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Abstract: High dose methylprednisolone (HDMP) has been an effective salvage therapy for patients with relapsed 
chronic lymphocytic leukemia (CLL), while little is known about the exact mechanisms implicated in glucocorticoid-
induced cell death. To explore the mechanism of glucocorticoid-induced cell death, we investigated the effect of 
HDMP on canonical Wnt signaling which emerged as a key pathway implicated in the pathogenesis of CLL. In this 
study, the human CLL cell line MEC-1 was incubated with various concentrations of methylprednisolone. Cell pro-
liferation activity was detected by CCK8 assay, the apoptotic effect was evaluated by TUNEL assay. Western blot 
was used to detect active-caspase 3, and the key proteins in Wnt signaling pathway (LEF-1, β-catenin). RT-PCR was 
performed to assess the mRNA levels of β-catenin, LEF-1, c-myc and cyclin D1. We observed that high concentra-
tion of methylprednisolone could suppress the proliferation activity of MEC-1 cells, promote the relative expression 
of active-caspase 3, and induce apoptotic cell death. Furthermore, methylprednisolone could inhibit LEF-1 protein 
expression, consequently down-regulate mRNA levels of c-myc and cyclin D1, but could not affect the transcription 
level of β-catenin and LEF-1 mRNA. The results of this study indicate that methylprednisolone can suppress Wnt 
signaling pathway by down-regulating LEF-1 protein expression, indicating a novel mechanism for HDMP therapy in 
CLL.
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Introduction

Chronic lymphocytic leukemia (CLL) is a hetero-
geneous disease with significant variation in 
disease progression, response to therapy, and 
survival outcome [1, 2]. As the widely applica-
tion of chemoimmunotherapy regimens, remar- 
kable progress has been achieved in the treat-
ment of CLL, it remains an incurable disease 
with significant relapse rates or resistance to 
conventional therapy. There is an urgent need 
to find a novel or effective regimen which sh- 
ould be possible to overcome the chemoresis-
tance associated with p53 defects. Surprising- 
ly, high dose methylprednisolone (HDMP) has 
been an effective salvage therapy for patients 
with relapsed CLL including those with unfavor-
able cytogenetic features [3].

The Wnt signaling pathway has been found to 
be active in CLL cells, especially in the aggres-
sive CLL subgroup, playing a critical role in the 
pathogenesis of CLL [4, 5]. Binding of Wnt pro-
tein to its membrane-bound receptor complex 
leads to activation of the canonical Wnt signal-
ing pathway. During the Wnt signaling activa-
tion, β-catenin accumulates in the cytoplasm 
and translocates into the nucleus, where it 
cooperates with the transcription factors T-cell 
factor (TCF) and lymphoid enhancer factor-1 
(LEF-1) to alter the production of proteins impor-
tant for cell proliferation and survival, including 
c-myc, cyclin D1, and several antiapoptotic pro-
teins [6, 7].

In this study, we investigated the influence of 
methylprednisolone on the proliferation, apop-
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tosis, and regulation of Wnt signaling pathway 
in human CLL cell line MEC-1. We also attempt-
ed to explore the mechanisms implicated in 
glucocorticoid-induced cell death in search of 
molecular mechanism for therapeutic effects 
of HDMP.

Materials and methods

Cell line and culture 

The human CLL cell line MEC-1 (p53deleted/mutated) 
was cultured in Iscove’s Modified Dulbecco’s 
Medium (IMDM, Hyclone, Logan, UT, USA) with 
10% fetal bovine serum (FBS, Hyclone, Logan, 
UT, USA) maintained in a humidified incubator 
containing 5% CO2 at 37°C.

Proliferation assays 

Logarithmically growing MEC-1 cells were plat-
ed in 96 well plate at a density of 3×104 
cells/100 µl/well, incubated with increasing 
concentrations of methylprednisolone (1 µM, 
10 µM, 50 µM, 100 µM and 500 µM) for 12 h, 
24 h, 48 h, 72 h and 96 h. Before proliferation 
detected, 10 µl of CCK8 (Beyotime Institute of 
Biotechnology) was added to the 100 ul cul-
tured cell. After incubated for 2 h in a humidi-
fied incubator containing 5% CO2 at 37°C, the 
absorbance was detected at a wavelength of 
450 nm.

Protein collection and Western blot

MEC-1 cells were incubated with methylpred-
nisolone for different time periods, then active-
caspase 3, LEF-1 and β-catenin protein expres-
sions were detected by Western blot. β-actin 
was detected as a loading control for Western 
blot analysis.

Cells were washed three times and were lysed 
in RIPA Lysis Buffer. The concentration of 
extracted protein was measured by the BCA 
protein assay (CWbio.Co.Ltd, Beijing, China) fol-
lowing the instructions. For Western blot, equal 
amounts of total protein were separated by 
10% sodium dodecyl sulfate-polyacrylamide 
gelelectrophoresis (SDS-PAGE) and then trans-
ferred to polyvinylidene difluoride (PVDF) mem-
branes. After blocking by 3% skim milk for 1 
hour at room temperature, the PVDF mem-
branes were incubated with the primary anti-
bodies as anti-LEF1 antibody 1:500 (ABGENT), 
anti-β-catenin antibody 1:500 (BD) and anti-
cleaved caspase 3 antibody 1:500 (Abcam) at 
4°C overnight. The membranes were then rin- 
sed and incubated with HRP-conjugated sec-
ondary antibody (anti-rabbit IgG, 1:5000, CW- 
bio.Co.Ltd, Beijing, China) for 1 hour at room 
temperature. After staining, the blots were de- 
veloped using Enhanced Chemiluminescence 
Detection Kit (CWbio.Co.Ltd, Beijing, China). 
Quantification of the autoradiograms was done 
using the Quantity One software (Bio-Rad).

TUNEL assay

MEC-1 cells were incubated with 100 µM meth-
ylprednisolone on a slide paved with poly-L-
lysine (PDL) for 12 h, 24 h and 48 h. The MEC-1 

Table 1. Primers used for the quantitative 
real-time PCR
Gene Name Primer Sequence (5’ to 3’)
C-myc Forward TCAAGAGGCGAACACACAAC

Reverse GGCCTTTTCATTGTTTTCCA
cyclin D1 Forward ACCTGAGGAGCCCCAACAA

Reverse TCTGCTCCTGGCAGGCC
β-catenin Forward GCAGCAACAGTCTTACCT

Reverse ACAGGACTTGGGAGGTAT
LEF-1 Forward CTTCGCCGAGATCAGTCA

Reverse CTGGCCTTGTCGTGGTAG
β-actin Forward TCCATCATGAAGTGTGACGT

Reverse GAGCAATGATCTTGATCTTCAT

Figure 1. Effects of methylprednisolone on prolif-
eration of MEC-1 cells. The proliferation activity was 
significantly reduced by 23.34%, 30.73%, 30.57% 
respectively with high concentrations of 50 µM, 
100 µM, 500 µM after 24 h, and 28.48%, 42.35%, 
44.56% after 48 h, compared with the untreated 
control. With the extension of culture time, the in-
hibitory effect on the proliferation activity increased 
gradually.
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cells on slides were fixed with 4% paraformal-
dehyde (PFA). TUNEL labeling of apoptotic cells 
was performed using an In Situ Cell Death 
Detection Kit (Roche), according to the instruc-
tions of the manufacturer.

Quantitative RT-PCR

MEC-1 cells were incubated with 100 µM meth-
ylprednisolone for 24 h and 48 h. Cells from 
one culture flask were collected or quickly 
stored at -80°C until use. Total RNAs was 
extracted using Ultrapure RNA Kit (CWbio.Co.
Ltd, Beijing, China) according to the manufac-
turer’s recommendations. RNA quality was 
assessed by electrophoresis confirmed that no 
degradation in RNA. Reverse transcription to 

complementary DNA (cDNA) was performed 
using HiFi-MMLV cDNA First Strand Synthesis 
Kit according to the manufacturer’s instruc-
tions (CWbio.Co.Ltd, Beijing, China). Amplifi- 
cation was performed with UltraSYBR Mixture 
(CWbio.Co.Ltd, Beijing, China) in a total volume 
of 20 µl which contained 10 µl of UltraSYBR 
Mixture, 0.4 µl of each primer (10 µM), 2 µl of 
cDNA sample and 7.2 µl of dH2O. The mRNA 
levels of objective gene and housekeeping 
gene (β-actin) were quantified by RT-PCR on the 
ABI Prism 7900 sequence detection system 
(Applied Biosystems) by using the primer sets 
as follows in list (Table 1). The PCR reactions 
were cycled 40 times after initial denaturation 
(95°C, 10 min) with the following parameters: 
95°C for 15 seconds and 60°C for 60 seconds. 

Figure 2. Effects of methylprednisolone on apoptosis of MEC-1 cells. Western blot was performed to detect the 
relative expression of active-caspase 3. β-actin was detected as an internal control for Western blot analysis. Time 
of 0 h was regarded as the untreated control. **P<0.05 compared with the untreated control. A. Expression of 
active-caspase 3 with 10 µM methylprednisolone were 0.34±0.13, 0.40±0.03, 0.40±0.10, 0.44±0.07 respectively, 
with no significant differences (P>0.05). B. Expression of active-caspase 3 with 50 uM methylprednisolone were 
0.15±0.04, 0.27±0.16, 0.90±0.22, 1.23±0.22 respectively (P<0.05). C. Expression of active-caspase 3 with 100 
uM methylprednisolone were 0.25±0.13, 0.38±0.10, 0.98±0.30, 1.19±0.50 respectively (P<0.05). D. The expres-
sion of active-caspase 3 increased gradually with the extension of culture time (24 h, 48 h), when treated with high 
concentrations of methylprednisolone (above 50 µM).
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The data were analyzed by using the compara-
tive Ct (2-ΔΔCT) method, where Ct is the cycle 
number at which fluorescence first exceeds the 
threshold. The normalized expression level of 
objective genes in methylprednisolone treated 
cells was compared with that in the correspond-
ing untreated cells at a particular time point. 
RT-PCR for each gene sample was performed in 
triplicate.

Statistical analysis

All statistical analyses were performed by us- 
ing the SPSS18.0 software. The data were 
expressed as mean ± standard deviation (SD). 

of MEC-1 cells

To better evaluate the apoptosis inhibition of 
methylprednisolone, the MEC-1 cells were incu-
bated with 10 µM, 50 µM and 100 µM methyl-
prednisolone respectively for 12 h, 24 h and 48 
h. Western blot analysis revealed that treat-
ment with concentrations above 50 µM promot-
ed the expression of active-caspase 3 after 24 
h (P<0.05) (Figure 2), suggesting high concen-
tration of methylprednisolone could induce 
apoptosis. The following TUNEL assay also con-
firmed the presence of cell apoptosis after 24 
h. TUNEL positive cells were seldom (<0.1%) 

Figure 3. Effects of methylprednisolone on apoptosis of MEC-1 cells. TUNEL as-
say was performed to assess the apoptosis. TUNEL positive nuclei stained with 
fluorescein are green, whereas interphase nuclei stained with DAPI are blue. 
TUNEL positive cells were seldom (<0.1%) before 12 hours, but increased to 
62±4% at 24 h and 90±6% at 48 h respectively.

The significance of differ-
ences between groups was 
determined by using the 
Student’s t test or AN- 
OVA. A P value less than 
0.05 (P<0.05) was consid-
ered statistical significan- 
ce.

Results

Methylprednisolone sup-
presses the proliferation 
activity of MEC-1 cells 

The MEC-1 cells were incu-
bated with different con-
centrations of methylpred-
nisolone for 12 h, 24 h, 48 
h, 72 h and 96 h. CCK8 
assay revealed that treat-
ment with 1 µM and 10 µM 
methylprednisolone could 
not suppress the prolifera-
tion activity of MEC-1 cells. 
While treatment with con-
centrations above 50 µM 
could significantly reduce 
the proliferation activity by 
23.34%, 30.73%, 30.57% 
after 24 h, and 28.48%, 
42.35%, 44.56% after 48 h 
respectively (Figure 1). In 
addition, the inhibitory eff- 
ect on proliferation activity 
of MEC-1 cells increased 
gradually with time.

Methylprednisolone in-
duces apoptotic cell death 
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before 12 hours, but increased to 62±4% at 24 
h and 90±6% at 48 h respectively (Figure 3).

Methylprednisolone inhibits LEF-1 protein 
expression and down-regulates mRNA levels of 
c-myc and cyclin D1 in MEC-1 cells

To further assess whether methylprednisolone-
induced apoptosis was associated with the 
suppression of Wnt signaling pathway in MEC-1 
cells, LEF-1 and β-catenin protein expressions 
were detected by Western blot (Figure 4), the 
mRNA levels of β-catenin, LEF-1, c-myc and 
cyclin D1 were measured by quantitative RT- 
PCR (Figure 5). Following treatment with 100 
uM methylprednisolone for 24 h and 48 h, we 
observed β-catenin had no obvious change in 
the methylprednisolone treatment process, ei- 
ther protein expression or the mRNA level 
(P>0.05). LEF-1 protein expression was reduced 
by 31.94% after 24 h and 38.89% after 48 h  
in MEC-1 cells (P<0.05), which consequently 
down-regulated mRNA levels of downstream 
target genes as c-myc and cyclin D1, while 
there was no significant effect on LEF-1 mRNA 
level.

Discussion 

CLL is predominantly a heterogeneous disease 
of the elderly, and often associated with a high 

comorbidity rate. Management of relapsed/
refractory CLL represents a major challenge 
because of the poor prognosis. High-dose glu-
cocorticoids appear to play an important role in 
the management of highly pretreated relapsed/
refractory CLL [8, 9]. In addition, HDMP com-
bined with monoclonal antibodies seems to 
improve further therapeutic efficacy in the 
management of high-risk CLL [10-13]. Expe- 
riments in vitro also confirmed that glucocorti-
coids combined with rituximab could induce 
synergistic direct anti-proliferative and pro-
apoptotic effects [14].

MEC-1 cells were obtained from a CLL patient 
who was already in prolymphoblastic transfor-
mation [15], carrying both 17p deletion and 
P53 mutation. Our present experiments in vitro 
revealed that high concentration of methyl-
prednisolone can suppress the proliferation 
activity of MEC-1 cells, and the inhibitory effect 
increase gradually with time. Additionally, high 
concentration of methylprednisolone can also 
promote the expression of active-caspase 3, 
indicating the occurrence of glucocorticoid-
induced apoptosis as TUNEL assay confirmed.

As demonstrated, glucocorticoids (GCs) exert 
their effects through both genomic and non-
genomic signaling [16]. According to the classic 

Figure 4. Effects of methylprednisolone on expressions of β-catenin and LEF-1 in MEC-1 cells. Western blot was per-
formed to detect the relative expression of β-catenin and LEF-1. **P<0.05 compared with the untreated control (0 
h). A. Relative expressions of β-catenin were 1.46±0.22, 1.17±0.10, 1.17±0.15 respectively, with no significant dif-
ferences (P>0.05). B. Relative expressions of LEF-1 were 1.44±0.21, 0.98±0.09, 0.88±0.04 respectively (P<0.05), 
reduced with time by 32% after 24 h and 39% after 48 h.
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genomic signaling, GCs bind to specific gluco-
corticoid receptors (GRs) expressed intracellu-
lar and the GC-GR complex translocates into 
the nucleus, where it modulates the transcrip-
tional activity of target genes via one of two 
ways: either by direct interaction with gluco- 
corticoid-response elements (GREs), or throu- 
gh protein-protein interactions with other tr- 
anscription factors, then modulates the exp- 
ression of target genes positively or negatively 
[17].

Publications suggested different specific aspe- 
cts of glucocorticoid mediated effects [8]: sup-
pression of P53, bcl-2, c-myc, cyclin-D3, activa-
tion of caspase mediated apoptosis, induction 
of autophagy, or downregulation of Lyn [18] and 
SYK [19]. The most important is that HDMP 
may act independently of the P53 signaling 
pathway [20], but little is known about the exact 
mechanisms implicated in glucocorticoid-indu- 
ced cell death of CLL cells.

Wnt signaling pathway has been involved in 
many types of malignances, and the aberrant 
Wnt signaling also has been implicated in the 
pathogenesis of CLL [4, 5]. Wnt signals are ex- 
tracellularly regulated by several secreted an- 
tagonists including secreted frizzled-related 
protein (sFRP), Wnt inhibitory factor-1 (WIF-1), 
and dickkopf (Dkk), acting as negative modula-
tors of the Wnt signaling pathway [21, 22].

It was reported that glucocorticoids may sup-
press Wnt signaling pathway by affecting multi-
ple aspects as enhancing the expression of 
sFRP1 [23], Dkk-1 [24] and Dkk-2 [25]. 
Moreover, glucocorticoids may also promote 
the glycogen synthase kinase-3β (GSK-3β) 
activity [26], leading to β-catenin phosphory-
lated and degraded subsequently, which indi-
rectly inhibit Wnt signaling mediated by β-ca- 
tenin. Wallace K [27] demonstrated treatment 
with glucocorticoid resulted in a transient loss 
of constitutive Wnt-3a expression, phosphory-
lation and depletion of β-catenin, loss of 
β-catenin nuclear localization, and significant 
reductions in TCF/LEF transcriptional activity, 
associated with a reduction in Wnt signaling 
activity. But surprisingly, extending glucocorti-
coid treatment resulted in the re-expression of 
Wnt-3a from around 21 days. And a return to 
higher TCF/LEF transcriptional activity was cor-
related with the re-expression of Wnt-3a. 
However, direct TCF/LEF inhibition did not sub-
stitute for glucocorticoid, suggesting a TCF/
LEF-independent mechanism was also involved. 
Furthermore, Ohnaka K [28] found that gluco-
corticoid could suppress the Wnt3a-induced 
TCF/LEF-dependent transcriptional activity in a 
dose-dependent manner. While the addition of 
anti- Dkk-1 specific antibody partially restored 
the transcriptional activity suppressed by glu-
cocorticoid. They thought the inhibitory action 
was in part attributed to the increase of Dkk-1 
expression by glucocorticoid.

LEF-1 is a nuclear protein overexpressed in pri-
mary CLL cells. It has been identified as an 
important regulator of pathophysiologically rel-
evant genes in CLL, which can serve as an 
excellent target for therapeutic intervention in 
CLL [29, 30]. Our further experiments in vitro 
focus on the effects of methylprednisolone on 
the key proteins (β-catenin, LEF-1) and target 
genes involved in Wnt signaling pathway. In the 
present study, we demonstrated that methyl-
prednisolone can inhibit LEF-1 protein expres-
sion in MEC-1 cells, consequently down-regu-
late mRNA levels of downstream target gene as 
c-myc and cyclin D1, but cannot affect the tran-
scription level of β-catenin and LEF-1 mRNA. 
These data suggested that methylprednisolone 
can suppress Wnt signaling pathway by down-
regulating LEF-1 protein expression.

Nevertheless, there are other aberrant signal-
ing pathways involved in CLL [31]. Further expe- 
riments are needed to explore the mechanisms 

Figure 5. Effects of methylprednisolone on mRNA lev-
els of β-catenin, LEF-1, c-myc and cyclin D1 in MEC-1 
cells. MEC-1 cells were incubated with 100 uM meth-
ylprednisolone for 24 h and 48 h. The relative mRNA 
levels of β-catenin, LEF-1, c-myc and cyclin D1 were 
measured by quantitative RT-PCR. The comparative 
Ct (2-ΔΔCT) method was used to calculate the relative 
mRNA expression to the internal control (β-actin). 
The c-myc and cyclin D1 mRNA expressions were 
down-regulated in the methylprednisolone treatment 
process, while no significant effect on β-catenin or 
LEF-1 mRNA level. Bars represent SD, **P<0.05 
compared with the untreated control.
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implicated in glucocorticoid-induced cell death 
of CLL cells.
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