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Abstract

Objective—To determine if programmed cell death 4 (PDCD-4) is altered in autologous
leiomyoma and myometrial tissues and microRNA-21's (miR-21) role in PDCD-4 expression,
apoptosis and translation.

Design—Laboratory research.
Setting—Academic medical center.
Patient(s)—Myometrial and leiomyoma tissues from patients with symptomatic leiomyomata.

Interventions(s)—Tissue analysis and miR-21 knockdown in cultured immortalized myometrial
(UtM) and leiomyoma (UtLM) cells.

Main Outcome Measure(s)—MiR-21 and PDCD-4 mRNA and protein expression.

Result(s)—Leiomyoma tissues robustly expressed the full-length 51kDA isoform of PDCD-4,
while normal myometrial tissue had negligible expression Consistent with autologous tissues,
UtLM cells expressed elevated miR-21 and a similar pattern of PDCD-4 compared to UtM cells.
Knockdown of miR-21 increased PDCD-4 levels in UtM cells and UtLM cells, indicating that it
can regulate PDCD-4 expression. Loss of miR-21 also increased cleavage of caspase-3 (apoptosis
marker) and increased phosphorylation of elongation factor -2 (marker of reduced translation) in
both cell lines.

Conclusions—Elevated leiomyoma miR-21 levels are predicted to decrease PDCD-4 levels,
thus leiomyomas differ from other tumors where loss of PDCD-4 is associated with tumor
progression. Our studies indicate regulation of PDCD-4 expression is not a primary miR-21
function in leiomyomas, but instead miR-21 is able to impact cellular apoptosis and translation,
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Capsule
PDCD-4 is unexpectedly elevated in leiomyomas, while normal myometrium does not express the protein. The expected inverse
correlation of microRNA-21 and its target, PDCD-4 is absent in fibroids.
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through unknown targets, in a manner consistent with its involvement in the pathophysiology of
uterine fibroids.

Keywords
microRNA,; uterine fibroids; leiomyoma; PDCD-4; miR-21

Introduction

Human uterine leiomyomas (ULMSs) are benign tumors located in the smooth muscle of the
myometrium. They are clinically apparent in ~25% of reproductive-aged women but the
overall incidence is between 70 and 80% (1). ULMs can cause abnormal uterine bleeding,
pelvic pressure, pain, and reproductive dysfunction and they are the most common risk
factor for hysterectomy resulting in 200,000 annually in the U.S. (2). While the etiology that
leads to the development of ULMs is unknown, the ovarian steroid hormones, estrogen and
progesterone, as well as genetic abnormalities have both been implicated in the development
of ULMs (3-6). Numerous studies have implicated microRNAs (miRNA) as critical
regulators of many disease processes including cancer (7, 8). A consistent finding observed
across ULM miRNA expression studies comparing leiomyoma tissue to autologous
myometrial tissue is the induction of miR-21 in ULM tissue (9-11). Aberrant expression of
miR-21 in a number of human cancers including breast, cervical, ovarian, hepatocellular,
esophageal, prostate and lung B cell lymphoma has led to miR-21 being referred to as an
oncomiR (7, 8). While miR-21 has received a great deal of attention due to its role in other
cancers, little is known regarding the role that miR-21 plays in ULM etiology.

Many functionally important direct targets of miR-21 that regulate apoptosis and/or
tumorigenesis have been identified. These include reversion-inducing-cysteine-rich protein
with Kazal matifs, sprouty 2, phosphatase and tensin homologue, T lymphoma and
metastasis gene 1 and tropomyosin 1 amongst others (8). Another well studied miR-21
target transcript is programmed cell death-4 (PDCD-4) (8, 12). PDCD-4 has many important
functions including cell cycle regulation, neoplastic transformation and apoptotic regulation
(13). In-vitro cell culture models have also implicated PDCD-4 in inhibition of
tumorigenesis, through down regulation of carbonic anhydrase 11 and urokinase receptor
(14). Confirmation of its tumor suppressive role has been demonstrated in mouse models in
which overexpression of PDCD-4 in the epidermis led to significant reductions in skin
carcinogenesis (15). Expression analysis of PDCD-4 has shown that it is down regulated in a
variety of tumors providing additional confirmation of PDCD-4's function as a tumor
suppressor (8, 12, 16). In the single study examining miR-21 target genes in ULM, Pan et.
al. (17) observed a slight decline in PDCD-4 mRNA levels in cultured primary leiomyoma
cells compared to cultured myometrial cells, while paradoxically, showing that PDCD-4
MRNA levels were increased in a transformed leiomyoma cell line and in a leiomyosarcoma
cell line, inconsistent with its role in tumor suppression. This study, however, did not
address whether PDCD-4 protein expression was regulated by miR-21 in these cell lines
(17). Lastly, no study has examined PDCD-4 expression patterns in isolated leiomyoma or
myometrial tissue.

This study investigated miR-21 and PDCD-4 expression patterns in hTert-immortalized
leiomyoma (UtLM) and myometrial (UtM) cell lines as well as in leiomyoma and
myometrial tissues. Additionally, we determined if miR-21 could post-transcriptionally
regulate PDCD-4 and whether miR-21 could elicit effects on apoptosis or translation within
the immortalized cell lines. Our results showed a distinct pattern of protein expression for
PDCD-4 in leiomyoma tissues when compared to autologous myometrial tissues. Moreover,
we observed that miR-21 affected global translation and regulation of apoptosis within
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myometrial and leiomyoma cells, and PDCD-4 did not reflect the anticipated inverse
correlation with miR-21 levels.

Materials and Methods

Tissue Samples

Myometrial and leiomyoma tissue samples were obtained from healthy premenopausal
women with symptomatic leiomyomas at the time of elective hysterectomy at Carle
Foundation Hospital (Urbana, IL). All tissues were collected under consent for use of
discarded human tissue that was approved by the Institutional Review Board at the
University of Illinois at Urbana-Champaign and Carle Foundation Hospital. Each tissue
sample was assigned an arbitrary identification number on the day it was received and
patient information was known only to the physician or physician's nurse. However,
physicians provided information about the age of the patient and any medications. All
patients were premenopausal (21-50 years old) and had not been on any hormonal
medications for six months prior to their hysterectomy. Tissues collected were from both
proliferative (53%) and secretory (47%) stages of the menstrual cycle. Upon biopsy,
leiomyoma (n=11) and myometrial (n=12) tissues were placed in TRIZOL and processed to
RNA in the laboratory (18), most of these tissues were from paired tissues. An additional, 11
autologous pairs of leiomyoma and myometrium tissues were used for protein analysis,
seven of the sets of samples for the RNA and proteins samples were derived from the same
patients.

Cell Lines and Tissue Culture

The hTert-immortalized leiomyoma cells (hereafter referred to as UtLM) were generated as
described previously (38) and were generously provided by Dr. Darlene Dixon (National
Institute of Environmental Health Sciences, Research Triangle, NC). The hTert-
immortalized myometrial cells (UtM), generously provided by Dr. Rainey (Medical College
of Georgia, Augusta, GA), were cultured in DMEM/F12 (Gibco, Carlsbad, CA.)
supplemented with 7.5% NaHCO3 1% antibiotic antimycotic (Gibco), and 10% Fetal
Bovine Serum (19). UtLM cells were cultured in MEM (Sigma, St. Louis, MO)
supplemented with 300ug/ml of G418 (Calbiochem, San Diego, CA), 1% essential amino
acids (Gibco), 1% non-essential amino acids (Gibco), 1% L-Glutamine, 15% FBS and 1%
vitamins (Gibco). Medium was replaced every 2-3 days and cells were passaged using 1X
Trypsin (Gibco) as needed.

Locked nucleic acid (LNA) inhibitors were purchased from Exigon
(http://www.exigon.com/mirna-inhibitors). The inhibitor specific for miR-21 (LNA-
miR-21), has a complementary sequence to miR-21, 5’-
CAACATCAGTCTGATAAGCT-3’ (bolded bases indicate position of locked nucleic
acids), which binds to and blocks miR-21 action. The non-specific inhibitor LNA-scramble,
which does not recognize any known RNA transcripts, was used as a control. UtM and
UtLM cells were transfected in serum free medium (DMEM/F12 or MEM) at 85%
confluence with LNA oligonucleotides (40 nM) using lipofectamine 2000 (Life
Technologies, Grand Island, NY) per the manufacturer's protocol. Eight hours after
transfection, medium was replaced with appropriate culture media for each cell line.
Twenty-four hours after transfection, cells were harvested and RNA was isolated using
Trizol (Ambion, Carlsbad, CA) per manufacturer's protocol and stored at -80° C until use.
Cells were lysed in a hyptonic buffer containing 20mM NaCL, 25mM Tris-HCl and 0.1%
Triton X-100. Lysates were centrifuged at 10,0009 for 10 minutes to pellet cellular debris.
The protein supernatant was stored at -80° until use.
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Western Blotting

Protein concentration was determined for each sample using the Bio-Rad protein assay (Bio-
Rad Laboratories, Hercules CA). Proteins (15 ug/sample) were denatured by diluting the
appropriate volume in 4X Sample Buffer (4ml of glycerol, 0.8g of SDS, 2.5 ml of 1M Tris-
HCI, 8ml of H,0, .05% w/v bromophenol blue) and heating at 95° C for 5 minutes. Proteins
were resolved in a 10% SDS PAGE gels in 1X running buffer (4.5g Tris-Base, 21.6 glycine,
2g SDS, 2L dH,0) and then transferred to PVDF membrane using transfer buffer (6.06g of
Tris-Base, 28g glycine, 0.2g SDS, 1600 ml dH,0, 400 ml MeOH). Membranes were
blocked in 5% milk in 1X TBS-T for 1 hour. Primary antibodies were incubated with
membranes overnight at 4° C at 1:1000 dilution in 5% milk in 1X TBS-T and appropriate
secondary antibodies were incubated for 1 hour at room temperature with membranes at
1:10000 dilution in 5% milk in 1X TBS-T. Membranes were washed 3X10 minutes before
and after secondary antibody incubation in 1X TBS-T. West Pico chemiluminescent
substrate (Thermo Scientific Waltham, MA) was used to visualize the protein antibody
complexes. Primary antibodies included 2-PDCD-4 antibodies (ProSci, Poway, CA and
Sigma, St.Louis, MO), actin (Santa Cruz Biotechnology, Santa Cruz, CA), phospho-EF2,
and cleaved caspase 3 (Cell Signaling, Danvers, MA). Secondary antibody used for all
westerns other than actin was donkey anti-Rabbit IgG-HRP (GE Healthcare, Little
Chalftont, UK.). Secondary antibody used for the Actin westerns was donkey anti-Goat 1gG-
HRP (Santa Cruz Biotechnology, Santa Cruz, CA.)

Quantitative RT-PCR

Statistics

Results

Total RNA (250ng) was reverse transcribed using the miScript Reverse Transcription Kit
per the manufacturer's protocol (Qiagen, Hilden, Germany). Samples were diluted 1:10 in
dH,0 for gRT-PCR, which was performed on an Applied Biosystems HT7900 sequence
detector (Foster City, CA). Primer sets for U6 (forward primer CTC GCT TCG GCA GCA
CA, reverse primer AAC GCT TCA CGA ATT TGC GT) and PDCD-4 (forward primer
GGC CCG AGG GAT TCT GAA, reverse primer TAT CTG CTC ATT TTC TAC ATC
CAT TTT) and the forward primer for miR-21 (TAG CTT ATC AGA CTG AT) were
designed using Primer Express 3.0 Software. A universal primer from the miScript Sybr
green PCR Kit (Qiagen) along with its forward primer was used to amplify miR-21. Samples
were run in triplicates and the A ACt method was used to calculate the relative fold change
between the samples following normalization with U6 (20). The presence of a single
dissociation curve confirmed the amplification of a single transcript and lack of primer
dimers. Standard RT-PCR using primers (forward primer
GAAAATGCTGGGACTGAGGAA, reverse primer GACGACCTCCATCTCCTTCGCT)
designed to span the complete PDCD-4 coding sequence was completed to determine if
alternative spliced variants exist.

Band intensity of each protein was determined using Gel-Pro Analyzer software. The mean
amount (n=3) of each protein was determined by normalizing the intensity of the specific
protein bands to that of actin. The mean value of each samples’ triplicate in qRT-PCR was
normalized to U6 using the A A Ctmethod as described previously (20). Student's T-tests
were performed to determine if expression levels of protein and/or mRNA of interest was
affected by treatment. Statistical significance was considered at P<0.05.

Consistent with elevated miR-21 in leiomyomas in previous studies, mature miR-21 levels
in our leiomyoma tissues trended towards a 3.9 + 2.9-fold increase (P=0.08) compared to
normal myometrium (Figure 1A). Expression of PDCD-4 mRNA in leiomyoma (4.2 = 0.8;
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mean fold + SEM) and myometrial (3.9 + 1.1) tissues were not different (P=0.85). In
contrast, full-length 51 kDa PDCD-4 protein levels were markedly different in paired
leiomyoma and myometrial tissues with myometrium showing barely detectable levels while
leiomyoma tissues exhibited a robust signal (Figure 1B). No differences in PDCD-4 or
miR-21 by stage of menstrual cycle were noted. Conversely, the paired myometrial tissues
exhibited a lower molecular weight immunoreactive band that was not evident in the
leiomyoma tissues (Figure 1B and Supplementary Figure 1A). To ensure this lower band
was not an artifact, another PDCD-4 antibody (Sigma) was used (see Supplementary Figure
1B) and a similar pattern of immunoreactive bands was present, albeit the signal was not as
robust for the lower band in the myometrium. In addition, leiomyomas exhibited a number
of additional immunoreactive bands below the predicted full length 51 kDa PDCD-4 again
with both antibodies. .

Immortalized myometrial cells (UtM) and leiomyoma cells (UtLM) were assayed for their
relative expression of PDCD-4 mRNA/protein and miR-21. Unlike myometrial and
leiomyoma tissues obtained from patients, both cell lines expressed the 51 kDa isoform, but
consistent with the tissues, the UtLM cells had higher levels (1.4-fold) than UtM cells.
Again consistent with tissues, the lower molecular wt immunoreactive band was higher (2-
fold) in UtM cells (Figure 1C). In addition, similar to patient-derived leiomyomas, a number
of immunoreactive bands between 50 and 32 kDa were observed in the UtLM cells with
minor evidence of these intermediate bands in the UtM cells. RT-PCR for the full length
mMRNA failed to show differences between the myometrial and leiomyoma tissues. Direct
comparison of PDCD-4 protein expression between tissue samples and immortalized cell
lines revealed that the expression pattern of the normal myometrial tissues closely resembles
that of the UtM cells while that of the leiomyoma tissues closely resembles that of the UtLM
cells. PDCD-4 mRNA expression did not differ significantly between the cell lines (Figure
1D), while mature miR-21 expression was 4-fold greater in UtLM cells compared to UtM
cells (Figure 1D). Since PDCD-4 is a known functional target of miR-21 in other cell lines,
we analyzed PDCD-4 expression after inhibition of miR-21 in both the UtM and UtLM cell
lines (Supplementary Figure 2A confirms the loss of mature miR-21 levels following LNA-
miR-21 treatment of UtM and UtLM cells). Inhibition of miR-21 in UtM cells increased
expression of the 51 kDa PDCD-4 isoform 2.5-fold (Figure 2A), whereas inhibition of
miR-21 in UtLM cells increased the expression of the 51 kDa PDCD-4 isoform only 1.5-
fold (Figure 2B). While loss of miR-21 action following LNA-miR-21 treatment impacted
PDCD-4 protein synthesis, we observed no effect on PDCD-4 mRNA expression in either
UtM or UtLM cells (Supplementary Figure 2B). Consistent with miR-21's anti-apoptotic
activity, inhibition of miR-21 activity increased the level of cleaved caspase-3, a marker of
apoptosis in both UtM and UtLM cells (Figure 3A and B). In addition to its effects on
PDCD-4 and apoptosis, we also examined whether miR-21 could affect global protein
translation by measuring a key regulatory step, the phosphorylation of elongation factor-2
(EF2), a protein critical for protein translation (21). Increased levels of phosphorylated EF-2
in myometrial cells compared to the leiomyoma cells (Figure 4A) would be consistent with
greater overall protein expression by the leiomyoma cells. Inhibition of miR-21 in UtM and
UtLM cell lines caused a 6-fold and 3-fold induction of phosphorylated EF-2, respectively,
indicating that miR-21 expression can positively affect translation in both cell lines (Figure
4B).

Discussion

As part of our examination of miR-21's role in uterine fibroid pathophysiology, we
uncovered that PDCD-4, a potential target of miR-21, exhibited a dramatic increase in
protein expression in leiomyoma tissues compared to autologous myometrial tissues, with
no corresponding change in mRNA levels. Our results also revealed that the pattern of
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PDCD-4 expression, as well as that of miR-21 were preserved in immortalized myometrial
and leiomyoma cells, enabling us to investigate miR-21's potential role in regulating
PDCD-4 protein levels. Using these cells we demonstrated that miR-21 down regulates
PDCD-4 protein expression. However, this is likely a minor effect because even though
levels of miR-21 were elevated in leiomyoma tissues (our findings and others 9-11), the
expression of PDCD-4 protein in leiomyomas was increased as well. We further
demonstrated that miR-21 is able to exert independent effects in myometrial/leiomyoma
cells (i.e., increased cell growth and blockade of apoptosis) that are consistent with the
pathophysiology of this disease.

Loss of PDCD-4 is associated with tumor progression and PDCD-4 reintroduction into cells
can block neoplastic growth (22). Based on these studies we were surprised to detect
increased expression of PDCD-4 protein in leiomyoma tissues in our study, particularly,
because we expected the elevated levels of miR-21 to decrease protein levels by blocking
mMRNA translation. Recent studies indicate that PDCD-4 exhibits decreased expression in
metastatic tumors in humans and mice and that restoring expression blocks the metastatic
(invasive) potential of tumor cells (13, 22). Thus, our unexpected finding of highly elevated
PDCD-4 protein in leiomyomas raises the possibility that its role in these benign tumors
may be to prevent malignant progression. Perhaps loss of PDCD-4 may occur in
metastasizing leiomyomas or in leiomyosarcomas. What drives the increased PDCD-4
protein expression in leiomyomas remains unknown. While our study indicated that this was
not likely a transcriptional response (i.e., equivalent PDCD-4 mRNA in leiomyoma and
myometrial tissues), a large expression analysis study (23) of paired human uterine
leiomyoma and myometrial tissue was able to show a slight 1.32-fold (P<0.05) increase in
PDCD-4 mRNA levels in leiomyoma over myometrial tissues (GSE13319). This slight
increase in PDCD-4 mRNA expression, however, does not explain the marked differences in
protein levels we observed.

Functional studies of the 51 kDa PDCD-4 have revealed that it can inhibit cap dependent
translation as well as regulate RNA metabolism (24). We were unable to find reported
evidence of the low molecular weight band observed in myometrial tissues in any other
tissues. We also observed that leiomyoma tissue and immortalized-leiomyoma cells
exhibited the presence of numerous immunoreactive bands below the full length 51 kDA
isoform. These may be the result of alternative splicing or proteasomal degradation in
leiomyoma tissues. Recently, Schmid et al., (25) proposed that proteosomal degradation of
PDCD-4 requiring activation of the mTOR pathway is involved in inflammation-mediated
tumor progression. The exact nature of these immunoreactive products (alternative spliced
protein, degradation product) remains to be determined, yet our simple RT-PCR analysis
was unable to detect different mMRNA isoforms. Determination of the PDCD-4 isoform
composition within biopsies may have clinical value for characterization of the metastatic
potential of leiomyomas.

The combined differential expression of miR-21 and PDCD-4 protein in the UtLM
(leiomyoma) cells compared to UtM (myometrial) cells in a manner consistent with the
expression in autologous pairs of primary tissues indicates that these cell lines are a useful
model system for studying miR-21 and PDCD-4 expression and their potential interactions.
Previous investigations have revealed that miR-21 post-transcriptionally regulates PDCD-4
in a number of cancer cell lines, including MCF-7, Colo206f and MDA-MB-231 (26-28).
Inhibition of miR-21 in both UtLM and UtM cells increased expression of the 51 kDa
isoform of PDCD-4 protein, while having no effect on the lower immunoreactive molecular
weight band. The lack of change in PDCD-4 mRNA levels indicates that miR-21 post-
transcriptionally regulates PDCD-4 primarily through a block of translation and not mMRNA
degradation. The PDCD-4 mRNA results of our study, contrast those of Pan et al (17), who
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showed that inhibition and overexpression of miR-21 in several uterine smooth muscle cell
lines could impact PDCD-4 mRNA levels. Possible differences in experimental systems
(i.e., cell lines or type of inhibitors used) may account for these differences, yet our results
from the UtM-immortalized cells are consistent with our tissue-derived data. Inhibition of
miR-21 resulted in reduced induction of PDCD-4 protein in UtLM cells compared to UtM
cells, possibly due to the higher initial basal levels of PDCD-4 in UtLM cells or because
miR-21 levels may have less regulatory impact in UtM cells. The higher basal expression
levels of miR-21 in UtLM cells may also explain why inhibition of PDCD-4 with a fixed
amount (albeit a saturating amount) of the blocking LNA-miR-21 was less effective. Thus,
while showing for the first time that miR-21 can modulate PDCD-4 protein levels in
leiomyoma cells in culture, our experiments suggest that miR-21 is in of itself, not a potent
regulator of PDCD-4 expression in leiomyoma tissues as the levels of PDCD-4 should have
decreased in leiomyoma tissues rather than increased.

Earlier array studies revealed that miR-21 has higher expression levels in leiomyomas when
compared to normal myometrium (9-11). Our study supports these previous observations,
although the 3.9-fold induction we observed only trended toward significance (P=0.08). This
discrepancy could be a result of our smaller sample sizes (n=12) compared to the larger
sample sizes (n>50) used in previous studies where miR-21 was identified as upregulated.
Significantly, the higher expression of miR-21 in leiomyoma tissues was consistent with the
findings of in vitro cell culture results that showed elevated miR-21 expression levels in
UtLM cells. This increased level of expression of miR-21 in leiomyoma tissues may provide
limited regulatory control of PDCD-4 expression in vivo as compared to the greater
regulation seen in our in vitro results. Since miR-21 overexpression in leiomyoma tissues
and immortalized leiomyoma cells did not have a major impact on PDCD-4 expression, we
also examined whether it might be influencing other cellular processes that had previously
been reported (29-31). Studies have shown increased expression of Bcl-2, a cell survival
gene, and TNFa, a gene known to induce apoptosis in leiomyomas compared to normal
myometrium (32). Wu et al., found that there was no difference between the apoptotic index
of leiomyoma and myometrial tissues (33), suggesting that Bcl-2, TNFa as well as other
yet-to-be identified proteins (factors) are functioning to maintain homeostatic relationship in
leiomyoma tissues. Our study sought to determine whether miR-21, an oncomir known to
inhibit apoptosis, might play a role in regulation of apoptosis in UtLM and/or UtM cells.
Knockdown of miR-21 caused a robust increase in cleavage of caspase 3, a marker for
programmed cell death, in both cell lines. This finding indicates that elevated levels of
miR-21 may act to prevent programmed cell death in rapidly growing leiomyomas. It is
possible that miR-21 contributes to this apoptotic homeostatic balance through indirect
regulation of Bcl-2 and/or TNFa.. Further studies are needed to determine if these genes may
be direct or indirect targets of miR-21, or whether miR-21 impacts other apoptotic genes.

Previous investigations have also shown increased PCNA and Ki67 staining in leiomyomas
over that of normal myometrium, indicating that leiomyoma is a more highly proliferative
tissue (33-35). Studies have also implicated the involvement of the mTOR pathway in the
development of leiomyomas. Makker et al., (36) showed that mTOR signaling is increased
in leiomyomas, while Yin et al. (37), revealed that estrogen requires mTOR to drive G1 cell
cycle progression in leiomyomas. Elongation factor 2 (EF2), a gene that functions in protein
synthesis and a downstream mediator of the mTOR pathway, is involved in control of global
translation. In its un-phosphorylated form, EF2 is able to bind to the ribosome and
translocate the mMRNA-tRNA complex from the A site to the P site, and thus promote
translation (24, 38). Our study revealed that inhibition of miR-21 in both UtLM and UtM
cells increased phosphorylation levels of EF2, supporting the hypothesis that basal levels of
miR-21 in both cell lines are critical for maintaining EF2 in its un-phosphorylated state
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thereby allowing increased translation. These findings indicate that miR-21 may promote
cell proliferation/growth through regulation of upstream mediators of EF2 phosphorylation.

Overall, the findings from our studies indicate that PDCD-4 exhibits a unique expression
profile ,with almost complete absence of the full length PDCD-4 protein in normal
myometrium, combined with unexpected, high overexpression in leiomyomas. This would
suggest that PDCD-4 does not act as a typical tumor suppressor gene in leiomyomas as has
been shown for several malignant tumors. Future studies, examining the role that steroids
and other key regulatory molecules play in the regulation of PDCD-4 expression may prove
to be highly informative. Additionally, a possible beneficial role in maintaining leiomyomas
as benign non-metastatic tumors can be envisioned based on previous studies. Our studies
also demonstrated that while the elevated levels of miR-21 found in leiomyoma tissues had a
limited effect on PDCD-4 expression; it may yet play key roles in promoting translation to
stimulate growth of the leiomyoma cells. Lastly, the similar patterns of expression of
miR-21 and PDCD-4 between the immortalized cell lines and in vivo tissues, supports the
concept that UtLM and UtM cells are useful model systems for studying miR-21 and
PDCD-4 function and regulation.

Supplementary Material

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

Differential expression of PDCD-4 and miR-21 in leiomyoma and myometrial tissues and
immortalized cell lines, UtLM (leiomyoma) and UtM (myometrial). A) Western analysis of
PDCD-4 isoforms in 3 representative paired leiomyoma and normal myometrial samples of
a total of 11 examined are shown. B) Western analysis of PDCD-4 isoforms in UtLM and
UtM cell lines. *Means = SEM (n=3) for the 51 kDa band between cells types are different
(P<0.05). C) qRT-PCR analysis of miR-21 and PDCD-4 mRNA levels in UtLM and UtM
cell lines. *Means = SEM (n=3) are different (P<0.05) between UtLM cells and UtM cells.
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Figure2.

miR-21 regulation of PDCD-4 in UtM and UtLM cells. Locked nucleic acid (LNA)
oligonucleotides complementary to miR-21 (LNA-miR-21) or a scrambled (LNA-scr)
control were transfected into UtM cells (A) or UtLM cells (B). *Means £ SEM (n=3)
PDCD-4 (51 kDa isoform) levels normalized to actin are different (P<0.05) between LNA-
scramble and LNA-miR-21 treated cells.
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Figure 3.

Knockdown of miR-21 in UtM and UtLM cells increases cleaved caspase-3. Locked nucleic
acid (LNA) oligonucleotides complementary to miR-21 (LNA-miR-21) or a scrambled
(LNA-scramble) control were transfected into UtM cells (A) or UtLM cells (B). Western
analysis showed a significant induction of cleaved caspase-3 in the LNA-miR-21 treated
UtM and UtLM cells across 3 independent experiments.
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Expression of phosphorylated EF-2 in UtM and UtLM cells following knockdown of
miR-21. A) Basal ph-EF2 expression levels in UtM cells and UtLM cells. *Means = SEM
(n=3) ph-EF2 levels normalized to actin are different (P<0.05). B) Locked nucleic acid
(LNA) oligonucleotides complementary to miR-21 (LNA-miR-21) or a scrambled (LNA-
scr) control were transfected into UtM cells or UtLM cells. *Means + SEM (n=3) ph-EF2
levels normalized to actin are different (P<0.05) between LNA-scramble and LNA-miR-21

treated cells.
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