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Abstract. Interleukin 24 (IL‑24) is a unique cytokine encoded 
by the melanoma differentiation associated gene‑7 (Mda‑7), 
and was first discovered inhuman melanoma cells. Exogenous 
Mda‑7/IL‑24 has been shown to inhibit the proliferation and 
invasion of a broad spectrum of human cancer cells, but its 
effect on the differentiation of B cell lymphoma is not yet 
clear. To the best of our knowledge, the present study demon-
strated for the first time that overexpressing Mda‑7/IL‑24 can 
induce differentiation in human B cell lymphomacells, and 
the underlying mechanism was investigated. The proliferation 
of stable Mda‑7/IL‑24 overexpressing Raji and Daudi cells 
was assessed by the MTS method. The immunophenotype, 
apoptosis level and cell cycle distribution of Raji and Daudi 
cells were analyzed by flow cytometry. The expression of PR 
domain zinc finger protein 1 (Blimp1) and B‑cell lymphoma 
6 (Bcl6) were analyzed by western blotting. Additionally, 
western blotting assay was also performed to study the effect 
of Mda‑7/IL‑24 on the activity of the P38 mitogen activated 
protein kinase (MAPK) signaling pathway in Raji and Daudi 
cells. Proliferation of Raji and Daudi cells overexpressing 
Mda‑7/IL‑24 was inhibited significantly, compared with those 
of parent cells and cells transfected with the empty vector alone. 
Apoptosis was not involved in the proliferation inhibition, 

while the cell cycle was arrested in G1 phase in the Raji and 
Daudi cells overexpressing Mda‑7/IL‑24. Overexpressing 
Mda‑7/IL‑24 resulted in a significantly decreased expression 
of cluster of differentiation (CD)10, and increased expression 
of CD45 and CD138 in the cell surface of Raji and Daudi cells. 
The expression of Blimp1 was upregulated, while the levels 
of Bcl6 protein was downregulated, in Raji and Daudi cells 
overexpressing Mda‑7/IL‑24. Furthermore, the activities of 
the P38 MAPK signaling pathway in lymphoma cells were 
upregulated. These results indicated that Mda‑7/IL‑24 could 
induce terminal differentiation of B lymphoma cells by regu-
lating the expression of Blimp1 and Bcl6 via altering the P38 
MAPK signaling pathway, suggesting that Mda‑7/IL‑24 may 
therefore be a potential differentiation therapeutic agent to be 
applied in clinical treatment of B cell lymphoma.

Introduction

B cell lymphoma is a clinical hematopoietic malignancy 
originating from the lymphoid system and is the most common 
subtype of non‑Hodgkin's lymphoma, with high mortality 
worldwide (1). The prevalence of B cell lymphoma and its 
poor prognosis following chemotherapy indicates requirement 
to identify alternativestrategies for its treatment (2). A novel 
approach for tumor treatment is to use agents that inhibit 
growth of tumor cells by inducing terminal differentiation, 
a strategytermed ‘differentiation therapy’ (3). Hematopoietic 
malignancy including B cell lymphoma are characterized by a 
blockage in differentiation. Since the establishment of all‑trans 
retinoic acid as a classical differentiation inducer to treat acute 
promyelocytic leukemia (AML‑M3), AML‑M3 has become 
a curable subtype of acute myeloid leukemia (AML) (3,4). 
However, agents such as B cell lymphoma differentiation 
inducer, are extremely less developed. As differentiation 
therapy can avoid many disadvantages of chemotherapy, there 
is an urgent requirement to design more effective strategies 
to induce differentiation of B cell lymphoma. Meanwhile, 
investigation of the underlying mechanism associated with 
lymphoma cell differentiation may provide useful therapeutic 
targets for identifying specific and safe differentiation therapy 
to treat lymphoma.
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Interleukin (IL)‑24, a unique cytokine that belongs to the 
IL‑10 cytokine family, exhibits antitumor activity against 
various human malignant tumor cells. IL‑24 is encoded by 
the melanoma differentiation associated gene‑7 (Mda‑7), and 
was first identified in human melanoma cells (5). Mda‑7/IL‑24 
expression is lost in a variety of cancers, including leukemia 
and lymphoma (6,7). Although its physiological role is poorly 
understood, overexpression of Mda‑7/IL‑24 was reported to 
result in growth inhibition, reversal of malignant phenotype, 
cell cycle arrest, induction of apoptosis and terminal differ-
entiation in a broad spectrum of malignant tumors, but to 
have non‑toxic side effects on healthy human cells  (7‑13). 
Previously, Mda‑7/IL‑24 was also observed to induce mono-
cytic differentiation of human HL60 (promyelocytic leukemia) 
and U937 (promonocytic leukemia) cell lines (3). This ability 
of Mda‑7/IL‑24 to induce differentiation in AML cells led to 
the hypothesis that overexpression of Mda‑7/IL‑24 may serve 
a similar role in B cell lymphoma cells.

To verify this hypothesis, the present study investigated 
the effect of overexpressing Mda‑7/IL‑24 on the growth, inva-
sion, migration and differentiation of B cell lymphoma cells 
in vitro, with the goal of clarifying the potential molecular 
mechanism of Mda‑7/IL‑24. To the best of our knowledge, 
we have demonstrated for the first time that overexpression of 
Mda‑7/IL‑24 can induce terminal differentiation in human B 
cell lymphoma cells in vitro. Raji and Daudi cells transfected 
with Mda‑7/IL‑24 demonstrated significant growth suppres-
sion. The number of cells in G0/G1 phase was increased, 
and cells in S phase were decreased in lymphoma cells 
overexpressing Mda‑7/IL‑24. Furthermore, the expression of 
immature B lymphocyte surface marker cluster of differen-
tiation (CD) 10 was significantly decreased, while CD45 and 
CD138 were increased in Raji and Daudi cells overexpressing 
Mda‑7/IL‑24. Additionally, the expression of C‑myc, N‑myc 
and B‑cell lymphoma 6 (Bcl6) was significantly down-
regulated, whereas PR domain zinc finger protein 1 (Blimp1) 
expression was upregulated, in lymphoma cells overexpressing 
Mda‑7/IL‑24.

These results suggested that overexpression of Mda‑7/IL‑24 
can induce Raji and Daudi cell differentiation, and thus may 
represent a potential clinical differentiation therapeutic agent 
to be applied in patients with lymphoma.

Materials and methods

Cell lines and reagents. Raji and Daudi human B lymphoma 
cells were supplied by the research center of the Fourth 
Hospital of Hebei Medical University (Hebei, China). 
RPMI‑1640 and 3‑(4,5‑dimethylthiazol‑2‑yl)‑5‑(3‑carboxym
ethoxyphenyl)‑2‑(4‑sulfophenyl)‑2H‑tetazolium (MTS) was 
obtained from Sigma‑Aldrich; Merck KGaA (Darmstadt, 
Germany). Fetal calf serum (FCS) was purchased from 
Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). 
Annexin V‑fluorescein isothiocyanate (FITC), a7‑amino-
actinomycin D (7‑AAD) double stain kit, CD10‑FITC, 
CD19‑allophycocyanin (APC), CD138‑FITC and CD45‑APC 
were all purchased from BD Pharmingen; BD Biosciences 
(San Jose, CA, USA). The radio‑immunoprecipitation assay 
lysis buffer and bicinchoninic acid protein assay kit were 
purchased from Beijing Solarbio Science & Technology 

Co., Ltd. (Beijing, China). Rabbit anti‑human antibodies 
against phosphorylated (p)‑P38 (cat no.  4631S), Blimp1 
(cat no. 9115) and Bcl6 (cat no. 14895S) were all obtained 
from Cell Signaling Technology, Inc. (Danvers, MA, USA). 
Rabbit anti‑human antibodies against total P38 MAPK  
(cat no. 66234‑1‑Ig) and matrix metalloproteinase (MMP)2 
(cat no.  10373‑2‑Ab) were purchased from Proteintech 
Group, Inc. (Rosemont, IL, USA). Rabbit anti‑human 
antibodies against c‑myc (cat no.  189790‑2), N‑myc (cat 
no. 153733‑2), Mda‑7/IL‑24 (cat no. GR/52203‑2) and MMP9 
(cat no. 573144) were obtained from Abcam (Cambridge, 
MA, USA). Rabbit anti‑human antibody against β‑actin (cat 
no. AP0060) was supplied by Bioworld Technology, Inc. 
(Louis park, MN, USA). The horseradish peroxidase‑conju-
gated goat anti‑rabbit secondary antibody (cat no. 29527) 
was purchased from Rockland (Limerick, PA, USA). 
Lipofectamine™ 2000 was purchased from Invitrogen; 
Thermo Fisher Scientific, Inc. A plasmid encoding the human 
Mda‑7/IL‑24 gene (pLenti6.3‑MCS‑Mda‑7/IL‑24) was 
synthesized by Invitrogen; Thermo Fisher Scientific, Inc. A 
pPACKH1™ Lentivector Packaging kit was purchased from 
System Biosciences (Palo Alto, CA, USA). A P38 MAPK 
inhibitor (SB203580) was purchased from Sigma‑Aldrich; 
Merck KGaA and dissolved in dimethyl sulfoxide [DMSO; 
the final concentration of DMSO in medium was <0.1% (v/v)] 
to yield a 1.0 mg/ml stock solution.

Transfection. Raji and Daudi cells were stably transfected 
with the lentiviral vector encoding the human Mda‑7/IL‑24 
gene using Lipofectamine 2000 and a pPACKH1 Lentivector 
Packaging kit. In brief, 2 days prior to transfection, 293T 
cells (1x106 cells/well) were cultured in 6‑well culture plates 
(Gibco; Thermo Fisher Scientific, Inc.) until they reached 70% 
confluency, and then the 293T cells were transfected with 
pLenti6.3‑MCS‑Mda‑7/IL‑24 and the lentivirus packaging 
plasmids (pPACKH1‑REV, pPACKH1‑GAG and pVSV‑G) 
using Lipofectamine 2000. Raji and Daudi cells were 
co‑cultured with the supernatants of 293T cells producing the 
Mda‑7/IL‑24 gene linked to a lentiviral vector and selected 
using a fluorescence activated cell sorting (FACSARIA II; BD 
Biosciences). The collected cells overexpressing Mda‑7/IL‑24 
were sub‑cultivated every 3 days. In addition, Raji and Daudi 
cells were stably transfected with the lentiviral vector alone as 
a negative control.

MTS assay. The effect of Mda‑7/IL‑24 on lymphoma 
cell viability was determined by MTS assay according 
to the manufacturer's protocol. Raji and Daudi cells 
(1x105 cells/well) were seeded into 96‑well plates with 200 µl 
RPMI‑1640 containing 10% FCS. After incubation for 24, 
48, 72 or 96 h at 37˚C, 10 µl MTS solution (5 mg/ml in PBS) 
was added to the cells, which were incubated for 4 h again. 
The absorbance at 492 nm was measured with a microplate 
reader (Titertek Multiskan, North Ryde, Australia) to assess  
cell viability.

Flow cytometry (FCM). To assess the effect of Mda‑7/IL‑24 
on apoptosis, FCM was performed to analyze the Raji and 
Daudi cells incubated with Annexin V‑FITC and 7‑AAD 
double staining. To analyze the cell cycle distribution of 
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Raji and Daudi cells, single‑cell suspensions of the two 
lymphoma cell lines (1x106 cells/sample) were treated with 
RNaseA and then fixed in 70% ethanol overnight at 4˚C. 
After staining with propidium iodide at room temperature 
for 15 min, the cells were resuspended in ice‑cold PBS, and 
were analyzed using a flow cytometer (FACS Caliber™,  
BD Biosciences).

The effect of Mda‑7/IL‑24 on the immunophenotype 
of lymphoma cells was also assessed by FCM. Briefly, 
the single‑cell suspensions of Raji and Daudi cells 
(1x106 cells/sample) were incubated with CD10‑FITC and 
CD45‑APC (or CD138‑FITC and CD19‑APC) double staining 
at room temperature and analyzed by flow cytometry. Data 
were analyzed with CellQuest Proversion 5.1 software (BD 
Biosciences) and are expressed as the mean ± standard devia-
tion of three independent experiments.

Western blotting. The cultured lymphoma cells were lysed in 
500 µl RIPA lysis buffer (1% Triton X‑100, 150 mM NaCl, 
10 mM Tris‑HCl at pH 7.4, 1 mM EDTA, 1 mM EGTA at pH 8.0, 
0.2 mM Na 3 VO 4, 0.2 mM phenylmethyl sulphonyl fluoride 
and 0.5% NP‑40). The protein concentration in the lysates 
was determined by BCA assay. The lysates (40 µg per well of 
the SDS‑PAGE gels) were separated by SDS‑PAGE and were 
transferred onto polyvinylidene difluoride (PVDF) membranes. 
The PVDF membranes were blocked in PBS with 5% bovine 
serum albumin (Gibco; Thermo Fisher Scientific, Inc.) for 2 h 
at room temperature, followed by overnight incubation with 
specific dilutions of the primary antibodies at 4˚C, including 
antibodies against Mda‑7/IL‑24 (1:1,000), P38 (1:1,000), p‑P38 
(1:1,000), MMP2 (1:1,000), MMP9 (1:2,000), Blimp1 (1:1,000), 
Bcl6 (1:1,000), C‑myc (1:2,000), N‑myc (1:1,000) and β‑actin 
(1:5,000). The PVDF membranes were visualized in the Odyssey 
infrared imaging system, after incubation with horseradish 
peroxidase‑conjugated goat anti‑rabbit secondary antibodies 
(cat no. 29527; 1:5,000; Rockland). The levels of protein in each 
sample were calculated as the ratio of the intensity of protein to 
those of β‑actin, using Odyssey version 3.0 software (LI‑COR 
Biosciences, Lincoln, NE, USA).

Tumor cell invasion and migration assays. Effects of 
Mda‑7/IL‑24 on cell invasion and migration were assessed 
using Transwell assays in a 24‑well Transwell chamber 
(Collaborative Biomedical, Becton Dickinson Labware, 
Bedford, MA), which was precoated with Matrigel (for 
invasion assays) or without Matrigel (for migration assays). 
In brief, Raji and Daudi cells (2x105 cells/well) were seeded 
in the upper chambers and incubated in 500  µl RPMI 
without FBS, while 500 µl medium in the lower chamber 
contained 10% FBS as chemoattractant. The plates were 
incubated for 24  h in a 5% CO2 humidified incubator 
at 37˚C. The cells on the lower side of the filters were 
stained with 0.5% crystal violetat room temperature and 
were counted at x200 magnification in 5 random fields  
of each filter.

Statistical analysis. Statistical analysis was conducted with 
SPSS software package version 13.0 (SPSS, Inc., Chicago, IL, 
USA). All data are presented as the mean ± standard deviation 
of at least three independent experiments, and analyzed by 

one‑way analysis of variance followed by Tukey's post hoc test 
for multiple comparisons. A P<0.05 was considered to indicate 
a statistically significant difference.

Results

Mda‑7/IL‑24 can inhibit proliferation, but not induce apop‑
tosis of B lymphoma cells. Firstly, Mda‑7/IL‑24 expression 
was assessed in Raji and Daudi cells by western blotting. The 
expression of Mda‑7/IL‑24 protein was weakly detectable in 
parent cells and cells transfected with the lentiviral vector 
alone. In contrast, the expression level of Mda‑7/IL‑24 protein 
was significantly upregulated in lymphoma cells transfected 
with Mda‑7/IL‑24 (Fig. 1A).

MTS assay was performed to investigate the effect of 
Mda‑7/IL‑24 on growth of Raji and Daudi cells. As presented 
in Fig. 1B, Mda‑7/IL‑24 overexpression significantly inhibited 
proliferation of lymphoma cells, compared with parent cells 
and cells transfected with the empty vector.

To further determine the inhibition effect of Mda‑7/IL‑24 
on B lymphoma cells, FCM was performed to analyze 
whether Mda‑7/IL‑24 overexpression induced Raji and Daudi 
cell apoptosis. As presented in Fig. 1C, no difference in the 
percentage of Annexin V‑FITC‑positive cells was observed in 
Raji and Daudi cells overexpressing Mda‑7/IL‑24, indicating 
that the growth inhibition observed in these lymphoma cells 
was not due to induction of cell apoptosis.

The results of FCM also revealed that the percentage 
of cells in G0/G1 phase was increased, and cells in S 
phase were decreased in Raji and Daudi cells over-
expressing Mda‑7/IL‑24, revealing that Mda‑7/IL‑24 
significantly induced the G0/G1 phase arrest in B lymphoma  
cells (Fig. 1D).

Effect of Mda‑7/IL‑24 on differentiation of Raji and Daudi cells. 
In order to explore the function of Mda‑7/IL‑24 in inducing 
differentiation of B lymphoma cells, FCM was performed to 
observe the immunophenotype changes of Raji and Daudi cells. 
It is well known that CD10, CD19, CD45 and CD138 are B 
lymphocyte differentiation‑associated cell surface antigens (14). 
Therefore, expression of these markers in Raji and Daudi was 
monitored using FCM. As presented in Fig. 2A, overexpressing 
Mda‑7/IL‑24 resulted in significantly decreased expression 
of the immature B lymphocyte surface marker CD10, and 
increased expression of the hematopoietic cell mature marker 
CD45 and the plasma cell marker CD138, but there were no 
changes in expression of CD19 in Raji and Daudi cells, compared 
with both non‑transfected and empty vector‑transfected cells. 
These data indicated that Raji and Daudi cells overexpressing 
Mda‑7/IL‑24 may be induced to terminal differentiation of  
B lymphocyte.

In addition, overexpression of C‑myc and N‑myc is consid-
ered as a malignant biomarker of various tumors, including 
lymphoma. The results of western blotting assay also demon-
strated that the expression of C‑myc and N‑myc were all 
decreased in Raji and Daudi cells overexpressing Mda‑7/IL‑24 
(Fig.  2B), indicating that the malignant phenotype of B 
lymphoma cells was mitigated.

In summary, these results revealed that Mda‑7/IL‑24 has an 
ability to induce Raji and Daudi cell terminal differentiation.
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Mda‑7/IL‑24 inhibits migration and invasion of Raji and 
Daudi cells in vitro. Metastasis is an important malignant 
feature of lymphoma cells. Migration and invasion assays 

demonstrated that the numbers of cells migrating into 
Transwell filters were significantly reduced in Raji and Daudi 
cells overexpressing Mda‑7/IL‑24 (Fig. 3A). In addition, the 

Figure 1. Levels of expression Mda‑7/IL‑24 in different clones of stably transfected lymphoma cells, and effect of Mda‑7/IL‑24 on proliferation and apoptosis 
of Raji and Daudi cells. Control, parent cell lines; cell lines; vector, cells stably transfected with vector alone; Mda‑7/IL‑24 groups, cells stably transfected 
with vector expressing Mda‑7/IL‑24. (A) Mda‑7/IL‑24 protein expression analyzed by western blotting. β‑actin served as a loading control. (B) Proliferation 
of cells. (C) Annexin V‑FITC staining of cells. (D) Cell cycle analysis, as assessed by flow cytometry. Data are presented as the mean ± standard deviation 
of three independent experiments. *P<0.05, **P<0.01 vs. control and vector groups. OD, optical density; 7‑AAD, 7‑aminoactinomycin D; FITC, fluorescein 
isothiocyanate; Mda‑7/IL‑24, melanoma differentiation associated gene7/interleukin‑24.
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MMP family serves a key role in metastasis of malignant 
cells. As expected, MMP2 and MMP9 protein expression 

levels were decreased in Raji and Daudi cells overexpressing 
Mda‑7/IL‑24 (Fig. 3B).

Figure 2. Induction of differentiation by Mda‑7/IL‑24 in stably transfected lymphoma cells. (A) Effect of Mda‑7/IL‑24 on the immunophenotype of Raji and 
Daudi cells, as detected by flow cytometry analysis. (B) Protein expression levels of C‑myc and N‑myc, two malignant markers of tumors, in Raji and Daudi 
cells overexpressing Mda‑7/IL‑24, asdetermined by western blotting. β‑actin served as a loading control. Data are presented as the mean ± standard deviation 
of three independent experiments. *P<0.05, **P<0.01 vs. control and vector groups. FITC, fluorescein isothiocyanate; Mda‑7/IL‑24, melanoma differentiation 
associated gene7/interleukin‑24; APC, allophycocyanin; CD, cluster of differentiation.
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Taken together, these results indicated that Mda‑7/IL‑24 
is capable of inhibiting the malignant phenotype of Raji and 
Daudi cells.

Influence onBlimp1 and Bcl6 expression may be involved in 
Mda‑7/IL‑24‑induced differentiation of Raji and Daudi cells. 
To determine the underlying mechanism that may account for 
the Mda‑7/IL‑24‑mediated differentiation‑inducing effect in B 
lymphoma cells, the present study investigated alterations in 
the expression levels of differentiation‑inducing proteins. As 
Blimp1 and Bcl6 are key proteins associated with the induction 

of terminal differentiation of B lymphocyte (14), their expres-
sion levels were analyzed in Raji and Daudi cells transfected 
with Mda‑7/IL‑24. The results revealed that the expression 
of Bcl6 protein was decreased, whereas the expression of 
Blimp1 was increased in the lymphoma cells overexpressing 
Mda‑7/IL‑24 (Fig 4). It has been reported that the terminal B 
cell gene‑expression program is induced by loss Bcl6 and by 
the subsequent increased levels of Blimp1 (15). These results 
revealed that the differentiation‑inducing proteins Blimp1 and 
Bcl6 may be involved in the Mda‑7/IL‑24‑mediated differenti-
ation‑inducing effect.

Figure 3. Effects of Mda‑7/IL‑24 on the migration and invasion ability of Raji and Daudi cells (x200 magnification). (A) Representative Transwell and Matrigel 
assay images, and quantification of migrated and invaded cells. (B) Western blotting of the protein expression levels of MMP2 and MMP9 in Raji and Daudi 
cells. β‑actin served as an internal loading control. Data are presented as the mean ± standard deviation of three independent experiments. **P<0.01 vs. control 
and vector groups. Mda‑7/IL‑24, melanoma differentiation associated gene7/interleukin‑24.
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To further address the signaling pathway influenced by 
Mda‑7/IL‑24, the effect of Mda‑7/IL‑24 on the activity of the 
P38 MAPK signaling pathway that is involved in regulating 
expression of Blimp1 and Bcl6 expression was assessed. As 
presented in Fig. 4, the expression of p‑P38 was increased 
significantly in Raji and Daudi overexpressing Mda‑7/IL‑24, 
suggesting that Mda‑7/IL‑24 can upregulate the activities 
of P38 MAPK signaling pathway. Previous reports have 
suggested that Blimp1 is positively, while Bcl6 is negatively 
regulated by the P38 signaling pathway (15‑17). Therefore, 
P38 signaling pathway activation may be an important event 
during lymphoma cell differentiation induced by Mda‑7/IL‑24.

Furthermore, to elucidate the underling mechanism of the 
P38 signaling pathway in Mda‑7/IL‑24‑induced cell differen-
tiation, a specific P38 MAPK inhibitor was used to examine 
proliferation and differentiation of Raji and Daudi cells. Raji 
and Daudi cells were pre‑treated with the specific P38 MAPK 
inhibitor SB203580 (20 µM) for 1 h before transfection. As 
presented in Fig. 5A, SB203580 had no significant effect on 
proliferation of Raji and Daudi cells transfected with the 
vector alone. However, SB203580 impeded the growth arrest 
induced by Mda‑7/IL‑24. Furthermore, inhibition of the P38 
MAPK pathway by SB203580 markedly decreased the expres-
sion of CD45 and CD138, while increased the expression of 
CD10 in Raji and Daudi cells overexpressing Mda‑7/IL‑24 
(Fig. 5B). Furthermore, the expression level of C‑myc, N‑myc 
and Bcl6 were upregulated, while the expression level of p‑P38 
and Blimp1 was downregulated significantly by SB203580 in 
Raji and Daudi cells overexpressing Mda‑7/IL‑24 (Fig. 6). 
Collectively, the above results suggested that the activated P38 

MAPK signaling pathways induced by Mda‑7/IL‑24 may be 
the key factor regulating the terminal differentiation of Raji 
and Daudi cells.

Discussion

Previous studies have reported that Mda‑7/IL‑24 could induce 
terminal differentiation in human AML cell lines  (3), but 
whether it serves a similar role in lymphoma cells has not been 
elucidated. The present study revealed that transfection of 
Mda‑7/IL‑24 induced mature differentiation of Raji and Daudi 
lymphoma cells, which were characterized by proliferation 
inhibition, cell cycle arrest, cell surface antigens changes and 
decreased expression of malignant markers.

In the present study, the results of the MTS assay demon-
strated that transfection with endogenous Mda‑7/IL‑24 
can significantly inhibit growth of Raji and Daudi cells. 
Additionally, there was no significant increase of apoptosis 
level in the two lymphoma cells overexpressing Mda‑7/IL‑24, 
suggesting that inducing apoptosis may not be involved in the 
proliferation inhibition of Raji and Daudi cells by Mda‑7/IL‑24.

The cell cycles of Raji and Daudi cells were arrested in 
G0/G1 phase. The results of FCM also revealed that overex-
pression of Mda‑7/IL‑24 resulted in the significantly decreased 
expression of CD10, and increased expression of CD45 and 
CD138, but no changes inexpression of the specific B cell 
surface antigen CD19 in Raji and Daudi cells. These data 
revealed that Raji and Daudi cells overexpressing Mda‑7/IL‑24 
may be induced to terminal differentiation of B lymphocytes. 
In addition, it has been reported that the increased expression 

Figure 4. Effects of Mda‑7/IL‑24 on the expression of proteins associated with differentiation and the P38 mitogen activated protein kinase signaling pathway 
in Raji and Daudi cells. Western blotting of the protein expression levels of Blimp1, Bcl6, P38 and p‑P38 in Raji and Daudi cells. β‑actin served as an internal 
loading control. Data are presented as the mean ± standard deviation of three independent experiments. **P<0.01 vs. control and vector groups. Mda‑7/IL‑24, 
melanoma differentiation associated gene7/interleukin‑24; Blimp1, PR domain zinc finger protein 1; Bcl6, B‑cell lymphoma 6; p, phosphorylated.
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of C‑myc and N‑myc will lead to cell malignant prolifera-
tion and neoplastic changes through activation of oncogenic 
signaling in tumor cells (18,19). Furthermore, the overexpres-
sion of C‑myc and N‑myc is widely observed ina variety of 
malignancies, including B cell lymphoma, and much studies 
have demonstrated that elevated expression of C‑myc and 
N‑myc blocks differentiation (18‑20). Therefore, C‑myc and 
N‑myc can be widely used as malignant biomarkers of cancers. 
In the present study, the expression levels of C‑myc and N‑myc 
were both downregulated significantly in Raji and Daudi cells 
overexpressing Mda‑7/IL‑24, suggesting that the malignant 
phenotype of the two cell lines was mitigated by Mda‑7/IL‑24. 
Additionally, the migration and invasion abilities of Raji and 
Daudi cells overexpressing Mda‑7/IL‑24 were all decreased, 
also confirming the relative benign phenotype exhibited in 
lymphoma cells overexpressing Mda‑7/IL‑24.

To determine the mechanism that may account for 
Mda‑7/IL‑24‑mediated differentiation induction effect, the 
present study analyzed the expression of various differenti-
ation‑associated proteins in Raji and Daudi cells transfected 
with Mda‑7/IL‑24. Abnormal levels of expression of Blimp1 
and Bcl6 are important in regulating differentiation of B 
lymphoma (15). Blimp1 is a master protein regulating the tran-
scriptional network that improves B cell terminal differentiation. 
Bcl6 functions opposite to Blimp1 in regulating differentia-
tion of B lymphocytes, and it can inhibit and block terminal 
differentiation of B lymphocytes (20‑23). High expression of 
Bcl6 in B cell lymphoma tissues has been associated with poor 
differentiation grade (24,25). Thus, Mda‑7/IL‑24‑mediated 
differentiation induction effect may be associated with upregula-
tion of Blimp1 and downregulation of Bcl6 expression in Raji and  
Daudi cells.

Figure 5. Effects of the P38 mitogen activated protein kinase inhibitor SB302580 on Mda‑7/IL‑24‑mediated proliferation inhibition and differentiation of Raji 
and Daudi cells. (A) Effect of SB302580 on proliferation inhibition of Raji and Daudi cells induced by Mda‑7/IL‑24. (B) Effect of SB302580 on the expression 
of CD10, CD45 and CD138 in Raji and Daudi cells overexpressing Mda‑7/IL‑24. Data are presented as the mean ± standard deviation of three independent 
experiments. *P<0.05, **P<0.01 vs. control and vector groups; ##P<0.01 vs. Mda‑7/IL‑24 group. FITC, fluorescein isothiocyanate; Mda‑7/IL‑24, melanoma 
differentiation associated gene7/interleukin‑24; APC, allophycocyanin; CD, cluster of differentiation; OD, optical density.
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Furthermore, the present study assessed the activities of 
the P38 MAPK signaling pathway in Raji and Daudi cells 
transfected with endogenous Mda‑7/IL‑24. It is well known 
that the activity of P38 MAPK pathway serves key role in 
regulating the expression of Blimp1 and Bcl6 proteins (20,23). 
A previous study indicated that activation of the P38 MAPK 
signaling pathway resulted in increased expression of Blimp1 
and decreased expression of Bcl6, and that increased activity 
of the P38 MAPK pathway was detected in various solid 
tumor cells overexpressing Mda‑7/IL‑24 (23). In the present 
study, overexpressing Mda‑7/IL‑24 also resulted in a similar 
effecton B lymphoma cells. Additionally, blocking the P38 
MAPK pathway using SB203580 markedly impeded Raji 
and Daudi cell differentiation induced by Mda‑7/IL‑24. 
Therefore, Mda‑7/IL‑24‑induced activation of the P38 MAPK 
signaling pathway in Raji and Daudi cells overexpressing 
Mda‑7/IL‑24maybe a key factor in improving the differentia-
tion of B lymphoma cells.

In conclusion, the present study demonstrated that 
Mda‑7/IL‑24 can induce mature differentiation of B lymphoma 
cells by regulating the expression of Blimp1 and Bcl6 via the 
P38 MAPK signaling pathway. Therefore, Mda‑7/IL‑24 may 
be a potential differentiationtherapeutic agent for the clinical 
treatment of B cell lymphoma.
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