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Abstract. The incidence of non‑Hodgkin's lymphoma (NHL) 
has been increasing annually and has become a serious 
threat to human health. However, the pathogenesis of NHL 
remains unclear. The present study aimed to investigate the 
effect of soluble CD40 ligand (sCD40L) on NHL cells and 
its underlying mechanism. Cell Counting kit‑8 assay and 
flow cytometry apoptosis experiments were conducted to 
investigate the effects of sCD40L on cell proliferation and 
apoptosis. Western blotting was performed to detect the 
protein expression levels of BAX, Bcl‑2, ERK, p‑ERK, JNK, 
p‑JNK, p38, p‑p38 and c‑JUN. The results of the present study 
demonstrated that exogenous sCD40L significantly inhibited 
the proliferation and promoted the apoptosis of Raji and CA46 
cells. Additionally, exogenous sCD40L promoted the apoptosis 
of lymphoma cells by activating the JNK signaling pathway.

Introduction

Malignant lymphoma (ML), a type of hematological malig‑
nancy, occurs in the lymph nodes or lymphoid tissues outside 
the lymph nodes (1). Non‑Hodgkin's lymphoma (NHL) is the 
most common type of lymphoma and is about 4% of all cancers 
in the United States (2). Approximately 85‑90% of all NHL 
cases are of B cell origin (3). The incidence rate of lymphoma 
continues to increase globally, causing serious harm to human 
health (3). However, the pathogenesis of NHL remains unclear.

CD40, a 48‑kDa type  1 transmembrane cell surface 
receptor, was initially identified in B lymphocytes and was 
found to trigger numerous key processes (4). CD40 is a member 
of the tumor necrosis factor (TNF) receptor superfamily and 
is widely expressed in several hematological cancer types 
and solid tumors, including leukemias (5), gastric cancer and 
bladder cancer (6,7). The natural ligand of the CD40 receptor 
is CD40L, also known as CD154 or gp39, which belongs to 
the TNF family and is a type II transmembrane protein with a 
relative molecular mass of 39 kDa. In the 1990s, Mach et al (8) 
demonstrated that atheroma of mice treated with anti‑CD40L 
antibody contained significantly fewer macrophages (64%) 
and T lymphocytes (70%) and exhibited decreased expres‑
sion of vascular cell adhesion molecule‑1. This indicated 
that CD40 served an important role in atherogenesis  (8). 
Additionally, membrane‑bound CD40L may promote senes‑
cence and initiate senescence‑associated secretory phenotype 
via NF‑κB activation in lung adenocarcinoma (9). Activated 
CD40, through CD40L, serves a central role in regulating 
the proliferation of CD4 (+) and CD8 (+) T cells, as well as 
T cell and B cell activity (10‑12). Under certain conditions, 
CD40L may bind to the receptor protein CD40 on the 
surface of tumor cells, thereby activating the CD40 relative 
downstream signaling pathway to regulate the proliferation 
of tumor cells (13). The suppression of CD40L expression in 
T cells has also been demonstrated in B cell chronic lympho‑
cytic leukemia (14). Our previous study demonstrated that the 
upregulation of CD40L expression attenuated drug resistance 
in Adriamycin‑resistant THP‑1 cells (15). Furthermore, recent 
studies have demonstrated that CD40L may significantly 
inhibit the cell proliferation and promote the cell apoptosis 
of cancer cells, including colon cancer and ovarian cancer 
cells (16,17). A previous study reported that CD40 may induce 
apoptosis of carcinoma cells through a mechanism involving 
TRAF3 and JNK/AP‑1 activation (18). At present, the effect of 
CD40L on tumors has become a popular topic in the field of 
tumor pathogenesis (19‑21). Additionally, CD40 activation has 
anti‑apoptotic or apoptotic effects in follicular lymphoma (FL) 
cell lines (PMID: 28610909) (22). However, the function and 
mechanism of CD40/CD40L in NHL are rarely reported.

In the present study, the NHL cells were treated with 
soluble CD40 ligand (sCD40L). By conducting Cell Counting 
kit‑8 (CCK‑8) assays, cell flow cytometry and western blot 
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analysis, the present study confirmed that exogenous CD40L 
inhibited the proliferation and promoted the apoptosis of NHL 
cells by activating the JNK signaling pathway. The present 
study serves as a basis for examining CD40L in the clinical 
treatment of NHL.

Materials and methods

Cells and reagents. Human Burkitt lymphoma (NHL) Raji 
(no. bncc338283) and CA46 (no. bncc337642) cell lines were 
purchased from BeNa Culture Collection. Antibodies against 
Bax (cat.  no. SC‑7480) and Bcl‑2 (cat.  no. SC‑7382) were 
purchased from Santa Cruz Biotechnology, lnc. Antibodies 
against ERK (cat. no. 4695T), p‑ERK (cat. no. 4370T), p38 
(cat. no. 8690T), p‑p38 (cat. no. 4511S), JNK (cat. no. 9252T), 
p‑JNK (cat. no. 9255S), c‑JUN (cat. no. 9165T) and GAPDH 
(cat. no. 5174T) were purchased from CST Biological Reagents 
Co., Ltd. CCK‑8 kit (kit  no. C0037) was purchased from 
Beyotime Institute of Biotechnology. sCD40L (no. cyt‑245) 
was purchased from Prospec‑Tany TechnoGene, Ltd. JNK 
inhibitor SP600125 was purchased from Selleck Chemicals.

CCK‑8 assay. Cells were cultured in RPIM‑1640 medium 
(SH30809.01; Hyclone; GE Healthcare Life Sciences) which 
supplemented with 10% fetal bovine serum (cat. no. 900‑108; 
Gemini Bio Products) in a cell incubator (5% CO2, 37˚C). When 
the confluence of the cells reached 95%, the cells were digested, 
collected and resuspended in PRIM‑1640 medium. The cells 
were then transferred onto 96‑well plates (5x104 cells/well). 
Following incubation for 24 h, the cells were further treated 
with different concentrations of sCD40L (0, 2, 4, 6, 8 and 
10 µg/ml) for 48 h or 10 µmol/l SP600125 for 48 h, each group 
had five replicates. Next, cells were incubated for 48 h in a cell 
incubator (5% CO2, 37˚C). A total of ~10 µl CCK‑8 solution 
was added into each well and incubated at 37˚C for 3 h. The 
absorbance of the reaction solution at 450 nm was measured.

Cell apoptosis assay using flow cytometry. The cells were 
cultured in six‑well plates (1x106 cells/well) and incubated for 
24 h. Next, the cells were treated with sCD40L and SP600125 
and incubated for another 48 h. The cells were then collected 
and centrifuged at 300 x g for 3 min at 25˚C. Furthermore, the 
cells were washed twice with precooled phosphate‑buffered 
saline (PBS), and subsequently, 1 ml 1x binding buffer was 
used to resuspend the cells. Approximately 100 µl cell resus‑
pension solution was added to the new tubes, along with 5 µl 
fluorescein isothiocyanate (FITC)‑labelled Annexin V and 
5 µl PI and incubated in the dark for 15 min at room tempera‑
ture. Finally, 400 µl 1X binding buffer was added, and the 
reaction solution was detected using a CytoFLEX flow cytom‑
eter (Beckman Coulter Inc.) with CytExpert v.2.0 software 
(Beckman Coulter Inc.).

Western blotting. The cells were treated with sCD40L and 
SP600125 and incubated for 48 h, prior to being harvested and 
washed with precooled PBS. Radio immunoprecipitation assay 
lysate [150 mM NaCl, 0.1% Triton X‑100, 0.5% sodium deoxy‑
cholate, 0.1% sodium dodecyl sulfate (SDS), 50 mm Tris HCl 
(pH 8.0) and protease inhibitor] was used to extract the total 
protein, and was kept on ice and then centrifuged at 16,000 x g 

for 5 min at 4˚C. The protein concentrations were determined 
by conducting a bicinchoninic acid protein assay. For each 
sample, protein (40 µg) were separated using 10% SDS‑PAGE 
and then transferred onto polyvinylidene fluoride or polyvi‑
nylidene difluoride membranes. The membranes were blocked 
with 5% skimmed milk powder for 1 h at room temperature 
and then incubated overnight with protein antibodies BAX 
(1:1,000); Bcl‑2 (1:1,000); ERK (1:1,000); p‑ERK(1:2,000); 
p38(1:1,000); p‑p38 (1:1,000); JNK(1:1,000); p‑JNK (1:2,000); 
c‑JUN (1:1,000) and GAPDH (1:1,000) at 4˚C. The membranes 
were washed with tris‑buffered saline (TBST) three times. 
The second antibody solution goat anti‑rabbit IgG (H+L)‑HRP 
(cat. no. SA009; Auragene) or goat anti‑mouse IgG (H+L)‑HRP 
(cat. no. SA001; Auragene) was added, and the membranes 
were incubated with the membranes at room temperature for 
1 h. Following washing with TBST three times, the proteins 
were examined using an enhanced chemiluminescent kit 
(Auragene).

Statistical analysis. SPSS 22.0 (IBM, Corp.) and GraphPad 
Prism  7.0 (GraphPad Software, Inc.) were used for data 
processing and statistical analysis. All experiments were 
performed three times. Data are expressed as the mean ± stan‑
dard deviation and were analyzed using analysis of variance, 
followed by the least significant difference post  hoc test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Exogenous sCD40L significantly inhibits the proliferation 
and promotes the apoptosis of lymphoma Raji and CA46 cells. 
The Raji and CA46 cells were initially treated with different 
concentrations of sCD40L (0, 2, 4, 6, 8 and 10 µg/ml) for 48 h. 
Different concentrations of sCD40L significantly inhibited the 
viability of Raji and CA46 cells, and there were no notable 
differences in inhibitory effects among groups when the 
concentration of sCD40L was higher than 6 µg/ml (Fig. 1A). 
Therefore, 6 µg/ml sCD40L was used to stimulate the Raji 
and CA46 cells for further study. To elucidate the apop‑
tosis‑inducing effect of sCD40L on Raji and CA46 cells, flow 
cytometry was used to detect the apoptosis of Raji and CA46 
cells and treatment with 6 µg/ml sCD40L was found to signifi‑
cantly increase the proportion of apoptosis (Fig. 1B and C). 
To further confirm the function of sCD40L in Raji and CA46 
cells, the protein expression levels of the pro‑apoptotic protein, 
BAX, and the anti‑apoptotic protein, Bcl‑2, were determined 
by conducting western blot analysis following treatment with 
6 µg/ml sCD40L for 48 h. Compared with that in the untreated 
control, the stimulation of cells with sCD40L significantly 
upregulated the BAX protein expression levels and downregu‑
lated the Bcl‑2 expression levels in Raji and CA46 cell lines 
(Fig. 1D). These results indicated that sCD40L significantly 
inhibited the cell proliferation and promoted the cell apoptosis 
of lymphoma Raji and CA46 cells.

Exogenous CD40L activates the JNK signaling pathway. 
To further investigate the regulated mechanism of sCD40L 
in lymphoma Raji cells, western blotting was used to detect 
the protein expression levels of ERK, P38 and JNK, which 
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were the classical pathway factors of the MAPK signaling 
pathway. As shown in Fig. 2, the expression levels of p‑JNK 
in sCD40L‑treated lymphoma cells increased significantly, 
while the P38 and ERK activity did not increase, suggesting 
that sCD40L activated the JNK signaling pathway, thereby 
promoting the apoptosis of lymphoma cells.

Inhibition of the JNK signaling pathway rescuing the 
sCD40L‑induced apoptosis of lymphoma cells. To further 
determine whether sCD40L induces apoptosis of lymphoma 
cells by activating the JNK signaling pathway, the lymphoma 
cells were treated with SP600125 (10 µM), a specific inhibitor 
of the JNK signaling pathway. The results demonstrated 
that co‑treatment with sCD40L and SP600125 significantly 
increased the cell viability (Fig.  3A) and decreased the 
cell apoptosis (Fig.  3B  and  C), compared with treatment 
with sCD40L alone, as detected by CCK‑8 assay and flow 
cytometry, respectively. Western blotting was conducted 
and confirmed that SP600125 downregulated the expression 
of sCD40L‑regulated BAX and upregulated the expression 
of sCD40L‑regulated Bcl‑2 (Fig. 3D). To further confirm 
the mechanism underlying the sCD40L‑regulated activity 
through the JNK signaling pathway, the JNK, p‑JNK and 
c‑JUN expression levels were determined using western blot 
analysis and it was found that SP600125 significantly inhib‑
ited the sCD40L‑regulated activity of JNK (Fig. 4A and B). 
These results indicated that sCD40L promotes lymphoma cell 
apoptosis through the activation of JNK signals.

Discussion

Lymphoma originates from malignant tumors of the lymphoid 
hematopoietic system, invading several tissues and organs 
outside the lymph nodes, including the bone marrow, causing 
abnormal bone marrow hematopoiesis (23,24). Lymphomas 
can be classified into NHL and Hodgkin's lymphoma according 
to the tumor histopathology (25). NHL is a lymphatic malig‑
nant hyperplasia disease, with extremely strong heterogeneity. 
The incidence of NHL is high in China, accounting for 90% of 
all solid tumors of the immune system (26). However, the exact 
pathogenesis of NHL remains unknown.

CD40L (CD154) is a CD40 ligand that belongs to the TNF 
family (27). CD40L is expressed on the surface of normal cells 
and cancer cells, including bladder cancer (28), primary bone 
cancer (29), lung cancer and ovarian cancer cells (30). CD40L 
is associated with tumors, immunity and inflammation (31,32). 
Additionally, CD40L is highly expressed in numerous types 
of cancer, but the tumorigenic role of CD40L remain contro‑
versial (33). Certain studies have suggested that CD40L has 
a tumorigenic effect  (7,34), but others have suggested that 
CD40L has an antitumor effect (16,35,36). The CD40 signal 
has direct and indirect antitumor effects (35). CD40L has a 
significant inhibitory effect on AGS cells (36).

There are several shorter, stable, soluble forms of CD40L 
in addition to the full‑length transmembrane protein. sCD40L 
retains the trimeric structure of the full‑length protein and its 
biological functions (37). The sCD40L was able to bind and 

Figure 1. sCD40L inhibits the proliferation and promotes the apoptosis of lymphoma cells. (A) Raji and CA46 cells were treated with different concentrations 
of sCD40L for 48 h, and a Cell Counting kit‑8 assay was used to detect the viability of lymphoma cells. (B) Apoptosis of the lymphoma Raji and CA46 cells 
were confirmed via flow cytometry. (C) Statistical analysis of the apoptosis rate. (D) Western blotting was conducted to detect the protein expression levels 
of BAX and Bcl‑2. All these assays were conducted three times. Data are expressed as the mean ± standard deviation (n=3). *P<0.05, **P<0.01, ***P<0.001. 
sCD40L, soluble CD40 ligand.
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internalize into B cells that expressed the CD40 receptor and 
specifically and efficiently induced apoptotic death (38). In 
the 1990, MacDonald et al (39) reported that trimeric sCD40L 
was able to inhibit apoptosis induced by the combination of 

agonists to a certain degree, but such rescue proved to be 
short‑lived.

Therefore, to further study the influence of CD40L on 
lymphoma cells, the effect of sCD40L on the proliferation 

Figure 2. JNK activity is regulated by sCD40L in lymphoma Raji and CA46 cells. (A) Western blotting was used to detect the protein expression levels of 
ERK, p‑ERK, JNK p‑JNK, p38 and p‑p38. (B) Statistical analysis of western blot analysis. All these assays were conducted three times. Data are expressed 
as the mean ± standard deviation (n=3). *P<0.05, **P<0.01, ***P<0.001. sCD40L, soluble CD40 ligand; p‑ERK, phosphorylated ERK; p‑JNK, phosphorylated 
JNK; p‑p38, phosphorylated p38.
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and apoptosis in lymphoma cells was investigated. The results 
of the present study demonstrated that the proliferation of 
Raji and CA46 cells was significantly inhibited by different 
concentrations of sCD40L investigated by CCK‑8 assays. Our 

previous study demonstrated that the proliferation inhibition 
rate of cells treated with different concentrations of sCD40L 
after 48 and 72 h was higher than that at 24 h (40); therefore, 
48 h was selected as an incubation time for the CCK‑8 assay. 

Figure 3. sCD40L promotes the apoptosis of Raji cells, but SP600125 inhibits its effect. (A) The cell viability was determined using the Cell Counting kit‑8. 
(B) The apoptosis of the Raji cells was confirmed by flow cytometry. (C) Statistical analysis of the apoptotic rate. (D) Western blot analysis was conducted to 
detect the expression of BAX and Bcl‑2. All these assays were conducted three times. Data are expressed as the mean ± standard deviation (n=3).  **P<0.01, 
***P<0.001. sCD40L, soluble CD40 ligand.

Figure 4. sCD40L promotes the apoptosis of Raji cells by regulating the JNK pathway. (A) Western blot analysis was conducted to detect the expression of 
JNK, p‑JNK and c‑JUN. (B) Statistical analysis of western blotting. All these assays were conducted three times. Data are expressed as mean ± standard 
deviation (n=3). *P<0.05, **P<0.01, ***P<0.001. sCD40L, soluble CD40 ligand; p‑JNK, phosphorylated JNK.
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The results demonstrated that as the concentration is increased, 
the inhibitory ability became more evident, and when the 
sCD40L concentration was higher than 6 µg/ml, the inhibitory 
effects exhibited a steady trend. The follow‑up studies were 
conducted using flow cytometry, and it was found that 6 µg/ml 
sCD40L treatment significantly increased the proportion of 
apoptosis. Although quantitative polymerase chain reaction 
(qPCR) was not used to detect the expression of the apop‑
totic factor, BAX, and the anti‑apoptotic factor, Bcl‑2, in the 
present study, the expression of Bcl‑2 and BAX were detected 
by western blot analysis, and the results demonstrated that 
the expression of BAX increased and the expression of Bcl‑2 
decreased following Raji and CA46 cells being treated with 
6 µg/ml sCD40L. The expression of BAX and Bcl‑2 should be 
detected by qPCR in the future. Taken together, these results 
suggested that sCD40L inhibited the cell proliferation and 
induced the apoptosis of lymphoma Raji and CA46 cell lines.

The present study verified that sCD40L inhibits the growth 
of lymphoma, but the relative molecular mechanism of sCD40L 
in lymphoma cells remained uncertain. The earliest detect‑
able events following CD40 activation were the activation of 
protein tyrosine kinases, phosphoinositide‑3 kinase (PI3k) and 
phospholipase Cg2; the activation of cAMP modulated both 
positive and negative CD40‑induced responses (41). CD40L 
mediated the alternative NFκB signaling pathway in mantle cell 
lymphoma to induce resistance to BCR inhibitors (42). Recent 
studies have concentrated on the involvement of JNK/SAPK, 
p38 MAPK and ERK signaling pathways (4,43‑46). However, 
the conclusions of several associated studies were controver‑
sial, and general conclusions should be interpreted with caution 
because these studies often used different cellular models.

Considering the important role of the MAPK signaling 
pathway in lymphomas (47,48) and that the JNK signaling 
pathway is a well‑known pathway that induces cell apop‑
tosis  (49), the present study investigated the molecular 
mechanism by which sCD40L induces apoptosis in lymphoma 
cell lines. The results demonstrated that the phosphorylation 
level of JNK was significantly increased, while the phosphory‑
lation level of p38 and ERK did not change following Raji and 
CA46 cells being treated with sCD40L. Therefore, sCD40L 
may significantly induce the activation of the JNK signaling 
pathway but not p38 signaling pathway or ERK signaling 
pathway. Therefore, the data indicated that sCD40L induced 
the apoptosis of lymphoma Raji and CA46 cell lines through 
the JNK signaling pathway. Furthermore, the results showed 
that sCD40L has the same effect on the apoptosis of Raji and 
CA46 cells. Therefore, in order to verify these results, the Raji 
cell line was selected for further research. SP600125, an inhib‑
itor of JNK signaling pathway, was used to treat Raji cells, 
and the results demonstrated that SP600125 may promote the 
proliferation and inhibited the apoptosis of Raji cells, which 
were induced by sCD40. Although the study also obtained a 
similar conclusion that sCD40L induced the apoptosis of Raji 
through the JNK signaling pathway in vitro, in vivo experi‑
ments need to be performed in future studies.

Although the present study confirmed that sCD40L may 
inhibit the proliferation and induce the apoptosis of Raji and 
CA46 cell lines, CD40 expression in Raji and CA46 cells was 
not investigated. This is a limitation of the present study, which 
will be considered in future studies.

In summary, sCD40L inhibited the proliferation 
and promoted the apoptosis of the lymphoma cell lines. 
Additionally, sCD40L inhibited the growth of lymphoma Raji 
and CA46 cell lines and induced apoptosis by activating the 
JNK signaling pathway. These results suggested that sCD40L 
may be a potential therapeutic drug for suppressing NHL.
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