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Pathologic c-Myc expression is frequently detected in human cancers, including Merkel cell carcinoma (MCC), an
aggressive skin cancer with no cure for metastatic disease. Bromodomain protein 4 (BRD4) regulates gene transcription
by binding to acetylated histone H3 lysine 27 (H3K27Ac) on the chromatin. Super-enhancers of transcription are
identified by enrichment of H3K27Ac. BET inhibitor JQ1 disrupts BRD4 association with super-enhancers, downregulates
proto-oncogenes, such as c-Myc, and displays antitumor activity in preclinical animal models of human cancers. Here
we show that an enhancer proximal to the c-Myc promoter is enriched in H3K27Ac and associated with high occupancy
of BRD4, and coincides with a putative c-Myc super-enhancer in MCC cells. This observation is mirrored in tumors from
MCC patients. Importantly, depleted BRD4 occupancy at the putative c-Myc super-enhancer region by JQ1 correlates
with decreased c-Myc expression. Thus, our study provides initial evidence that super-enhancers regulate c-Myc

expression in MCC.

Introduction

Merkel cell carcinoma (MCC) is a rare but aggressive skin
cancer with a rising incidence.' Although MCC is less common
than cutaneous melanoma, its disease-associated mortality rate is
higher than that of melanoma. The standard treatment is surgery
with or without adjuvant radiation.” Nevertheless, no targeted
therapy exists for metastatic diseases.” Thus, it is imperative to
understand the underlying molecular events and find a cure for
this devastating cancer.

Intense mutational analysis reveals no significant contribution
of major signaling pathways to MCC pathogenesis. Studies have
eventuated the discovery of Merkel cell polyomavirus (MCV);
however, the pathogenic role of MCV remains uncertain.’
Although multiple microarray studies have provided insights into
MCC pathogenesis, molecular events essential to MCC patho-
genesis are largely unknown.*® Though the principal tenet in
cancer is that tumor is inidated and driven by mutations, it is

now clear that epigenetic pathways also play a significant role in
oncogenesis. Moreover, diverse gene mutations generally con-
verge functionally to deregulate similar core cellular process,
which can be targeted by approaching epigenetic vulnerabilities.
Bromodomains (BRDs) are protein domains involved in acet-
ylation-dependent assembly of transcriptional regulator com-
plexes. BRD4, along with BRD2, BRD3, and testes/oocyte-
specific BRDT, constitute the bromodomain and extra-terminal
(BET) domain family of proteins in mammals.” Participation of
bromodomains in oncogenic rearrangement is exemplified in
NUT midline carcinoma (NMC). Moreover, an oncogenic
BRD4-NUT fusion gene driven by BRD4 promoter is found in
NMC and other types of human cancers.® Furthermore, inhibi-
tion of BET bromodomain by small-molecule compounds with
high potency against BET proteins, such as JQ1, results in signif-
icant downregulation of c-Myc as well as other transcription fac-
tors, and display antitumor activity in a variety of preclinical
animal models of human cancers.””'? Importantly, these studies
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have established the feasibility of BET inhibition within an
acceptable therapeutic window of tolerability. As a result, similar
small molecules are currently in Phase I clinical trial for haemato-
poietic malignancies and advanced solid tumors (ClinicalTrials.
gov Identifier NCT01587703, NCT01713582, NCT01949883,
NCT01987362, and NCT01943851).

Enhancers are DNA regulatory elements and are key regulators
of tissue-specific gene transcription. Accordingly, super-enhancers
are larger clusters of transcriptional enhancers with high levels of
several different histone acetylation marks, especially H2K27Ac."?
Similar to other bromodomain proteins, such as BRD2 and
BRD3, BRD4 has also been shown to associate with chromatin
via interaction with different histone acetylation marks, such as
H4KS, H4K8, H4K12, H3K9, H3K14, H4K16, and H3K27."*
7 Of these, BRD4 bound H3K27Ac sites have been associated
with very high gene activity.'® Emerging data links disruption of
super-enhancers with inhibitory oncogene transcription that often
exhibits high levels of BRD4 occupancy at nearby enhancer/
super-enhancer regions, such as ¢-Myc in haematopoietic malig-
nancies.'” Interestingly, we and another group have found that
pathologic c-Myc amplification is common in MCC.'®"? More-
over, we have also shown that JQ1 represses tumor growth in
xenograft MCC mouse models, suggesting an epigenetic mecha-
nism in regulating key oncogene expressions in MCC.'® In this
study, we sought to investigate the potendal role of super-
enhancers in regulating c-Myc overexpression in MCC. Taking
advantage of chromatin immunoprecipitation coupled with real-
time or quantitative PCR (ChIP-qPCR), we examined the
co-occupancy of H3K27Ac and BRD4 at the putative c-Myc
super-enhancer in MCC. We have demonstrated relative high
co-occupancies of H3K27Ac and BRD4 in a putative -Myc
super-enhancer region in MCC cells with pathologic c-Myc
amplification, and further confirmed our finding in tumor sam-
ples from MCC patients. Next, we have shown that the disruption
of BRD4 at the putative ¢-Myc super-enhancer region correlates
with suppressed c-Myc expression and repressed tumor growth in
JQI treated xenograft tumors. Thus, our study has provided initial
evidence of super-enhancer as a regulatory mechanism in c-Myc
expression in MCC.

Results and Discussion

c-Myc overexpressing MCC cells show high occupancy
of H3K27Ac and BRD4 in a putative c-Myc
super-enhancer region

While there is an increasing appreciation of the contribution
of epigenetic pathways in oncogenesis, limited parallel studies
have been conducted in MCC. We have previously shown that
c-Myc overexpression is common in MCC.'® Here, we wanted
to investigate the mechanism involved in regulating c-Myc
expression in MCC. At first, we assessed the relative protein
and mRNA levels of ¢-Myc in 4 primary human MCC cell
lines. MCC-3 and MCC-5 were established in our laboratory.*
MKL-1 and MKL-2 were a gift from Dr. Becker (University of
Graz, Austria).?! All four MCC cell lines grew in suspension in

www.tandfonline.com

culture and expressed characteristic markers of MCC as
described previously.'® Both immunoblotting and quantitative
reverse transcription PCR (qRT-PCR) demonstrated a signifi-
cantly higher expression of c-Myc in MCC-3 and MCC-5 cells
as compared to that in MKL-1 and MKL-2 cells (Figs. 1A and
B). The putative super-enhancer (reported in Materials and
Methods) was identified as a region proximal to the ¢-Myc pro-
moter with high levels of H3K27Ac and low levels of
H3K4me3 (characteristic features of super—enhancers)13 in 7
human cancer cell lines (GM12878, HI1-hESC, HSMM,
HUVEC, K562, NHEK, NHLF) reported by The Encyclope-
dia of DNA Elements (ENCODE) project in the UCSC
genome browser [Human Feb. 2009 (GRCh37/hgl9) Assem-
bly*’]. Consistently, the putative super-enhancer region
(Chr8:128,700,000-129,000,000) is also located in close prox-
imity to c-Mpyc super-enhancers identified in other cancers like
glioblastoma, breast, prostate, and pancreatic cancer (Supple-
mentary Fig. 1)."” Control regions were chosen as 5000 base
pair (bp) upstream and downstream of the putative ¢-Myc
super-enhancer region. It has been shown that super-enhancers
are correlated with higher levels of occupancy of both
H3K27Ac and BRD4.'? Therefore, we performed ChIP using
antibodies against H3K27Ac followed by qPCR using primers
targeting the putative super-enhancer region of ¢-Mye, to deter-
mine the relative enrichment of H3K27Ac in 4 MCC cell lines
(Fig. 1C). A relatively high level of H3K27Ac was detected at
the region proximal to the c-Myc promoter in c-Myc overex-
pressing MCC-3 and MCC-5 cells, indicating that the region
harbored a putative super-enhancer of ¢-Myc in MCC cells.
Next, to determine the co-occupancy of BRD4 at that region, a
ChIP was performed using antibody against BRD4 followed by
qPCR using primers targeting the putative super-enhancer
region in all MCC cell lines. As shown in Figure 1D, a signifi-
cantly higher occupancy of BRD4 was detected at the putative
super-enhancer region in both MCC-3 and MCC-5 cell lines
with pathologic c-Myc amplification, as compared to MKL-1
and MKL-2 cell lines with basal c-Myc expression. BRD4 levels
from total MCC cell lysates were similar in all MCC cell lines
tested (Fig. 1A), suggesting that the higher c-Myc expression is
not due to a global increase in the level of the transcriptional
activator BRD4 but rather specific enrichment at the -Myc
putative super-enhancer region. This indicates that this putative
super-enhancer may play a role in regulating c-Myc expression
via providing more docking sites for BRD4 and further recruit-
ing other transcriptional activators, which ultimately leads to
higher c-Myc expression.

To validate our finding, we analyzed fresh tumors from MCC
patients. Based on our previous findings, we have selected a total
of 5 human MCC tumors in which c-Myc expression was exam-
ined by immunoblotting using an antibody against c-Myc.'®
Three tumors (tumors #11, #12 and #16) overexpressed c-Myc,
whereas 2 tumors (tumor #10 and #15) had basal c-Myc expres-
sion.'"® We analyzed these 5 tumors for relative enrichment of
H3K27Ac and BRD4 at the putative ¢-Myc super-enhancer
region. As shown in Figure 2, MCC tumors with c-Myc overex-
pression showed a greater H3K27Ac level coupled with a higher
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enhancer region. (A) Immunoblotting demonstrates c-Myc overexpression in MCC-3 and MCC-5 cells, and similar
BRD4 levels in all MCC cells. Tubulin and GAPDH have been used as loading control for immunoblotting. In the c-Myc
immunoblot, the black dividing line separates images grouped from different parts of the same blot. (B) gRT-PCR
analysis shows elevated levels of c-Myc transcription in MCC-3 and MCC-5 cells. The mRNA expression of c-Myc has
been normalized to that of MRPS2. (*** P < 0.001) indicates significantly higher levels of c-Myc transcripts. (C-D) Chro-
matin immunoprecipitation performed in MCC cell lines followed by gqPCR analysis using primers of putative c-Myc
super-enhancer regions demonstrates a higher co-occupancy of H3K27Ac and BRD4 at the c-Myc putative super-
enhancer region. In the graphs, relative enrichment represents average fold enrichment of the target promoter in
immunoprecipitation (IP) vs. input, normalized to B-actin. The total histone H3 ChIP signal has been used to normal-
ize H3K27Ac ChlP signal. Regions of 5000 base pairs (bp) upstream and downstream to the target sequence were
used as controls to ensure that the enrichment is specific to the target sequence. (***P < 0.001) indicates significant
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treatment was initiated
Figure 1. Myc over-expressing cell lines exhibit enrichment of H3K27Ac and BRD4 at the c-Myc putative super- with intraperitoneal

administration of 50 mg/
kg/day JQI or vehicle for a
3-week duration, respec-
tively. NSG mice treated
with JQ1 had no obvious
signs of toxicity (based on
body weight, food and
water intake, activity, and
general exam). Mice bear-

BRD4 enrichment at the putative c-Myc super-enhancer region,
reinforcing our hypothesis that super-enhancers serve as a poten-
tial mechanism in regulating c-Myc expression in MCC.

Disruption of BRD4 at the putative c-Myc super-enhancer
region by BET inhibitor JQ1 correlates with decreased c-Myc
expression in MCC-3 xenograft tumors

The pleiotropic effects of targeting epigenetic writers (DNA
methyltransferase) and epigenetic erasers (histone deacetylase
inhibitors) have hampered their broader application in oncology.
The recently developed bromodomain BET inhibitors, such as
JQI, that target the protein-protein interaction modules of
enhancer/super-enhancers, have provided more effective epige-
netic approaches to cancer treatment. Using a xenograft MCC
mouse model, we have previously demonstrated that JQ1 inhibits
tumor growth.'® Moreover, greater inhibition of tumor growth
following JQ1 treatment was found in MCC tumors with c-Myc
overexpression, such as in xenograft tumors derived form MCC-
3 cells."® To investigate whether the JQ1-mediated tumor repres-
sion occurs via disruption of BRD4 at the putative c-Mpyc super-
enhancer region, we used 2 xenograft mouse models. The MCC-
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enrichment in MCC-3 and MCC-5 cells. In all the graphs, data is presented as mean =+ SEM of 3 independent experi- ing MKL-1 xenograft
ments, where SEM is standard error mean represented by the error bar. tumors were sacrificed after
completion of  21-day

treatment. JQ1 induced a
48.9% reduction in MKL-1 xenograft tumors as compared to a
75.6% reduction in MCC-3 tumors, suggesting that JQ1 exerted
a greater antitumor effect in MCC-3 xenografts with c-Myc over-
expression relative to control MKL-1 xenografts with basal c-Myc
expression (Fig. 3A). Moreover, JQ1 decreased c-Myc expression
in MCC-3 xenograft tumors, as detected by immunoblotting
and qRT-PCR (Figs. 3B and C). Very low c-Myc expression was
detected in control MKL-1 xenografts (Figs. 3B and C), consis-
tent with our observation in MKL-1 cell line (Figs. 1A and B).
Sustained BRD4 and H3K27Ac levels were found in MCC-3
xenograft tumor lysates between the treatment and control
groups, suggesting that c-Myc inhibition by JQ1 has no effect on
overall BRD4 and H3K27Ac levels (Fig. 3B). Importantly, JQ1
treatment selectively depleted BRD4 enrichment at the ¢-Myc
putative super-enhancer region in MCC-3 xenograft (Fig. 3D).
As this is accompanied by suppressed MCC-3 xenograft tumor
growth (Fig. 3A) and decreased c-Myc expression (Figs. 3B and
C), taken together, we have provided the initial evidence that
super-enhancers play a potential role in regulating c-Myc expres-
sion in MCC. Next, we silenced BRD4 expression by introduc-
tion of BRD4 shRNA into MCC-3 cells, as described
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Figure 2. Human MCC tumors with c-Myc overexpression are associated with high levels of H3K27Ac and BRD4 occupancy at the c-Myc putative super-
enhancer region. (A-B) ChIP-gPCR reveals that MCC tumors with c-Myc overexpression (Tumor #11, #12 and #16) show higher co-occupancy of H3K27Ac
and BRD4 at the putative c-Myc super-enhancer region as compared to tumors with basal c-Myc expression (Tumor #10 and #15). Regions of 5000 base
pairs (bp) upstream and downstream to the target sequence were used as controls to ensure that the enrichment is specific to the target sequence. Rela-
tive enrichment is the average fold enrichment of the target promoter in IP vs. input, normalized to B-actin. ChIP signal for H3K27Ac is normalized to
total H3. Data is presented as mean =+ SEM, where SEM is standard error mean of triplicate analysis represented by the error bar.

previously.'® MCC-3 cells transduced with scramble shRNA
served as control. More than 40% reduction of BRD4 was
observed in MCC-3 knockdown cells by qPCR (Supplementary
Fig. 2A). By ChIP-qPCR, impaired BRD4 recruitment was
found in putative super-enhancer region in BRD4 knockdown
MCC-3 cells as compared to that in the control (Supplementary
Fig. 2B).

In this study, we have demonstrated enrichment of BRD4 and
H3K27Ac at a putative c-Myc super-enhancer region in both
MCC-3 and MCC-5 cells exhibiting pathologic c-Myc amplifi-
cation. Similar observations were made in c-Myc over-expressing
tumors from MCC patients. Taking advantage of our xenograft
MCC mouse models, we have shown that disruption of BRD4
by JQI at the putative c-Mpyc super-enhancer region correlates
with decreased c-Myc expression and suppressed MCC-3 xeno-
graft tumor growth. Our work adds MCC to the emerging
themes in the complex picture of ¢-Myc regulation by enhancers/
super-enhancers.

Elucidating functional importance of super-enhancers is an
area of ongoing research that continues to enhance our under-
standing of the molecular pathogenesis of cancer. Super-
enhancers not only regulate the expression of critical genes in
certain human cancers, but also control cell identity, such as
in embryonic stem cell.'*** Moreover, super-enhancers are
tumor type specific.'® Furthermore, DNA translocation, tran-
scription factor overexpression, and focal amplification occur
frequently in cancer, and these mechanisms can account for
A

recent study has shown that an oncogenic super-enhancer

the ability of cancer cells to acquire super—enhancers.14

forms through somatic mutation in a noncoding intergenic
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region and contributes to tumorigenesis in a subset of T cell
acute lymphoblastic leukemia.?* Additionally, enhancer activ-
ity has been linked to resistance to Notch inhibitor in T-cell
leukemia.”> Finally, emerging data suggests enhancer RNAs
play a role in regulation of gene expression.”**® Further char-
acterization of the endogenous super-enhancers by ChIP-seq
will identify potential key genes that control Merkel cell state,
key oncogenes/tumor suppressor genes that function in the
acquisition of hallmark capabilities in MCC tumorigenesis,
and biomarkers to direct the treatment.

Materials and Methods

Cell culture

MCC cell lines MCC-3 and MCC-5 have been established in
our laboratory and are derived from the lymph node metastases
of MCC patients, in accordance with University of Arkansas for
Medical Sciences (UAMS) Institutional Review Board (IRB)
approvals for human study protocol.”> MKL-1 and MKL-2 cell
lines are gifts from DR Becker (University of Graz, Austria). All
the MCC cells were cultured with RPMI-1640 medium supple-
mented with 10% fetal bovine serum (FBS) and 10% penicillin-
streptomycin-L-glutamine and incubated at 37°C in a humidi-
fied incubator with 5% CO2. Fresh medium was added every
other day.

Lentiviral transduction
Lentivector directing expression of shRNA specific to BRD4
(TRCN0000318771) was purchased from Sigma-Aldrich
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Figure 3. BET inhibitor JQ1 depletes BRD4 enrichment at the c-Myc putative super-enhancer region in MCC-3 xeno-
graft tumors. (A) Significant suppression of tumor growth are detected in both MCC-3 (**P < 0.01) and MKL-1 (*P <
0.1) xenograft tumors. A greater reduction of tumor growth is observed in MCC-3 xenograft tumors with c-Myc over-
expression (75.6% vs. 48.9%). Data is presented as final tumor volume =+ SEM from tumor bearing NSG mice treated
with vehicle or JQ1. (B-C) JQ1 significantly reduced c-Myc expression in MCC-3 xenograft tumors as demonstrated by
representative immunoblotting (B) and gRT-PCR analysis (C) (**P < 0.01 vs. vehicle treatment) of 3 biological repli-
cates. In the c-Myc immunoblot, the black dividing line separates images grouped from different parts of the same
blot. The c-Myc mRNA expression has been normalized to that of MRPS2. (D) JQ1 depletes BRD4 occupancy at the
putative c-Myc super-enhancer regions in MCC-3 xenograft tumors by ChIP-qPCR analysis (***P < 0.001 vs. vehicle
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versity of Arkansas for
Medical Sciences (UAMS)
Institutional Animal Care
and Use Committee. In
accordance with institu-
tional guidelines on ani-
mal care, experimental
endpoints deter-
mined by one of the fol-
lowing: (1) completion of

twenty-one day treatment

were

course, or (2) attainment

(#SHCLNG). The non-targeting PLKO.1 scramble shRNA
(plasmid 1864) was purchased from Addgene. The lentiviral
transduction was performed as described previously.'® Briefly, to
generate recombinant lenti-viruses, 293T/17 cells were co-trans-
fected with gene transfer vectors and virus packaging vectors,
AH8.2 and VSVG using TransIT-LT1 transfection reagent.
Virus supernatants were collected 48 h after transfection. MCC
cell lines were transduced with virus supernatant for 48 h in
fibronectin-coated 6-well plates in the presence of 8 jg/ml poly-
brene after spinocculation at 800 g, 32°C for 30 min.

Xenograft studies

MKL-1 xenograft mouse models were generated as described
previously.'® Briefly, tumor-bearing NSG mice (The Jackson
Laboratory, strain #5557) were randomized into treatment and
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of tumor burden exceed-

ing 2 cm in any dimen-
sion, or (3) further complications affecting animal welfare. Upon
reaching experimental endpoints, mice were humanely eutha-
nized, and tumors were excised and dissected for characterization
and mechanistic studies.

Immunoblotting

Whole cell protein lysates were prepared from cultured cells
and resolved by SDS-PAGE. Proteins were transferred onto
Immobilon polyvinylidene difluoride (PVDF) membrane (EMD
Millipore, #IPVHO00010), pre-soaked in methanol, by electro-
blotting at 200V for 2 h at room temperature. Membrane was
blocked in 5% milk (1X TBST) for 1 h at room temperature.
Membrane was then incubated with primary antibody in 5%
milk overnight at 4°C, and finally probed with secondary anti-
body in 5% milk for 1 h at room temperature. Detection was

Volume 10 Issue 6



performed using Western Lightning Plus ECL enhanced chemi-
luminescent substrate (Perkin-Elmer Inc., #NEL103001EA)
according to manufacturer’s instructions. For probing, the fol-
lowing antibodies were used: anti-GAPDH (Cell signaling
Technology, #5174), anti-c-Myc (Cell signaling Technology,
#9402), anti-tubulin (Sigma, #19026), anti-BRD4 (Cell sig-
naling Technology, #13440), anti-Histone H3 (Abcam,
#ab1791), anti-Histone H3K27Ac (Abcam, #ab4729), ECL
Rabbit IgG, HRP-linked (GE Healthcare Life Sciences,
#NA934V), goat anti-mouse IgG-HRP (Santa Cruz biotech-
nology, #sc-2005). Images were obtained using ImageQuant
LAS 4000 imager (GE Healthcare, Pittsburgh, PA). The
images were obtained as tiff files.

Gene expression analysis

Total RNA was isolated from all 4 MCC cell lines and xeno-
grafts MCC tumors derived form MCC-3 and MKL-1 with a
RNeasy kit (Qiagen, #74104). cDNA was generated from
mRNA using a Reverse Transcription Kit (Applied Biosystems,
#4368814). Quantitative reverse transcription PCR (qRT-PCR)
was performed with a StepOne Plus Real-Time PCR System
(Applied Biosystems, Foster City, CA). The following TagMan
Gene Expression Assays primers were used: Hs00905030_m1 (c-
Myc) and Hs00211334_m1 (MRPS2). Triplicate runs of each
sample were normalized to MRPS2 mRNA to determine relative
expression.

Chromatin immunoprecipitation

Chromatin immunoprecipitation (ChIP) experiment was
performed in cells, frozen xenograft tumors, and frozen
MCC patient tumors. All of these were cross-linked using
1% formaldehyde for 10 min followed by quenching with
0.125 M glycine for 5 min. Cross-linked cells were lysed
using lysis buffer (50 mM Hepes pH 7.5, 140 mM NaCl,
1 mM EDTA, 1% triton X-100, 0.1% sodium deoxycholate,
1 tablet of Roche protease inhibitor per 10 mL lysis buffer).
The whole cell lysates were sonicated for 30 min on max set-
ting using a BioruptorTM UCD-200 (Diagenode, Denville,
NJ). Sonicated lysates were then centrifuged at 2500 g for
10 min, and the supernatant was used to perform ChIP using
M280 sheep anti-rabbit IgG Dynabeads® (Life Technologies,
#11203D), according to manufacturer’s instructions. The
ChIP antibodies used were BRD4 antibody (Cell Signaling
Technology, #13440) and H3 (Abcam, #abl1791) and
H3K27Ac antibodies (Abcam, #ab4729). For quantification
of enrichment of BRD4 and H3K27Ac (normalized to his-
tone H3) at specific promoter regions, qPCR was performed
using a reaction mixture containing 1X SsoAdvanced SYBR
Green Supermix (Bio-Rad, #172-5270), primers (0.33 nM)
and DNA (100ng). The cyclic conditions used were 95°C for
2 min, followed by 45 cycles at 95°C for 15 s and 50°C for
20 s. Fold changes were determined using a MiniOpticon
real-time PCR detection system (Bio-Rad, Hercules, CA).
Following primers were ordered from Integrated DNA Tech-
nologies (IDT) and used for real-time analysis:

www.tandfonline.com

For targeting putative ¢-Myc super-enhancer region,

c-Myc forward (5'- GGACCCGCTTCTCTGAAAGG-3),

and

c-Myc reverse (5-GCAAGTGGACTTCGGTGCTTACC-
3/))

For targeting a control region 5000 bp upstream of c-Myc
super-enhancer region,

control 5000 bp upstream  forward (5-CAGAAGG-
CAACTTCCATG-3'), and
control 5000 bp upstream reverse (5'-

CCTGAAAGTGGTTCTTAATACTG-3'),

For targeting a control region 5000 bp downstream of ¢-Myc
super-enhancer region,

control 5000 bp downstream forward (5-CCATAATG-
TAAACTGCCTC-3'), and

control 5000 bp downstream reverse (5'-CAGAGAAA-
CATTGTGTAAATC-3').

Following primer set was used for normalization:
B-actin forward (5'-CTTGGCATCCACGAAACTA-3'), and
B-actin reverse (5 GAGCCAGAGCAGTGATCTCC-3).

The use of patient tumors in the study was approved by the
Institutional Review Board (IRB) of University of Arkansas for
Medical Sciences (UAMS) and informed consent was obtained
from each patient before inclusion in the study.

Statistical analysis

For in vivo studies, all values are represented as mean =+ stan-
dard error mean (SEM). Statistical analysis was performed using
Mann-Whitney t-test and *P-value < 0.05 was considered statis-
tically significant. For in vitro studies, all the experiments were
performed in biological as well as technical triplicates. All values
in the graphs represent mean = SEM by student t-test.
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