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Abstract. Interleukin-24 (IL-24) is a cytokine encoded by a 
tumor suppressor gene of the IL-10 family, also known as the 
melanoma differentiation associated gene-7 (Mda-7) and first 
discovered in human melanoma cells. Mda-7/IL-24 has been 
shown to inhibit the proliferation of various human tumor 
cell lines, but its effect on the sensitivity of B cell lymphoma 
to chemotherapy agents is not yet clear. The present study 
investigated the effects of Mda-7/IL-24 overexpression on the 
sensitivity of human B cell lymphoma cells to chemotherapy, 
as well as its mechanism of action. The sensitivity of stable 
Mda-7/IL-24 overexpressing Raji and Daudi cells to cis-diam-
minedichloroplatinum (CDDP), epirubicin and vinblastine 
(VCR) were assessed by the MTS method, and the IC50 value 
calculated. Cell apoptosis and the intracellular accumula-
tion of Rhodamine-123 were assayed by flow cytometry. 
The expression of multidrug resistance gene  1 (MDR1), 
B-cell-specific Moloney murine leukemia virus insertion 
site  1 (BMI1), topoisomerase  II (Topo  II) and multidrug 
resistance-related protein 1 (MRP1) mRNA and protein were 
analyzed by reverse transcription quantitative polymerase 
chain reaction (RT-qPCR) and western blotting, respectively. 
In addition, western blot analysis was also used to investigate 
the effect of Mda-7/IL-24 on activity of GTP-RhoA-ERK 
signaling pathway in Raji and Daudi cells. Growth inhibition 

and apoptosis rates of Mda-7/IL-24 overexpressing Raji and 
Daudi cells were higher than those of non-transfected cells 
and cells transfected with vector alone when treated with 
CDDP, epirubicin and VCR. The IC50 values of CDDP, epiru-
bicin and VCR were lower for Mda-7/IL-24-overexpressing 
Raji and Daudi cells than for non-transfected cells and cells 
transfected with empty vector. Intracellular accumulation of 
Rhodamine-123 and the expression of Topo II were higher, 
while the levels of MDR1, BMI and MRP1 mRNA and protein 
were lower, in Mda-7/IL-24 overexpressing Raji and Daudi 
cells. Furthermore, the activities of GTP-RhoA-ERK signaling 
pathway in Raji and Daudi cells were suppressed. These 
results indicated that Mda-7/IL-24 enhanced the sensitivity 
of B lymphoma cells to chemotherapy agents by altering the 
expression of multidrug-resistance genes via downregulating 
GTP-RhoA-ERK signaling pathway, suggesting that treatment 
of B cell lymphomas with Mda-7/IL-24 could avoid MDR.

Introduction

Lymphoma is a common hematopoietic malignancy originating 
from lymphoid system. Based on their immunophenotypes, 
most lymphomas are B cell type (1). Although chemotherapy 
remains the treatment of choice for B cell lymphoma, the 
main barrier to its success is the development of multidrug 
resistance (MDR), by which tumors become insensitive to 
multiple chemotherapeutic agents after exposure to one (2). 
Tumor development of MDR is thought to be due to their 
overexpression of MDR-related genes. Several novel factors, 
including a defective apoptosis pathway, the pump effect of 
MDR-related proteins on drugs, and enhanced DNA repair 
activity, have been found to play critical roles in the develop-
ment of MDR. Since MDR is a primary cause of the clinical 
failure of chemotherapy, there is an urgent need to identify 
novel and more effective strategies to prevent drug resistance. 
Investigation of the mechanisms underlying MDR may iden-
tify chemosensitizers for clinical application in patients with 
B cell lymphoma.

Interleukin-24 (IL-24), a novel member of the IL-10 family 
of cytokines also called melanoma differentiation associated 
gene-7 (Mda-7), was first identified in human melanoma 
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cells (3-5). IL-24 expression was found to be lost in a broad 
spectrum of malignant tumors, including hematopoietic 
malignancies, whereas overexpression of this gene resulted 
in ubiquitous growth inhibition, induction of apoptosis, 
reversal of malignant phenotypes and terminal differentia-
tion in a variety of tumors (5-7). Recently, overexpression of 
Mda-7/IL-24 was reported to result in the apoptosis of various 
cancer cells, including lung, hepatoma, pancreatic, breast, 
melanoma and prostatic carcinoma, but to have no harmful 
effects on normal cells  (7-9). Mda-7/IL-24 was found to 
reverse MDR and enhance sensitivity to chemotherapy drugs 
of human colorectal and hepatocellular carcinomas. This 
ability of Mda-7/IL-24 to reverse MDR in solid tumors led 
to our hypothesis, that overexpression of Mda-7/IL24 may 
sensitize human B lymphoma cells to chemotherapy.

The present study reports, for the first time, that Mda-7/
IL-24 sensitized B lymphoma cells lines to treatment with 
the chemotherapy agents cis-diamminedichloroplatinum 
(CDDP), epirubicin and vinblastine (VCR) resulting in 
significantly higher percentages of apoptotic cells. The 50% 
inhibitory concentrations (IC50) of these chemotherapy drugs 
were significantly lower in lymphoma cells overexpressing 
Mda-7/IL-24 than in those that were not. Moreover, the 
expression of multidrug resistance protein 1 (MDR1), multi-
drug resistance-related protein 1 (MRP1), and B-cell-specific 
moloney murine leukemia virus insertion site 1 (BMI1) was 
lower, whereas topoisomerase  II (Topo II) expression was 
higher, in lymphoma cells overexpressing Mda-7/IL-24. 
Furthermore, the activities of ERK signaling pathway in Raji 
and Daudi cells overpressing Mda-7/IL-24 were suppressed. 
These results suggest that the combination of chemotherapy 
drugs and Mda-7/IL-24 may be a potential clinical strategy to 
avoid MDR in patients with B cell lymphoma.

Materials and methods

Cell lines and regents. The human B lymphoma cells Raji 
and Daudi were obtained from the Research Center of the 
Fourth Hospital of Hebei Medical University (Hebei, China) 
and cultured in RPMI-1640 medium (Sigma, St. Louis, MA, 
USA) supplemented with 10% fetal calf serum (FCS; Gibco, 
Grand Island, NY, USA) in a 5% CO2 humidified incubator at 
37˚C. MTS and Rhodamine-123 were obtained from Sigma. 
Annexin V‑FITC and 7-AAD double stain kit was purchased 
from BD Pharmingen (San  Diego, CA, USA). Antibodies 
to total p44/42 MAPK (ERK  1/2), pho-p44/42 MAPK 
(p-ERK 1/2) and GTP-RhoA were all purchased from Cell 
Signaling Technology, Inc. (Beverly, MA, USA). Antibodies 
against Mda-7/IL-24, P-gp, MRP1, BMI1, Topo II and β-actin 
were purchased from Abcam (Cambridge, MA, USA). TRIzol 
reagent was purchased from Invitrogen (Carlsbad, CA, USA). 
GoTaq® qPCR Master Mix was purchased from Promega 
(Madison, WI, USA). RevertAid™ First Strand cDNA 
Synthesis kit was purchased from MBI Fermentas (Hanover, 
MD, USA). CDDP was purchased from Qilu Pharmaceutical 
Co., Ltd. Shandong, China (lot no.  1WA2A1501008). 
Epirubicin was purchased from Hisun Pharmaceutical Inc., 
Zhejiang, China (lot no.  1140102A). VCR was purchased 
from Shenzhen Main Luck Pharmaceuticals Inc., Guangdong, 
China (lot no. 1406V3).

Transfection of lymphoma cells. Raji and Daudi cells were 
transfected with the Mda-7/IL-24 gene linked to a lentiviral 
vector. Briefly, Raji and Daudi cells were cultured with super-
natants of 293T cells producing lentiviral vector encoding the 
human Mda-7/IL-24 gene and selected in the presence of G418 
(500 µg/ml). As a control, Raji and Daudi cells were trans-
fected with vector alone.

MTS assay. Raji and Daudi cells (1x105/200 µl/well) were 
seeded into 96-well plates (Gibco). After 24 h, 10 µl MTS 
solution [5 mg/ml in phosphate-buffered saline (PBS)] were 
added to each well and the plates incubated for 4 h. The absor-
bance value (OD value) of each well was measured at 492 nm 
on an ELISA microplate reader set. The inhibition rate (%) 
of chemotherapy drugs was calculated as: [(OD value control 
group  -  OD value experimental group)/OD value control 
group] x 100%.

Flow cytometry. To investigate apoptosis, single-cell suspen-
sions of Raji and Daudi cells (1x106  cells/sample) were 
resuspended in ice-cold PBS, with the volume adjusted to 1 ml 
with PBS. The cells were incubated with Annexin V‑FITC and 
7-AAD double stain according to the manufacturer's instruc-
tions and analyzed using a flow cytometer (FACSCalibur™; 
Becton-Dickinson, USA). Data were analyzed with 
CellQuest Pro software (FACSCalibur™; BD) and expressed 
as the mean ± standard error of the mean of three independent 
experiments.

Western blot analysis. Raji and Daudi cells were lysed with 
250  µl of lysis buffer (1% Triton  X-100, 150 mM NaCl, 
10  mM Tris-HCl, pH  7.4, 1  mM EDTA, 1  mM EGTA, 
pH 8.0, 0.2 mM Na3VO4, 0.2 mM phenylmethylsulfonyl-
fluride and 0.5% NP-40). The lysates were subjected to 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and were electrotransferred onto a polyvinyli-
dene difluoride membrane. The membranes were incubated 
in PBS containing 5% bovine serum albumin for 2  h at 
room temperature, followed by overnight incubation at 4˚C 
with 1:1,000 dilutions of the primary antibodies, including 
antibodies to Mda-7/IL-24, P-gp, MRP1, BMI1, Topo  II, 
GTP-RhoA, Total-ERK1/2, p-ERK1/2 and β-actin Ab. 
The membranes were developed with the Odyssey infrared 
imaging system according to the manufacturer's instructions. 
The levels of protein in each sample were normalized rela-
tive to those of β-actin. Each experiment contained triplicate 
wells of each sample and all experiments were repeated at 
least three times.

RNA preparation and reverse transcription quantitative poly‑
merase chain reaction (RT‑qPCR) analysis. Total RNA was 
extracted from Raji and Daudi cells using TRIzol reagent 
according to the manufacturer's directions. RNA concentra-
tion was routinely measured spectrophotometrically and 
its quality was evaluated by visualization after agarose gel 
electrophoresis and ethidium bromide staining. First strand 
cDNAs were generated from one microgram aliquots of total 
RNA using RevertAid™ First Strand cDNA Synthesis kit 
and incubation at 42˚C for 60 min. The resultant cDNAs were 
amplified by RT-qPCR using GoTaq® qPCR Master Mix and 
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specific primers for MDR1, MRP1, BMI1, Topo II and β-actin 
(Shanghai Generay Biotech; Table I), with the latter used as an 
internal control. PCR products were separated on 2% agarose 
gels and visualized by ethidium bromide staining. The relative 
level of expression of each target gene was assessed by the 

2-ΔΔCt method, where ΔΔCt = (Ct target gene of experimental 
group - Ct β-actin of experimental group) - (Ct target gene of 
control group - Ct β-actin of control group).

Intracellular accumulation of Rhodamine-123 in lymphoma 
cells. To assess the eff lux of MDR-related proteins, 
Rhodamine-123 exclusion assays were performed. Single‑cell 
suspensions of Raji and Daudi cells were resuspended in 
ice-cold PBS, washed twice with PBS and co-cultured with 
Rhodamine-123 (5 mg/ml) for 35 min. The cells were again 
washed and analyzed using a FACScan flow cytometer to 
determine the intensity of fluorescence. Data were analyzed 
by CellQuest Pro software.

Statistical analysis. All statistical analyses were performed 
using SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). 
Differences were assessed by one‑way analysis of variance, 
with Student's t-tests used to compare two independent 
samples. P<0.05 was considered statistically significant. The 
IC50 values of Raji and Daudi cells were calculated by origin 5 
software (OriginLab, Northampton, MA, USA). All data are 
expressed as the mean ± standard deviation. Results shown 
in the images are representative of at least three independent 
experiments.

Results

Expression of Mda-7/IL-24 in human Raji and Daudi 
lymphoma cell lines. Mda-7/IL-24 mRNA and protein were 

Figure 1. Levels of expression of Mda-7/IL-24 in different clones of stably transfected Raji and Daudi cells. Control groups, parent cell lines; vector groups, 
cells stably transfected with vector alone; Mda-7/IL-24 groups, cells stably transfected with vector expressing Mda-7/IL-24. (A) RT-qPCR analysis of Mda-7/
IL-24 mRNA expression. (B) Mda-7/IL-24 protein expression analyzed by western blotting; blots were subsequently incubated with antibody to β-actin as a 
loading control. The results shown are representative of three independent experiments with similar results. **P<0.01 compared with control and vector groups.

Table I. Primer sequences for the reverse transcription quanti-
tative polymerase chain reaction.

Gene	 Primer sequence	 (˚C)a

Mda-7/IL-24	 F	 5'-CGACAGCCTCTCAAATGCAG-3'	 60
	 R	5'-GCTCTCCGGAATAGCAGAAACC-3'
β-actin	 F	 5'-GTTGTGATGGGTTCTGA-3'	 60
	 R	5'-GAGCAATAGCGTCTGTG-3'
MRP1	 F	 5'-CGCTGAGTTCCTGCGTACC-3'	 60
	 R	5'-TCTGCGGTGCTGTTGTGG-3'
MDR1	 F	 5'-CAGAGGGGATGGTCAGTGTT-3'	 60
	 R	5'-CGTGGTGGCAAACAATACAG-3'
BMI1	 F	 5'-AAATGCTGGAGAACTGGAAAG-3'	 60
	 R	5'-AACTGTGGATGAGGAGACTG-3'
Topo II	 F	 5'-GGCTCGATTGTTATTTCCAC-3'	 60
	 R	5'-GGTTGTAGAATTAAGAATAGC-3'

aAnnealing temperature; F, forward; R, reverse.
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assayed in parent Raji and Daudi cells (control), in cells 
transfected with vector alone, and in cells overexpressing 
Mda-7/IL-24 by RT-qPCR and western blotting, respec-
tively. The expression of Mda-7/IL-24 mRNA and protein 
was weakly detectable in control cells and cells transfected 
with empty vector. In contrast, Mda-7/IL-24 overexpressing 
cell lines showed significantly increased expression of both 
Mda-7/IL-24 mRNA and protein (Fig. 1).

Mda-7/IL-24 retards proliferation and enhances the sensi‑
tivity of B lymphoma cells to chemotherapeutic agents. To 
investigate the effect of Mda-7/IL-24 on proliferation and 
chemotherapy sensitivity of B lymphoma cells, MTS assays 
were performed. As shown in Fig.  2A, transfection with 
Mda-7/IL-24 significantly induced growth suppression in Raji 
and Daudi cells overexpressing Mda-7/IL-24, compared with 
non-transfected cells and cells transfected with vector alone. 

Figure 2. Ability of Mda-7/IL-24 to retarded proliferation and enhance the chemosensitivity of Raji and Daudi cells to anticancer drugs. (A) The significantly 
lower absorbance value (OD value) was observed in Raji and Daudi cells overexpressing Mda-7/IL-24 than non-transfected cells and cells transfected with 
vector alone for 48, 72 and 96 h, and there were no significant differences between the latter two cultures. (B) The chemotherapy drugs CDDP, epirubicin and 
VCR dose-dependently inhibited lymphoma cell proliferation over 24 h. Cells overexpressing Mda-7/IL-24 were more sensitive to chemotherapy drugs than 
non-transfected and vector-transfected cells. (C) IC50 values of CDDP, epirubicin and VCR were lower in Raji and Daudi cells transfected with Mda-7/IL-24 
than in non-transfected and vector-transfected cells (P<0.05). Absorbance values and IC50 values are presented as the means ± SD from three independent 
experiments. *P<0.05, **P<0.01 compared with control and vector groups.
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We further explored whether Mda-7/IL-24 had chemosensi-
tizing effects on B lymphoma cells. As shown in Fig. 2, the 
proliferation of the two lymphoma cell lines over 24 h was 
dose-dependently inhibited by CDDP, epirubicin and VCR, 
with significantly higher inhibition observed in Raji and Daudi 
cells overexpressing Mda-7/IL-24 than in non-transfected 
cells and cells transfected with vector alone (Fig. 2A and B). 
The IC50 values of CDDP, epirubicin and VCR were lower 
in cells overexpressing Mda-7/IL-24 than in non-transfected 
cells and cells transfected with empty vector (Fig. 2C). These 
results suggested that Mda-7/IL-24 can retard proliferation of 
B lymphoma cells, and enhance the sensitivity of B lymphoma 
cells to chemotherapy drugs.

To further determine the potential chemosensitizing 
effects of Mda-7/IL-24, flow cytometry was performed to 
investigate whether overexpressing Mda-7/IL-24 induced 
Raji and Daudi cell apoptosis. As shown in Fig. 3, no differ-
ence in the percentage of Annexin  V‑FITC‑positive cells 
was observed between the cell lines of Raji and Daudi with 
and without Mda-7/IL-24 expression using stable transfec-
tion methods, compared with non-transfected cells and cells 
transfected with vector alone, this finding suggested that the 
growth suppression observed in these cells was not due to an 
increase in cell death. However, when Raji and Daudi cells 

were treated with CDDP, epirubicin and VCR, the percentage 
of Annexin V‑FITC‑positive cells was significantly higher in 
cells overexpressing Mda-7/IL-24 than in non-transfected and 
vector-transfected cells, and there was no significant differ-
ence between the latter two cultures. Those results indicate 
that apoptosis may not be involved in Mda-7/IL-24‑induced 
growth inhibition of Raji and Daudi cells, but Mda-7/IL-24 
promotes the apoptosis of Raji and Daudi cells treated with 
chemotherapeutic agents, so that Mda-7/IL-24 is a strong 
chemosensitizer for B cell lymphoma.

The multidrug-resistance genes MDR1, MRP1, BMI1 and 
Topo  II may be involved in sensitivity of Mda-7/IL-24 
overpressing cells to chemotherapy drugs. To address 
the underlying mechanism that may be responsible for 
Mda-7/IL-24-mediated chemosensitizing effect, we analyzed 
the changes of multidrug-resistance genes expression. Since 
MDR1, MRP1, BMI and Topo II are genes associated with 
the induction of multi-drug resistance, their expression was 
assessed in Raji and Daudi overexpressing Mda-7/IL-24. Our 
results showed that the levels of expression of MDR1, MRP1 
and BMI1 mRNA and protein were reduced, whereas the 
levels of Topo II were increased, in lymphoma cells overex-
pressing Mda-7/IL-24 compared with both non-transfected and 

Figure 3. Induction of apoptosis by different chemotherapy drugs in stably transfected lymphoma cells. Raji and Daudi cells were treated without chemotherapy 
agent or with CDDP (0.5 µg/ml), epirubicin (0.25 µg/ml) or VCR (0.01 µg/ml) for 24 h. There was no difference in the percentage of Annexin V‑FITC‑positive 
cells between the cell lines of Raji and Daudi with and without Mda-7/IL-24 expression, when the cells were not treated with chemotherapy agent. However, 
when Raji and Daudi cells were treated with CDDP, epirubicin or VCR, the percentage of Annexin V‑FITC‑positive cells were significantly higher in cells 
transfected with Mda-7/IL-24 than in non-transfected and vector-transfected cells (P<0.01), and there was no significant difference between the latter two 
groups (P>0.05). Similar results were obtained in three independent experiments. **P<0.01, compared with the control and vector groups.
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vector‑transfected cells (Fig. 4A and B). Those results indicate 
that the multidrug-resistance genes MDR1, MRP1, BMI1 and 
Topo II may be involved in sensitivity of overpressing cells to 
chemotherapy drugs.

To further determine the signaling pathway influenced by 
Mda-7/IL-24, the effects of Mda-7/IL-24 on the activity of ERK 
signal that is involved in regulating expression of MDR-related 
genes was evaluated. As shown in Fig. 5, the expression levels 
of total ERK1/2 and p-ERK1/2 were significantly decreased 
in Raji and Daudi overexpressing Mda-7/IL-24. It suggested 
that Mda-7/IL-24 can suppress the activity of ERK signaling 
pathway. Several reports have shown that MDR-related 
proteins including P-gp, MRP1 and BMI1 are positively regu-
lated by the ERK pathway and blockade of the ERK pathway 
can suppress their expression (10-13). Thus, ERK signaling 
pathway may be a potential drug target for circumventing 
MDR. Furthermore, it is well known that GTP-RhoA signaling 
pathway is upstream of the ERK signaling pathway (14,15). 

Western blot assay showed that expression of GTP-RhoA was 
also influenced by Mda-7/IL-24 (Fig. 5).Taken together, the 
above data indicated that there is an axis of GTP-RhoA-ERK 
regulating expression of MDR-related genes MDR1, MRP1 
and BMI1, but the mechanism that upregulates the expression 
of Topo II is still unknown.

Mda-7/IL-24 enhances the intracellular accumulation 
of Rhodamine-123 in lymphoma cells. The ability of 
Mda-7/IL-24 to inhibit the efflux of MDR-related proteins 
such as P-glycoprotein (P-gp) and MRP1 was assessed by 
Rhodamine-123 exclusion assays. The intracellular accu-
mulation of Rhodamine-123 was significantly higher in 
Mda-7/IL-24 overexpressing cells than in non-transfected and 
vector-transfected cells (Fig. 6). These results suggested that 
Mda-7/IL-24 may reduce the pump effect of MDR-related 
proteins in Raji and Daudi cells, increasing the intracellular 
accumulation and reducing the efflux of chemotherapy drugs.

Figure 4. Effect of Mda-7/IL-24 on the expression of proteins related to chemotherapy sensitivity in Raji and Daudi cells. (A) RT-qPCR assays of the levels 
of expression of MDR1, MRP1, BMI1 and Topo II mRNAs in Raji and Daudi cells. (B) Western blot assays of the levels of P-glycoprotein (P-gp; encoded 
by MDR1), MRP1, BMI1 and Topo II protein expression in Raji and Daudi cells; β-actin was used as an internal loading control. The experiments shown are 
representative of three independent experiments. **P<0.01, compared with the control and vector groups.
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Figure 5. Effect of Mda-7/IL-24 on the expression of GTP-RhoA-ERK signaling pathway in Raji and Daudi cells. Western blot assays of the levels of 
GTP‑RhoA, total ERK1/2 and p-ERK1/2 protein expression in Raji and Daudi cells; β-actin was used as an internal loading control. The experiments shown 
are representative of three independent experiments. **P<0.01, compared with the control and vector groups.

Figure 6. Effect of Mda-7/IL-24 on the intracellular accumulation of Rhodamine-123 in Raji and Daudi cells. Raji and Daudi cells were incubated with 
5 mg/ml Rhodamine-123 for 45 min, and intracellular fluorescence was measured to assess the pump function of MDR related protein. The fluorescence 
intensity indicated the intracellular concentration of Rhodamine-123, as shown on the histogram. Data presented are the mean ± SD from three independent 
experiments. **P<0.01, compared with the control and vector groups.
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Discussion

B cell lymphoma is one of the most common types of hema-
topoietic tumors (16). Chemotherapy is the first-line choice for 
lymphoma treatment. However, tumors often become resistant 
to chemotherapy drugs during treatment. MDR can result in 
the failure of chemotherapy and the death of patients. Studies 
are required to elucidate the mechanisms of drug resistance, 
and new treatment strategies are needed to improve cure rates 
and survival in patients with lymphoma. Changes in molecular 
regulatory networks that increase anti-apoptotic activity and 
reduce the apoptosis of tumor cells are the primary mecha-
nisms associated with resistance to chemotherapy drugs (2,17). 
Methods of enhancing sensitivity to chemotherapy and 
avoiding MDR remain among the most difficult problems in 
tumor treatment.

Combinations of chemotherapy with gene therapy are 
promising in the treatment of B cell lymphoma (18). Although 
Mda-7/IL-24  has been widely regarded as an antitumor 
molecule and has been shown to inhibit hematopoietic tumor 
proliferation (5,6), little is known about its effects on lymphoma 
cell sensitivity to chemotherapy. Recent studies have shown 
that Mda-7/IL-24 could reverse MDR in human colorectal and 
hepatocellular cancers (2,19), but whether it plays a similar 
role in B cell lymphoma has not been determined. The present 
study is the first to show that transfection of endogenous 
Mda-7/IL-24 sensitized Raji and Daudi lymphoma cells to 
chemotherapy drugs by affecting factors related to chemo-
therapy drug resistance.

In the present study, we first assessed the chemosensitizing 
effects of Mda-7/IL-24 gene in B lymphoma cells in vitro. 
MTS assay results showed that Mda-7/IL-24 significantly 
retarded proliferation of Raji and Daudi cells, and enhanced 
the sensitivity of these lymphoma cells to various chemo-
therapy drugs, including CDDP, epirubicin and VCR, and that 
IC50 was lower in cells transfected with Mda-7/IL-24 than in 
non-transfected and vector-transfected cells. These results 
were in good agreement with the effects of Mda-7/IL-24 on 
these types of tumor cells (2,5,6). In addition, although the 
apoptosis-inducing capability of Mda-7/IL-24 has been widely 
documented in various solid tumors, we did not observe signif-
icant induction of apoptosis in the two lymphoma cell lines. 
However, flow cytometry results showed that transfecting 
Mda-7/IL-24 enhanced the apoptotic rates in cells treated with 
these chemotherapeutic agents. The effect that Mda-7/IL-24 
plus chemotherapy drugs enhanced the induction of apoptosis 
in Raji and Daudi cells indicating that Mda-7/IL-24 could be a 
potent model of adjuvant chemotherapy for B cell lymphoma.

To study the mechanisms that may be responsible for 
Mda-7/IL-24-mediated chemosensitizing effect, we analyzed 
the changes of expression in various multidrug-resistance 
genes. Abnormal levels of expression of MDR1, MRP1, 
BMI1 and Topo II were found to be important in impairing 
tumor chemosensitivity, resulting in MDR (20-23). P-gp is 
the best-known and principal mediator of MDR. P-gp, which 
is encoded by MDR1, is involved in pumping chemotherapy 
drugs from the inside to the outside of tumor cells, and in 
preventing intracellular accumulation of these drugs (20,24). 
MRP1 functions similarly to MDR1 in reducing tumor sensi-
tivity to chemotherapy, and it can recognize and pump out 

chemotherapy drugs bound to glutathione in tumor cells. High 
expression of MDR1 and MRP1 in different types of B cell 
lymphoma tissues has been associated with poor response to 
chemotherapy (25). Thus, our finding, that Mda-7/IL-24 over-
expression downregulated MDR1 and MRP1 expression in 
Raji and Daudi cells, suggests that Mda-7/IL-24 may enhance 
the intracellular accumulation of anticancer drugs.

BMI1, which is essential for the self-renewal of normal and 
malignant stem cells, is another important gene that induces 
MDR. The mechanism of action of BMI1 may be related to anti-
oxidation and the upregulation of bcl-2, resulting in resistance 
to chemotherapy-induced apoptosis (26,27). Downregulation 
of BMI1 may increase drug-induced tumor cell apoptosis, thus 
enhancing sensitivity to chemotherapy (28). Topo II, which can 
bind to chemotherapeutic agents, with binding of these drugs 
to the α chain of Topo II inhibiting the proliferation and dupli-
cation of DNA in tumor cells (17). Upregulating the expression 
of Topo II by transfection has been reported to enhance the 
cytotoxicity of chemotherapy drugs (23,29). Thus, the ability 
of Mda-7/IL-24 to enhance Topo II expression in Raji and 
Daudi suggests that it may enhance sensitivity to chemo-
therapy in vivo. Collectively, all of these findings suggest that 
Mda-7/IL-24 enhances sensitivity to chemotherapy via various 
targets, with the changes in MDR related protein expression, 
enhancing the cytotoxic effects of chemotherapy agents on 
lymphoma cells.

To further investigate the molecular mechanism of Mda-7/
IL-24-induced chemosensitizing effect, we analyzed the 
activities of ERK and GTP-RhoA signaling pathways. It is 
known that ERK plays an important role in positively regu-
lating expression of various MDR-related genes including 
MDR1, MRP1 and BMI1 (10-13). A previous report showed 
that decreased activities of ERK1/2 was detected in Human 
leukemia U937 and HL60 cells overpressing Mda-7/IL-24 (4). 
In the present study, overpressing Mda-7/IL-24 also resulted in 
a similar result in Raji and Daudi cells. Moreover, GTP-RhoA 
is known as upstream activator of cell ERK pathway, and it 
was also reported to be related to induction of MDR (30). 
In the present study, we found that decreased GTP-RhoA 
in Mda-7/IL-24 overpressing lymphoma cells indicated that 
GTP-RhoA may be a key factor affected by Mda-7/IL-24 
regulating the expression of MDR-related genes.

In addition, Mda-7/IL-24 overexpression also significantly 
increased the intracellular accumulation of Rhodamine-123 in 
Raji and Daudi cells, suggesting that Mda-7/IL-24 impaired 
the pump function of MDR-related proteins.

In summary, we found that Mda-7/IL-24 can enhance 
the sensitivity of B  lymphoma cells to chemotherapy by 
decreasing the expression of MDR1, MRP1 and BMI1 via 
GTP-RhoA-ERK signaling pathway, and by increasing the 
expression of Topo II and the intracellular accumulation of 
anticancer drugs. In addition, Mda-7/IL-24 could increase the 
apoptosis rate of B lymphoma cells treated with chemotherapy 
drugs. Mda-7/IL-24 may therefore be a potential candidate for 
treatment of MDR in B cell lymphomas.
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