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In Caenorhabditis elegans, motorneuron apoptosis is regulated via a ces-2–ces-1–egl-1 pathway. We tested
whether human CEM lymphoblastic leukemia cells undergo apoptosis via an analogous pathway. We
have previously shown that E4BP4, a ces-2 ortholog, mediates glucocorticoid (GC)-dependent upregula-
tion of BIM, an egl-1 ortholog, in GC-sensitive CEM C7-14 cells and in CEM C1-15mE#3 cells, which are
sensitized to GCs by ectopic expression of E4BP4. In the present study, we demonstrate that the human
ces-1 orthologs, SLUG and SNAIL, are not significantly repressed in correlation with E4BP4 expression.
Expression of E4BP4 homologs, the PAR family genes, especially HLF, encoding a known anti-apoptotic
factor, was inverse to that of E4BP4 and BIM. Expression of pro- and anti-apoptotic genes in CEM cells
was analyzed via an apoptosis PCR Array. We identified BIRC3 and BIM as genes whose expression paral-
leled that of E4BP4, while FASLG, TRAF4, BCL2A1, BCL2L1, BCL2L2 and CD40LG as genes whose expression
was opposite to that of E4BP4.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Glucocorticoids (GCs) are used widely in chemotherapy either
as a primary cytotoxic drug targeting cancer cells (as in acute leu-
kemia, lymphoma and multiple myeloma) or to reduce inflamma-
tion, prevent allergic reactions or reduce the side effects of
chemotherapy [1]. The pharmacological actions of GC therapy
include, among other effects, the suppression of the immune
response and shrinkage of T-lymphocyte population. Loss of T-
lymphocytes via apoptosis is a major cause of the immunosuppres-
sive actions of GCs [1], however, the mechanisms by which GCs
evoke an apoptotic response is still not clear. Relapse of leukemia
after GC therapy is often associated with development of resistant
cells that no longer respond to GC-evoked apoptosis [2]. The pri-
mary action of GCs is mediated through their interactions with
the glucocorticoid receptor (GR), a transcription factor from the
nuclear receptor family, which modulates up or downregulation
of genes containing GC responsive elements (GRE) or through
interactions with other transcription factors, coactivators and core-
pressors [2]. We have demonstrated that GR transcriptional activ-
ity correlates with susceptibility of cells to GC-evoked apoptosis.
Several laboratories have analyzed changes in gene expression pro-
files induced by GCs in an effort to identify candidate genes mod-
ulating GC-evoked apoptosis of leukemic lymphoid cells [3,4].

We have established a crucial relationship between GC-depen-
dent upregulation of E4BP4 and sensitivity to GC-evoked apoptosis
in the human leukemic CEM cell culture model [5]. E4BP4 (or
NFIL3) is a bZIP transcription factor with a role in anti-inflamma-
tory response, circadian oscillation, apoptosis regulation, and
immune cell development [6–8]. E4BP4 is an evolutionarily con-
served homolog of the pro-apoptotic Caenorhabditis elegans death
specification gene ces-2, which is known to downregulate the
downstream survival gene ces-1 to allow the upregulation of the
pro-apoptotic gene egl-1, resulting in apoptosis in neurosecretory
motor neuron cells. An analogous pathway in humans has been
speculated (Fig. 1) [9]. Human orthologs of ces-1, SLUG and SNAIL,
have pro-survival functions. Expression of SLUG is abundant in
hematopoietic stem cells (HSCs) and in undifferentiated progenitor
cells but not in pro T and pro-B cells, or beyond [10]. Both Slug and
Snail have been shown to promote tumor invasiveness, cell sur-
vival, protect from apoptosis, and induce chemoresistance
[10,11]. The role of Slug and Snail in GC-evoked lymphoid cell
apoptosis, or their regulation by E4BP4, has not yet been explored.
The human ortholog of egl-1, Bim (a BH-3 only protein from the
Bcl-2 family), an important regulator of the intrinsic pathway of
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Fig. 2. Dex-mediated upregulation of BIM and E4BP4 in sensitive CEM cells does not co
15mE#3 cells were treated with ethanol or 1 lM Dex and real-time qPCR was performed
Fold change in expression of each transcript by 1 lM Dex was calculated by the Pfa
independent experiments. Statistical significance was calculated using a paired Student’s
p-values 60.05.

Fig. 1. Conserved pathway for apoptosis: analogy between the known pathway for
apoptosis in neurosecretory motor neurons of C. elegans (left) and the hypothetical
pathway in human leukemic T cells (right). In C. elegans, ces-2 upregulates the
proapoptotic egl-1 via repression of the survival gene ces-1, to eventually activate
CED-3 and trigger apoptosis. In human leukemic T cells, upregulation of BIM and
subsequent inhibition of anti-apoptotic members of the Bcl-2 family leads to
activation of caspases. Expression of the ces-2 ortholog E4BP4 has been shown to
facilitate GC-mediated BIM upregulation, but the role of SLUG/SNAIL is not clear.
Several other proteins including p27kip1, cyclin D3, c-Myc and c-Jun have been
shown to facilitate apoptosis.
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apoptosis, has been previously shown to play a vital role in apop-
tosis in response to various stimuli [12,13], including GCs [3,14].
BIM is upregulated in GC sensitive human leukemic CEM C7-14
cells in conjunction with GC-evoked apoptosis. We have demon-
strated that ectopic E4BP4 expression restores sensitivity to
GC-evoked apoptosis in a refractory CEM sister cell line, CEM
C1-15, via restoration of BIM induction [15].

E4BP4 belongs to the PAR (Proline and Acid Rich) subfamily of
bZIP transcription factors, based on its DNA-binding specificity,
even though it lacks a PAR region (Fig. 3A) [16]. Other key mem-
bers of this subfamily include hepatic leukemia factor (HLF), thyro-
trophic embryonic factor (TEF) and albumin D-site binding protein
(DBP). E4BP4 and PAR proteins regulate transcription by binding to
an E4BP4 response element (EBPRE), which has a consensus
sequence of (G/A)T(G/T)A(C/T) GTAA (C/T) [21]. Generally, E4BP4
and other PAR proteins have temporally antiparallel expression
patterns and antagonize each other’s action, as has been exten-
sively studied in the circadian regulation of clock genes [17]. In
contrast to the apoptosis inducing action of E4BP4, TEF is reported
to have antiapoptotic activity [18], while HLF is highly expressed in
leukemic stem cells (LSCs) and has been implicated in chemoresis-
tance [19]. While the PAR family transcription factors have been
characterized as transcriptional activators, E4BP4 is a repressor
[16]. In several cases E4BP4 has been shown to act as a transacti-
vator, and a transactivation domain (TAD) has been reported just
upstream of the transrepressor domain (TRD). E4BP4 has also been
recognized as a survival factor in a cell-type specific context. In
pro-B lymphocytes, E4BP4 activates downstream genes and stimu-
lates IL-3 (a cytokine) promoting cell survival [20]. Similarly, TEF
and DBP have been shown to promote oxidative stress induced
rrelate with downregulation of SLUG/SNAIL: CEM C7-14, CEM C1-15 and CEM C1-
using primers (Table 1) specific for E4BP4, BIM (Panel A), SLUG and SNAIL (Panel B).

ffl method using ACTINB as a reference. Data represent averages ± SD from three
t-test, shown next to the charts. Shaded boxes represent significant differences with



Fig. 3. Inverse relationship between E4BP4 and other PAR-family homologs: Panel A: representation of protein structural homology between C. elegans CES-2, and human PAR
family proteins including E4BP4, HLF, TEF and DBP.TAD = transactivation domain; TRD = transrepression domain; PAR = proline & acid rich domain. Panel B: real-time qPCR
was performed on ethanol or 1 lM Dex treated CEM cells and using primers (Table 1) specific for TEF, HLF and DBP. Fold change in expression was calculated by the Pfaffl
method using ACTINB as a reference. Data represent averages ± SD from three independent experiments. Statistical significance was calculated using a paired Student’s t-test,
shown below the chart. Dark shaded boxes represent significant differences with p-values 60.05, light shaded boxes represent p values 60.10. Panel C: proposed relationship
between E4BP4 and other PAR genes and their effect on cell survival and apoptosis.

384 J.A. Beach et al. / Biochemical and Biophysical Research Communications 451 (2014) 382–388
apoptosis via upregulation of BIK, a BH3-only proapoptotic mem-
ber of the Bcl2 family [21].

To investigate the role of E4BP4 in GC-evoked apoptosis of
human leukemic cells, we have previously created a cell line,
CEM C1-15mE#3, that ectopically expresses mouse E4BP4 in the
GC-resistant CEM C1-15 cells [15]. These cells are sensitized to
GC-evoked apoptosis and BIM upregulation, analogous to the GC-
sensitive sister cell line, CEM-C7-14. In the present study, we have
further investigated GC-mediated regulation of SLUG, SNAIL, HLF,
TEF and DBP in all three cell lines, in an effort to understand the
role of these genes in GC-evoked apoptosis, and to evaluate the
contribution of E4BP4 in their expression. Additionally, we have
evaluated the GC-dependent regulation of transcripts of genes
implicated in apoptosis using the RT2 Profiler™ PCR Array from
SA Biosciences.
2. Materials & methods

2.1. Reagents

Dexamethasone (Dex) was purchased from EMD Biosciences
(Madison, WI). RNA was extracted using TRIzol reagent (Cat
#15596-026) from Invitrogen (La Jolla, CA). Reagents for reverse
transcription (RT), including M-MLV reverse transcriptase,
oligo(dT)15 primer, RNasin�Ribonuclease inhibitor, dNTP mix were
purchased from Promega Life Sciences (Madison, WI). SYBR�Jump-
Start™Taq Ready Mix (Cat #4438) for real-time qPCR was from
Sigma–Aldrich (St. Louis, MO). RNeasy� Mini Kit (Cat #74104)
and DNase Column (Cat #79254) were from Qiagen (Valencia,
CA,). RT2 First Strand Kit (Cat #C-03), RT2 RNA Quality Control
(QC) PCR Array (Cat #PAHS-999) and RT2 Profiler™ modified
human apoptosis PCR Arrays (CAPH09369) were from SA Biosci-
ences. Other reagent grade chemicals were purchased from Fisher
Scientific (Pittsburgh, PA) or Sigma–Aldrich.

2.2. Cell culture

The CCRF-CEM derived human T-ALL cell lines CEM C7-14 and
CEM C1-15 are sensitive and resistant to GCs, respectively, and
are generous gifts from Dr. E.B. Thompson, University of Texas
Medical Branch, Galveston. The CEM C1-15m#3 subclone, stably
transfected with mouse E4BP4, has been characterized previously
and is sensitive to GC-evoked apoptosis [15]. Cells were
maintained in log phase at 37 �C in a 5% CO2 incubator in RPMI
1640 containing L-Glutamine (Catalog #50-020-PB) from Cellgro
(Manassas, VA) supplemented with 5% heat-inactivated fetal
bovine serum (FBS, Cat #S11150) from Atlanta Biologicals
(Lawrenceville, GA).

2.3. Reverse transcription and RT-qPCR (real-time-quantitative PCR)
analysis

Cells were treated for 24 h at a density of 5 � 105 cells/ml with
either absolute ethanol (control/vehicle) or 1 lM Dex and total
RNA was extracted in 1 ml of TRIzol reagent, according to instruc-
tions from the manufacturer. Reverse transcription was carried out



Table 1
PCR primers.

Transcript Forward primer Reverse primer Product size (bp)

E4BP4 50ATGGGGAATTCTTTCTCTGG30 50CTTTGATCCGGAGCTTGTGT30 250
Bim 50CAGATATGCGCCCAGAGATA30 50ACCAGGCGGACAATGTAAC30 163
Slug 50CCCTGAAGATGCATATTCGGAC30 50CTTCTCCCCCGTGTGAGTTCTA30 116
Snail 50GCTGCAGGACTCTAATCCAGAGTT30 50GACAGAGTCCCAGATGAGCATTG30 130
HLF 50GCGTGCTCAGGTCCCTGCTG30 50AGGCCCCAGGAATGCCGACT30 143
TEF 50GCTCTCCAGTGTGCCAGGCG30 50CGGGCATCCCGTGACCGTTT30 189
DBP 50TCCAGGTGCCGGAGGAGCAG30 50GTTCTCCTTGAGCCGCCGGG30 104
b-Actin 50AGTCCTCTCCCAAGTCCACA30 50CACGAAGGCTCATCATTCAA30 130
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by incubating 7 lg of RNA for 3 h at 42 �C with 0.5 mg of
oligo(dT)15, 1 ll (�200 U) of M-MLV reverse transcriptase,
0.5 mM dNTP mix, and 100 U of RNase inhibitor. For RT-qPCR,
SYBR� Green JumpStart™ Taq ReadyMix was mixed with 250 nM
each of forward and reverse primers (Table 1) and 1 ll of reverse
transcription product in a final volume of 25 ll, and run on an
ABI Prism 7300 Real Time PCR System.

To quantitate the relative expression levels, the cycle threshold
(Ct) values for each sample were used to calculate fold inductions
using the Pfaffl method formula: ðEÞDCTtargetðcontrol-sampleÞ

=ðEÞDCTreferenceðcontrol-sampleÞ, where E represents primer efficiency
which was calculated for each sample reaction using LinRegPCR
software. The reference gene was b-actin. Statistical significance
was calculated using a paired Student’s t-test, with a p 6 0.05
denoting high significance and p 6 0.1 denoting moderate
significance.

2.4. RT2 Profiler™ PCR Array

CEM-C7-14, CEM-C1-15, and CEM-C1-15m#3 cells were treated
at a density of 5.0 � 105 cells/ml with ethanol or 1 lM Dex for a
24-h period. Approximately 20 ml of cell suspension (�1.0 � 107

cells) were harvested using the Qiagen RNeasy� Mini Kit following
the manufacture’s protocol. Residual DNA was removed using a
DNase column. First strand cDNA synthesis was completed with
the RT2 First Strand Kit, using 1.5 lg of total RNA. RNA quality
was assessed on the ABI Prism 7300 using the RT2 RNA QC PCR
Array according to the manufacturer’s protocol. Each RT sample
that passed the quality control check was analyzed using a
modified human apoptosis PCR Array. Data were analyzed using
DDCt method through the SABioscience PCR Array Data Analysis
Web Portal. Data presented are averages of two independent
experiments.

3. Results and discussion

We have previously demonstrated that E4BP4-dependent
upregulation of Bim contributes to GC-evoked apoptosis of human
leukemic CEM cells, using a cell line derived from the GC-resistant
CEM C1-15 cells that ectopically expresses mouse E4BP4 (CEM
C1-15mE#3) [15]. Here, we have extended our studies to evaluate
the role of E4BP4 in GC-dependent regulation of genes whose pro-
tein products are known to crosstalk with E4BP4, and genes impli-
cated in apoptosis.

3.1. Parallel regulation of E4BP4 and BIM by Dex

As reported previously, significant Dex-mediated upregulation
of E4BP4 (8.1 and 7.2-fold) and BIM (6.3 and 6.5) transcripts was
seen in CEM C7-14 and CEM C1-15mE#3 cells respectively, while
CEM-C1-15 cells showed a distinctly blunted response for both
E4BP4 (2.2-fold) and BIM (2.3-fold) (Fig. 2A). One thousand base
pairs of the BIM promoter was scanned for the presence of EBPRE
consensus sequences using transcription factor binding site predic-
tion programs, AliBaba 2.1 and TRANSFAC, but none were detected
(data not shown), suggesting that E4BP4 must regulate BIM expres-
sion either through other factors such as Slug/Snail or in conjunc-
tion with other transcription factors.
3.2. E4BP4 does not upregulate BIM via inhibition of SLUG and SNAIL
expression

To test whether E4BP4-dependent apoptosis follows an E4BP4 >
SLUG/SNAIL > BIM pathway parallel to the evolutionarily conserved
ces-2 > ces-1 > egl-1 pathway in CEM cells (Fig. 1), we tested
whether expression of the survival genes SLUG and SNAIL had an
inverse relationship with E4BP4 and BIM. In contrast to this
hypothesis, SLUG transcripts were upregulated by 1 lM Dex in
CEM C7-14 and CEM C1-15mE#3 cells by 3.4 and 5.9-fold respec-
tively, and were marginally downregulated (0.84-fold) in CEM
C1-15 cells. Data between individual cell lines were not statisti-
cally significant, as determined by a paired Student’s t-test, except
for CEM C1-15 and CEM C1-15mE#3, where p was 0.036 (Fig. 2B).
SNAIL expression was minimally repressed by 1 lM Dex in all three
cell lines (0.7 to 0.9-fold) (Fig. 2B), and again the difference
between pairs of cell lines was not significant, but the extent of
repression (compared to ethanol treated controls) for CEM C7-14
and CEM C1-15mE#3 cells was marginally significant with a p
value of 0.09 and 0.06 respectively. These data suggest that Dex-
evoked SNAIL downregulation may facilitate BIM upregulation.
3.3. Inverse regulation of PAR-family transcripts in comparison to
E4BP4

HLF, TEF and DBP share the same bZIP domain and DNA binding
specificity as E4BP4, but lack a TRD (Fig. 3A), and are known to
have an opposite outcome on transcription of target genes com-
pared to E4BP4. They have been shown to promote cell survival
and chemoresistance, and their expression profile is opposite to
that of E4BP4. To determine whether HLF, TEF and DBP have a role
in sensitivity or resistance to GCs in the CEM cell model, we deter-
mined the effect of 1 lM Dex on transcript levels of all three genes
in GC-sensitive CEM C7-14 and CEM C1-15mE#3 cells and in
GC-resistant CEM C1-15 cells (Fig. 3B). All three transcripts were
upregulated by Dex in the GC-resistant CEM C1-15 cells, and
downregulated in GC-sensitive CEM C7-14 cells. In CEM
C1-15mE#3 cells, both HLF and DBP were downregulated, while
TEF was marginally upregulated. All data were significant for HLF
with p 6 0.05, and for TEF between CEM C7-14 and CEM C1-15
cells, with p 6 0.10. While E4BP4 is upregulated by Dex in all three
cell lines, the extent of upregulation is 4-fold higher for the sensi-
tive lines than for the resistant line (Fig. 2A). Our results suggest a
mutually antagonistic relationship between PAR proteins and



Table 2
Genes regulated 2-fold or higher by 1 lM dexamethasone
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E4BP4 in modulating cell survival and apoptosis, respectively
(Fig. 3C).

3.4. Regulation of genes implicated in apoptosis

In an effort to identify additional genes playing a role in GC-
evoked apoptosis, and their dependence on E4BP4, gene expression
profiles for CEM-C7-14, CEM-C1-15, and CEM-C1-15mE#3 cells
were analyzed using the Human RT2 Profiler™ Apoptosis PCR
Array. Total RNA was extracted from cells treated for 24 h with eth-
anol or 1 lM Dex, and first-strand synthesis was performed and
PCR Arrays were run as described in the Section 2. Two indepen-
dent experiments, with six groups each (control and treated groups
for each of three cell types) were performed. The software, RT2 Pro-
filer™ PCR Data Analysis v3.5, available through the SA Biosciences
website, was used for data analysis. Briefly, control and Dex-trea-
ted threshold cycles for each gene were normalized to the average
of three housekeeping genes, and the expression levels were calcu-
lated using the DDCt method. Only those genes that passed the
software’s quality check for all groups were analyzed. Transcripts
with a Ct value greater than 35 in any sample were excluded from
the analysis. Additionally, any gene that showed a variation of
greater than 3 standard deviations within the two replicates for
any group was eliminated from the analysis.

For a gene to be considered as regulated by GCs in an E4BP4-
dependent manner, it must be reproducibly up- or downregulated
by GCs in the GC-sensitive CEM C7-14 and CEM C1-15mE#3 cells
but not in the GC-resistant CEM C1-15 cells, suggesting that ecto-
pic expression of E4BP4 restores GC-dependent transcriptional
regulation in CEM C1-15mE#3 cells. Following these criteria, two
genes, BCL2L11 (BIM) and BIRC3 showed a significantly greater
upregulation by 1 lM Dex in the sensitive cells compared to the
resistant cells (Table 2A), although both these genes were upregu-
lated >2-fold in CEM C1-15 cells. CEM C1-15 cells express func-
tional GR, which has been shown to be transcriptionally active
with a blunted response to GC stimulus, hence modest regulation
of GC-dependent genes is to be expected [4]. Bim is a well-known
mediator of GC-evoked apoptosis of lymphoid leukemic cells [14],
and we have shown that its expression correlates with E4BP4
expression [15] (Fig. 2A). BIRC3 or IAP-1 (Inhibitor of Apoptosis-
1) is known to bind to TRAFs (Tumor necrosis factor Receptor Asso-
ciated Factors) and inhibit apoptosis by interfering with activation
of caspases. BIRC3 has been previously shown to be upregulated in
correlation with GC-evoked apoptosis, and has been proposed as a



Fig. 4. Correlation of sensitivity to GCs and expression of Bcl-2 family genes: Data
for anti-apoptotic (Panel A) and pro-apoptotic (Panel B) members of the Bcl-2
family were extracted from the RT2 Profiler™ Apoptosis PCR Array.
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rescue mechanism activated in cells trying to escape apoptosis [4].
TNFSF10, a gene encoding a member of the TNF family, that has
been shown to induce apoptosis in tumor cells by activating casp-
ases, was upregulated only in CEM C7-14 cells, suggesting that its
upregulation by Dex is not mediated by E4BP4.

Six genes were upregulated by GCs in the resistant CEM C1-15
cells (Table 2B). CD27, was also upregulated in CEM C1-15mE#3
cells, hence may not have any correlation with E4BP4 expression.
CD27 is a member of the TNF receptor superfamily, and is thought
to play a role in survival of activated T cells [22]. Three genes,
CFLAR, BAD and AKT1 are only upregulated in CEM C1-15 cells,
and are not significantly regulated in the sensitive cells, and may
contribute to resistance to GCs in CEM C1-15 cells. CFLAR is struc-
turally similar to caspase-8, but lacks caspase activity and inhibits
apoptosis [23]. BAD is a known proapoptotic member of the Bcl2
family [24], and CEM C1-15 cells resist apoptosis in spite of BAD
upregulation. The proapoptotic activity of BAD is inhibited by its
phosphorylation via AKT and MAP kinase [24]. It is possible that
in CEM C1-15 cells, BAD is inactivated by phosphorylation. In sup-
port of this hypothesis, AKT1, encoding a serine/threonine-protein
kinase survival factor known to phosphorylate BAD (31), is also
upregulated only in the resistant cells. Two genes, BCL2L2 and
CD40LG are upregulated >2-fold in CEM C1-15 cells but downregu-
lated >2-fold in CEM C1-15mE#3 cells, suggesting that E4BP4 may
play a role in their repression. BCL2L2 encodes the anti-apoptotic
member of the Bcl2 family, Bcl-w, and has been shown to block
GC-induced apoptosis [25]. CD40LG is a negative regulator of apop-
tosis, is expressed on T-cell surfaces, and engages CD40 on the B
cell surface to facilitate immunoglobulin class switching. It has
been shown to be negatively regulated by E4BP4 [26].
Of the three genes downregulated >2-fold in CEM-C7-14 cells
(Table 2C), FASLG was also downregulated in the other two cell
lines, but most strongly in CEM C1-15mE#3 cells. It is a member
of the TNF superfamily, known to antagonize with GCs in regulat-
ing T cell apoptosis [27]. BCL2A1 and TRAF4 were downregulated in
CEM C7-14 cells >2-fold, in CEM C1-15mE#3 cells by about 1.8-fold
and were not significantly altered in CEM C1-15 cells, thus E4BP4
may contribute to their repression. BCL2A1 encodes an anti-
apoptotic member of the Bcl2 family, Bfl1 [25], and its downregu-
lation concurs with sensitivity of CEM cells. TRAF4 is a TNF
receptor associated factor and a negative regulator of NFjB activa-
tion and apoptosis [28], thus its downregulation promotes
apoptosis.

Six genes were downregulated significantly (>2-fold) only in
CEM C1-15mE#3 cells, suggesting that ectopic E4BP4 expression
may facilitate their repression. Notable among these was
SNAI1encoding Snail, an ortholog of C. elegans ces-1 gene which
is a survival factor, and may be an intermediate in E4BP4-depen-
dent upregulation of BIM (Fig. 1). This is in agreement with our
data in Fig. 2B. Another notable gene in this group was BCL2L1,
an anti-apoptotic member of the Bcl2 family, was upregulated
1.93-fold in CEM C1-15 cells, and its downregulation via E4BP4
may sensitize these cells to GC-evoked apoptosis.

3.5. Regulation of Bcl-2 family genes

The RT2 Profiler™ Apoptosis PCR Array included several pro-
and anti-apoptotic genes belonging to the Bcl-2 family. Because
of the critical role these genes are known to play in the execution
of apoptosis, data corresponding to these genes was extracted and
charted separately (Fig. 4). Of the anti-apoptotic genes analyzed, all
except MCL1 were upregulated in the GC-resistant CEM C1-15 cells,
although only BCL2L1 and BCL2L2 were upregulated approximately
2-fold (Fig. 4A). The sensitive cells showed a general downregula-
tion of anti-apoptotic genes, with a 2-fold repression of BCL2L1 and
BCL2L2 in CEM C1-15mE#3 cells, suggesting that E4BP4 expression
played a role in their repression. Among the pro-apoptotic genes
analyzed, only BIM was markedly upregulated in the two sensitive
cell lines compared to the resistant line (Fig. 4B). Since these data
are from duplicate arrays, they are not statistically significant,
however the trends are informative.

Our studies demonstrate that E4BP4-mediated upregulation of
BIM may be independent of SLUG/SNAIL repression, unlike the
orthologous pathway in C. elegans. Expression patterns of the
PAR family genes TEF, HLF and DBP are opposite to that of E4BP4,
with HLF showing the most statistical significance. Ectopic expres-
sion of E4BP4 in the resistant CEM C1-15 cells restores GC-
mediated regulation of key pro-and anti-apoptotic genes, depicting
a complex network of gene regulatory signals that ultimately result
in apoptosis.
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