1.2204 down
DOWN40 hsa_let_7b 0.045 1.1917 down
DOWN41 hsa_miR_130a 0.044 1.1912 down
DOWN42 hsa_let_7c 0.046 1.1772 down
DOWN43 hsa_miR_346 0.002 1.1526 down
DOWN44 hsa_miR_152 0.038 1.1517 down



Racial difference in miRNA expression in fibroids

6 

Table S3B. Differentially expressed microRNAs in fibroids of black from white women
Name P-value FCAbsolute regulation

UP1 hsa_miR_494 0.002 2.3966 up
UP2 hsa_miR_363_AS 0.007 2.0913 up
UP3 hsa_miR_525 0.003 1.5593 up
UP4 hsa_miR_520a_AS 0.004 1.4763 up
UP5 hsa_miR_330 0.024 1.4077 up
UP6 hsa_miR_103 0.006 1.3941 up
UP7 hsa_miR_320 0.003 1.3871 up
UP8 hsa_miR_30e_3p 0.036 1.3559 up
UP9 hsa_miR_422a 0.028 1.3207 up
UP10 hsa_miR_324_3p 0.000 1.3064 up
UP11 hsa_miR_296 0.000 1.3057 up
UP12 hsa_miR_379 0.000 1.2433 up
UP13 hsa_miR_423 0.014 1.2357 up
UP14 hsa_miR_182_AS 0.034 1.2321 up
UP15 hsa_miR_198 0.006 1.1933 up
UP16 hsa_miR_21 0.000 1.1697 up
UP17 hsa_miR_542_3p 0.011 1.1558 up
UP18 hsa_miR_542_5p 0.027 1.1513 up
UP19 hsa_miR_519a 0.001 1.1501 up


