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Abstract

Objective—To determine whether expression of the stress response gene ATF3 and related

members of activator protein complex-1, cJun and cFos, were altered in leiomyoma compared to

myometrium, and whether this difference might correlate with leiomyoma size or race.

Design—Laboratory study.

Setting—University hospital.

Patients—Fifteen women undergoing hysterectomy for symptomatic leiomyoma.

Interventions—Tissue procurement, RNA isolation, reverse transcriptase PCR, real-time RT-

PCR, immunohistochemistry, western blot.

Main Outcome Measures—Expression of mRNA and protein in leiomyoma and patient-

matched myometrium.

Results—mRNA transcripts of ATF3 were decreased in leiomyoma compared to matched

myometrium by both RT-PCR and real time RT-PCR. The decrease was greater than 5 fold in a

majority of samples (P<0.05). The reduction seen in ATF3 mRNA expression did not show a

correlation with race and leiomyoma size. Surprisingly, immunohistochemistry and western blot

analysis demonstrated an elevation of ATF3 protein expression by a mean of 2.9 fold (P<0.05).

Transcripts of related AP-1 genes, cJun and cFos, were significantly decreased by a mean of

-29.57 (P<0.05) for cJun and -23.78 (P<0.05) for cFos, but there was no significant change in

protein expression of the two transcription factors.
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Conclusions—Alterations in ATF3 gene expression resemble the response to mechanical and

ischemic stress reported in other tissues. Results suggested that ATF3 protein expression was

increased in leiomyoma and may reflect increased tissue stress.
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Introduction

Leiomyoma are benign but potentially morbid uterine tumors that can be detected in the

majority of women by the age of menopause (1). Leiomyoma cause a myriad of problems

including pain, bleeding, incontinence, and infertility. Furthermore, leiomyoma are the most

common indication for hysterectomy and represent a tremendous health care burden.

Despite their prevalence, the etiology is poorly understood (2).

Several line of evidence suggest a genetic component to leiomyoma formation (3).

Syndromes such as Alport syndrome (4), Bannayan-Zonana syndrome (due to tumor

suppressor gene phosphatase and tensin homolog) (5), and hereditary leiomyomatosis and

renal cell cancer (HLRCC) (6) feature leiomyomata as a facet of their syndromic phenotype.

HLRCC is likely the same disease as Reed's syndrome (MCUL1) (3) with the etiology of

both related to a loss of function in the fumarate hydratase (FH) gene. There is also strong

epidemiological evidence that race in an important factor in the incidence of leiomyomata

(1,7-9). Multiple studies have shown an increased prevalence of leiomyomata in African

American women. Leiomyomata in African Americans occur at a younger age, grow faster,

and cause more morbidity than in matched Caucasians (7). Distinct differences in expression

of fumarate hydratase have been found between Caucasian and African-American women in

relationship to leiomyoma disease (10). In order to search for specific genetic links with

disease, microarray screens are a powerful tool. Previous microarray studies by our group

(11-13), and by others (14-16), have demonstrated multiple differentially expressed genes in

leiomyoma relative to surrounding normal myometrium.

Despite similar scientific strategy and methods, only eight differentially-expressed genes

were shared across the majority of the studies (14, 15, 17). The gene Activating

Transcription Factor-3 (ATF3) was one of the eight genes identified by multiple screening

studies. In all 6 screening studies that evaluated ATF3, mRNA levels were reduced from 2.8

to 16.7 fold. ATF3 is particularly interesting because it is involved in the stress response of

many tissues, including mechanical stress (18). Whereas stress is any adverse stimuli acting

upon an organism or cell, mechanical stress is a specific type of stress, a mechanical stimuli

that leads to a cellular response (19). Recent study has suggested that mechanical stress may

play a role in the development of leiomyomata (20), and this may be related to the

hypothesis that leiomyomata share features consistent with an altered response to wound

healing (13, 21).

ATF3 belongs to a large family of over 20 proteins featuring a bZip DNA-binding domain,

specifically the ATF/CREB, AP-1 (fos and jun proteins) and C/EBP families of related

proteins. The consensus binding site for the ATF family (CREB/CREM, CRE-BP1 [ATF-2],
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ATF3, ATF4, ATF6 and ATF6 and B-ATF) is TGACGT(C/A)(G/A) and is identical to the

CRE consensus TGACGTCA (22). Of note, ATF3 is a stress-inducible gene, induced by

both oxidative stress and mechanical stress. Mechanotransduction is a means of solid-state

signaling whereby mechanical stresses can activate cell surface proteins and induce

signaling cascades. Although the signaling modules that regulate ATF3 expression are not

fully elucidated, in many systems ATF3 induction occurs immediately and transiently after

induced stress. Similarly, the AP-1 transcription factor complex regulates important

processes, such as cell proliferation, differentiation, and cell death (23, 24). The exact

mechanisms and pathways for the actions of AP-1 are tissue dependent (25). The function of

ATF3 appears to be part of a cellular response that results in tissue destruction, in part

through influence on apoptosis (26).

ATF3 mRNA has been shown to be decreased by microarray data, but these results must be

considered preliminary requiring confirmatory testing (12). ATF3 protein has not been

measured, nor have protein levels of related AP-1 family members been characterized in

leiomoyoma and myometrium. In this study, we hypothesized that ATF3 expression would

be altered in leiomyoma or might correlate with leiomyoma size and/or patient race. To test

this hypothesis we collected leiomyomata from hysterectomy specimens and performed

mRNA and protein analysis.

Material and Methods

Tissue Procurement

IRB approval was obtained at the National Naval Medical Center in Bethesda, Marlyand,

where all surgeries were performed. Leiomyoma and myometrial tissue samples were then

obtained from 15 patients undergoing hysterectomy for symptomatic leiomyomata. Tissue

harvesting involved isolation of each leiomyoma as well as myometrium. Approximately 1

cm3 tissue pieces were taken when available. For some leiomyoma, this represented the

entire specimen. For larger leiomyomata, tissue was taken from the periphery, beneath the

capsule.

Tissue destined for RNA isolation was minced and immediately placed in RNAlater

(Ambion, Inc., Austin, TX), tissue that was not to be used within 24 hours for RNA isolation

was stored at -70C. The samples destined for IHC were cut into 5-mm3 section and stored in

4% formalin at the time of tissue harvesting. The tissue samples were then paraffin

embedded and mounted on slides.

RNA Isolation

Leiomyoma and myometrium tissue samples were removed from the RNAlater (Ambion,

Austin, TX) solution and re-minced. This tissue was then placed in 6ml TRIzol reagent

(Invitrogen, Carlsbad, CA). Tissue homogenization was performed first with a scalpel and

then with a Tissue Tearer, model 985-370 (Biospec Products, Inc.). The tissue homogenate

was left at room temperature for 5 minutes, and then mixed with 1.2 ml of chloroform. This

mixture was kept at room temperature for 15 minutes, and then centrifuged at 8500rpm for

20 minutes. The aqueous layer was transferred and mixed with 3ml isopropanol. This
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mixture was left at room temperature for 10 minutes, and then was centrifuged at 8500rpm

for 20 minutes. The liquid was decanted, the pellet dried, and then the pellet was re-

suspended in 10ml 75% ethanol and centrifuged at 8500rpm for 10 minutes. The liquid was

decanted and the pellet re-suspended in DEPC-treated sterile water. This extract was then

treated with DNA-free (Ambion) to ensure there was no DNA contamination. RNA integrity

and concentration were confirmed by agarose electrophoresis and spectrophotometry

readings measured at A260 and A280, the ratio of these readings was used to assess RNA

purity.

Reverse Transcriptase PCR

Total RNA (leiomyoma or myometrium) was first diluted to obtain the following stock

concentrations: 100ng/microliter, 10ng/microliter, and 1ng/microliter. Primers were

designed using Beacon Designer (BioRad) so as to amplify a 90-150 bp section close to the

3′ end of the translated region (within 500bp). The sequences of the ATF3 primers were 5′-

AAGTGAGTGCTTCTGCCATC-3′ (sense) and 5′-TTTCTTTCTCGTCGCCTCTTTT-3′

(anti-sense), for cFos 5′-GACCCTGAGCCCAAGCCC-3′ (sense) and 5′-

GTAGGTGAAGACGAAGGAAGACG-3′ (anti-sense), and for cJun 5′-

CCGTTTACACCAACCTCAGC-3′ (sense) and 5′-TCTGCGGTTCCTCCTTGAAG-3′

(anti-sense).

The primers were then generated on the 392 DNA/RNA Synthesizer (Applied Biosystems),

and purified by HPLC. These were added to the reaction mix at 200nM concentration.

Superscript One-Step RT-PCR with Platinum Taq (Invitrogen) was used, and the Gene Amp

PCR System 9700 (Applied Biosystems) was used for thermal cycling. The reverse

transcriptase was performed at 50 degrees Celsius for 30 minutes, followed by 94 degrees

Celsius for 2 minutes. The samples then underwent 40 cycles at the following temperatures:

94 degrees Celsius for 15 seconds, 50-65 degrees Celsius (depending on optimal annealing

temperatures for the designed primers) for 30 seconds, and 72 degrees Celsius for 3 minutes.

Primers for 18s ribosomal RNA were included as an internal control. After completion of

cycling, the samples were stored at 4 degrees Celsius. Leiomyoma and myometrial samples

were then run side-by-side at the same starting concentration on a 2% agarose gel. They

were run at 10ng concentrations both with and without 18s ribosomal RNA control gene

primers to determine if there was competition between primer sets.

Real-Time RT-PCR

Total RNA (either from leiomyoma or myometrium) was diluted as described above.

Primers were also designed and constructed as described above. Probes had been

simultaneously designed with primers to ensure a good match. Initial experiments to

determine the optimal concentration ratio between control and gene of interest primers,

determined a concentration of 300nM for ATF3 primers and 12.5nM for 18s primers. The

leiomyoma and myometrial samples were run simultaneously in four separate samples each.

Thermal cycling occurred as described above on an iCycler IQ (BioRad).

The 18S RNA control was used to adjust for differences in starting RNA concentrations.

Given the extremely low, and at times undetectable, levels of ATF3 gene product, it was
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necessary to run the samples with 10ng of RNA in order to reliably detect ATF3 signal. This

is 100× higher concentration than normally required for real time analysis. Furthermore the

ratio between ATF3 and 18s control primers had to be titrated to 24 in order to have the

signal from the control not obscure the ATF3 signal. Data analysis was performed with

iCycler (BioRad).

Immunohistochemistry

For immunohistochemistry, tissue samples stored in 4% formalin were placed in paraffin

and sectioned onto slides. The tissue sections were deparaffinized using xylene and hydrated

using graded ethanol solutions followed by distilled water. Slides were then treated with

methanol/3% hydrogen peroxide solution for 15 minutes to block endogenous peroxidases,

and treated with chondroitin ABC lyase at 0.15 U/ml for 15 minutes. Blocking was done

with normal goat serum according to recommendations by Vectastain Elite ABC kit,

PK-6101 (Vector Laboratories, Burlingame, CA). Slides were then treated with primary

antibody [ATF-3] (C-19, Santa Cruz Biotechnology, Inc., Santa Cruz, CA) at a dilution of

1:200 for 2 hours at room temperature. Biotinylated avidin-linked horseradish peroxidase

secondary antibody was added according to guidelines of Vectastain Elite ABC kit,

PK-6101 (Vector Laboratories). Tissue sections were then stained using 3, 3′-

diaminobenzidine (DAB) substrate according to guidelines of DAB Substrate Kit for

Peroxidase, PK-4100 (Vector Laboratories). Finally, slides were dehydrated and mounted

using Hypermount (Shandon, Pittsburgh, PA). The negative controls used in this study were

3%BSA/0.1% Tween/TBS solution at the same dilution as the primary antibody as a

replacement for the primary antibody on leiomyoma and myometrial tissues. This was also

used as a replacement for the secondary antibody on leiomyoma and myometrial tissues. No

staining was observed on the control slides of leiomyoma or myometrial tissues that were

exposed to either no primary antibody, or no secondary antibody. Liver sections were used

as positive controls; non-immune serum was used as a negative control.

Western Blot

Protein Isolation and Analysis—Protein extracts were prepared from the thawed

myometrium and leiomyoma tissue samples. The finely minced tissue was extracted

overnight at 4° Celsius in homogenizing buffer [250 mM Tris-HCl (pH 8.0), 200 μM sodium

orthovanadate, 100 mM NaF, 1 mM EDTA, 120 mM NaCl, 0.5% Nonidet P-40 and one

“complete” tablet (Roche Diagnostics, Indianapolis, IN)]. The homogenate was centrifuged

at 14,000g for 30 minutes to pellet large cellular debris. The lysates were stored at -80°C.

The standard bicinchoninic acid (BCA) assay (Pierce, Rockford, IL) was used to determine

protein concentration. Based on a standard curve of absorbance (562nm) versus micrograms

protein (0.2 to 50 μg protein standards), lysate concentrations were determined from the

curve.

For Western blot analysis, 10 μg protein samples were denatured in 1× SDS buffer and

heated at 100°C for 5 min. The samples were electrophoresed onto SDS-PAGE gels

(Invitrogen) in Tris-glycine SDS running buffer. The separated proteins were electroblotted

to Protran nitrocellulose (Schleicher and, Schuell, Keene, NH) and then probed with ATF-3

(C-19):sc-188 rabbit anti-human antibodies used at 1:200 from Santa Cruz Biotech. The
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primary antibodies were detected with the horseradish peroxidase (HRP)-conjugated anti-

rabbit (Amersham Bioscience, UK) used at 1:500 in combination with the SuperSignal West

Pico Chemiluminescent Substrate (Pierce). As an internal standard between the samples,

HRP-conjugated anti-human beta-actin (sc1616, Santa Cruz) at a dilution of 1:50,000 was

used. Western blots were quantitated with Quantity One (BioRad) software. A standard area

on each gel was used for the blots and the intensity of signal was measured inside those

areas. Each signal was normalized by dividing it by the matching beta-actin signal strength.

The intensity of the protein band from leiomyoma was divided by the intensity of the patient

matched band from the myometrial sample in order to achieve relative expression.

Statistical Analysis

Two tailed Student t-tests were used to test for significance where the distribution was found

to be normal. In order to perform a t-test on data that was expressed as ratios, the ratios first

were converted to logarithms, to correct for the fact that ratios are intrinsically an

asymmetrical measure. Significance was defined as P<0.05.

The data for real time analysis of ATF3 was graphed and found to be nonparametric, with a

bimodal distribution. For that dataset a Wilcoxon Signed Rank sum test was used for

analysis of significance. Significance was defined as P<0.05.

Results

Of the fifteen patients included in the analysis, nine were African American, four Caucasian,

one Hispanic, and one Asian (Table I). Patient ages ranged from 36 to 49 years. Leiomyoma

size ranged from 0.5cm to 7.0cm in diameter. No patient was being treated with GnRH

agonist (leuprolide acetate) or was post-menopausal at the time of hysterectomy.

ATF3 is critical for stress response regulation and was differentially expressed based on

microarray studies, therefore we evaluated its expression in leiomyomata and patient

matched myometrium. PCR amplification of reverse transcribed cDNA with ATF3 primers

revealed only a faint band in leiomyoma tissue, in contrast to a strong band in myometrial

tissue, suggesting a reduction of ATF3 message in leiomyoma relative to myometrium

(Figure 1).

In order to quantitate this difference, real time RT-PCR was then performed for ATF3

transcripts in samples from 13 patients and 19 different leiomyomata, comparing

leiomyomata to matched myometrium (Table II). ATF3 mRNA was consistently under-

expressed in all of the leiomyomata compared to their controls except in the one Hispanic

patient whose leiomyoma and myometrial tissues showed no difference in ATF3 mRNA

expression. The other twelve patients, however, showed variable under-expression of ATF3

mRNA which was noted to be in a bimodal distribution with one subgroup of patients

demonstrating markedly lower expression than the other. Because of this distribution, and

our interest in the possible genetic differences between races and leiomyoma size, we

analyzed the real time data for ATF3 mRNA transcript based on leiomyoma size, fold

under-expression, and race. There was no correlation between these variables with the

number of patients studied.
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To examine the protein expression, western blot of ATF3 was performed which revealed

increased expression of ATF3 protein in the leiomyoma compared to myometrium (Figure

2A). Beta-actin was used as a control. The ATF3 protein product was over-expressed in all 8

patients with a mean of 2.9 (P<0.05) (Figure 2B). In order to localize the subcellular

distribution of protein product, immunohistochemistry studies were performed which

confirmed an intracellular location of ATF3 with concentration in the nucleus (Figure 2C).

Because ATF-3 can dimerize with and be modulated by cJun and cFos, members of the

AP-1 complex, levels of mRNA and protein of cFos and cJun were also assessed. Real time

PCR for cFos and cJun showed a reduction in their mRNA transcripts in leiomyoma

compared to myometrium. The mean fold expression in leiomyoma tissue relative to

myometrial tissue for cFos was -23.78 (P<0.05) and for cJun was -29.57 (P<0.05) (Figure

3A). Western blot of cFos and cJun did not show significant differences in protein

expression for these genes (Figure 3B).

Discussion

ATF3 mRNA was reduced in leiomyoma compared to matched myometrial samples

confirming our microarray results (11) and others (17). In contrast, protein expression for

ATF3 was found to be increased in leiomyoma. This suggests that ATF3 has been activated

in leiomyoma tissue, achieved relatively high and sustained levels of protein. Based on

observations in other tissues (27), we suspect that the protein was repressing its own

promoter, resulting in a low steady state level of mRNA. We were interested in whether

ATF3 might vary with leiomyoma size and race, but our data did not show convincing

evidence that ATF3 expression levels varied based on these factors. Related Activator

Protein-1 Complex genes cFos and cJun had reduced mRNA transcript expression in

leiomyoma, but no significant difference in protein expression.

ATF3 protein has been shown to be elevated after ischemia in cardiac muscle, mechanical or

chemical injury in the liver, the post-seizure brain, and other tissues. In mice

cardiomyocytes, ischemia and reperfusion injury have been shown to induce ATF3 protein

(18). The increased expression of ATF3 in mice caused structural and functional disorders in

the heart muscle such that the tissue became hypertrophied with disarrayed myofibrils,

similar to that observed for leiomyoma structure particularly in collagen structures (28).

Recent work (29) also suggested that mechanical stretch in murine cardiomyocytes may be a

pathway through which ATF3 acts, in line with a recent finding of increased mechanical

stiffness in human leiomyomata (20).

It has been hypothesized that failure of normal apoptosis plays a role in leiomyoma

development (30). Activation of ATF3 has been shown to be involved in apoptotic responses

to stress (26). However whether ATF3 activation ultimately leads to tissue destruction via

apoptosis, or tissue growth via repression of apoptosis appears to be dependent on the

environment and type of tissue. In most cells, ATF3 mRNA is almost undetectable (31).

However, ATF3 mRNA levels increase rapidly in response to diverse stressors including

ischemia, wounding, and various cytokines (22, 25), and fall soon after the stress event,

likely because ATF3 can repress its own promoter (27).
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ATF3 can function as a transcriptional repressor when it is a homodimer, but can be a

transcriptional activator when it dimerizes with cJun (2) In fact, cJun seems to be a crucial

component in the regulation of the AP-1 complex in cell proliferation and has been shown to

have variable effects in different cell types (23). Our data suggests that cFos and cJun

mRNA are downregulated in leiomyoma tissue, however, their protein concentration did not

differ between myometrium and leiomyoma.

The mechanism for the development of leiomyomata is unknown. Epidemiologic data (32)

suggest an increased risk of leiomyomata in women with hypertension and previous pelvic

infections or infectious exposures. Both of these disease processes cause tissue stress with

cell injury, inflammation, and cytokine release, which may also affect uterine smooth

muscle and stimulate leiomyoma development. In fact, 8-hydroxy-2′-deoxyguanosine (8-

OH-dG), a biomarker of oxidative stress, has previously been shown to be more abundant in

leiomyoma than myometrium (33). Stress-responsive protein SRP27 has also been found in

higher levels in leiomyoma than in myometrium in a pattern similar to that seen in breast

cancer (34). In addition, the BCL-2 proto-oncogene, which produces a protein that can

inhibit apoptosis, is overexpressed in leiomyoma compared to myometrium (35). It has

further been shown that GnRHa inhibits leiomyoma cells in culture by inducing apoptosis

(36). Together, these studies suggest that varying stresses to the uterus may lead to the

development of leiomyoma, with inhibition of apoptosis as a biologically plausible

mechanism for leiomyoma development.

Our results support the notion that leiomyoma share features of a disordered response to the

stress of wound healing, or mechanical stress. ATF3 may be involved in leiomyoma

development, providing a mechanistic link between the influence of irritants and stressors on

leiomyoma development and the dysregulated apoptosis seen in these important tumors.

Differing expression levels of ATF3 between leiomyoma and myometrium suggest a

possible molecular mechanism whereby mechanical and ischemic stress, perhaps through

the influence of apoptosis or disordered wound healing, could lead to the development of

these common and troublesome uterine tumors.
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Figure 1.
ATF3 mRNA expression in leiomyoma and myometrium

Representative reverse transcriptase PCR analyzing ATF3 levels in leiomyoma and

myometrium samples (N=7). Lane 1: LM, lane marker. Lane 2: negative control, ATF3 and

18S primers (no mRNA). Lane 3: 10 μg myometrial mRNA, ATF3 primers. Lane 4: 10 μg

leiomyoma mRNA, ATF3 primers. Lane 5: 10 μg myometrial mRNA, ATF3 and 18S

primers. Lane 6: 10 μg leiomyoma mRNA, ATF3 and 18S primers.
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Figure 2.
Assessment of ATF3 protein expression

A. Western Blot showing ATF3 protein expression (21kDa bands) using 10μg each of

representative myometrium (M) and leiomyoma (L) lysates (upper panel). β actin (42kDa

bands) was used as a control (lower panel). B. Graphical representation of mean fold protein

expression (leiomyoma:myometrium) for ATF3 protein in leiomyoma (black bar) and

myometrium (white bar) from 8 sample pairs determined by pixel intensity, P<0.05 (two-

tailed Student's t-test). ATF3 was found to be more abundant in leiomyoma. C.

Immunohistochemical images of ATF3 protein in leiomyoma and corresponding

myometrium at 63× magnification. Intracellular staining of ATF3 is demonstrated by the

arrows. Similar staining patterns were seen in 6 different sample pairs (not shown).
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Figure 3.
A. mRNA expression of AP-1 transcripts.

Graphical representation of mean fold mRNA expression (leiomyoma:myometrium) for

cJun and cFos respectively, in leiomyoma (black bars) and myometrium (white bars) from

10 sample pairs. Expression values were determined by real-time reverse transcriptase PCR

using 10ng of mRNA isolated from leiomyoma and myometrium samples, respectively.

Significance was determined using a two-tailed t-test. The mean fold mRNA expression for
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Jun was found to be -29.56, SEM of 14.9 (p<0.05). Fos was found to be -37.97 with a SEM

of 15.1 (p<0.05).

B. Protein expression cJun and cFos.

Graphical representation of mean fold protein expression (leiomyoma:myometrium) for cJun

and cFos respectively, in leiomyoma (black bars) and myometrium (white bars) from 8

sample pairs. Values were determined by pixel intensity from western blot experiments. The

mean fold protein expression for cJun and cFos were found to be 1.2 and 1.3, respectively.

Protein levels between myometrium and leiomyoma did not differ significantly using a two-

tailed t-test.
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Table 1
Patient Characteristics: Age, Race and Leiomyoma Diameter

Patient Age Race1 Diameter (cm)

1 43 AA 1

2 39 AA 1

3 37 C 2

4 36 AA 7.0

5 37 AA 1.6

6 46 AA 3.3

7a2 40 AA 3.0

7b 0.5

8a 44 H 5.7

8b 0.5

9 40 C 3.0

10a 36 C 4.8

10b 0.5

11 49 Asian 7.0

12a 46 C 4.2

12b 2.3

12c 0.5

12d 0.5

12e 0.5

13 46 AA 4.6

14 48 AA 3.3

15 44 AA 3.9

1
AA, African American; C, Caucasian; H, Hispanic.

2
a, b, c, d, and e represent different leiomyomata for the given patient.
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Table 2

Realtime RT-PCR Analysis of ATF3 mRNA in Leiomyomata and Myometrium 1

Patient ATF3 mRNA L:M

1 -19.3 ± .09

2 -16.3 ± .33

3 -18.6 ± .25

4 -60.8 ± 13

5 -1.8 ± .35

6 -4.3 ± .23

7a2 -3.0 ± 1.30

7b -3.9 ± .22

8a 1.4 ± .13

8b 1.3 ± .18

9 -3.5 ± .27

10a -60.4 ± .13

10b -71.0 ± .21

12a -87.3 ± .27

12b -91.0 ± .39

12c -8.14 ± .24

12d -7.13 ± .24

14 -96 ± .42

15 -62.5 ± .72

Mean3 -32.3±8.2

1
Values are fold expression leiomyoma:myometrium determined by the Ct value plus or minus the standard error of the mean. Positive values

indicate that mRNA expression was greater in leiomyoma than in myometrium. Fractional values were converted to their negative inverse to
properly convey fold expression greater in myometrium than in leiomyoma.

2
a, b, c, and d indicate different leiomyomata from the same patient.

3
Fold mRNA expression of ATF3 (leiomyoma:myometrium) from real-time reverse transcriptase PCR. While the overall mean was -32.3±8.2, the

data were found to be bimodal with means of -6.9 ± 2.1 and -75.5 ± 6.3. Differences in steady state mRNA between leiomyoma and myometrium
were significant using a Wilcoxon Signed Rank Sum test (P<0.05).
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Table 3

ATF3 mRNA fold expression by Race, Age, and Leiomyoma size1

Race Least Difference (N=6) Middle Difference (N=6) Greatest Difference (N=7)

African American 3 3 4

Caucasian 1 3 3

Hispanic 2 0 0

Mean Age (yrs) 40.8 41.9 42.7

Mean Leiomyoma Diameter (cm) 2.4 1.9 3.4

1
mRNA transcript expression were divided into 3 groups by fold expression leiomyoma to myometrium: least difference (1.4 to -4.3), middle

difference (-7.1 to -19.3), greatest difference (-60.7 to -96.0). There was no apparent relationship between leiomyoma size or race and ATF3
expression.
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