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Abstract: The activation of non-classical NF-κB signaling pathway is closely related to the progression of B cell non-
Hodgkin lymphoma (B-NHL). In this study we examined the status of non-classical NF-κB signaling in the peripheral 
blood mononuclear cells (PBMC) from 36 cases of B-NHL and 7 cases of healthy blood donators as well as the tu-
mor tissues from another 20 cases of B-NHL. We found that the expression levels of BAFF, BAFF-R, Bcl-xL and RIPK2 
in PBMC of drug-resistant and phase III/IV B-NHL were significantly higher than those of non-drug-resistant, phase 
I/II and normal control group (P<0.05). BAFF stimulated Raji cell proliferation in dose- and time-dependent man-
ner, and upregulated mRNA and protein levels of BAFF, BAFF-R, NIK, p52, Bcl-xL and RIPK2 in a dose-dependent 
manner (P<0.05). Taken together, our results suggest that the activation of non-classical NF-κB signaling pathway 
is correlated with drug resistance and progression of B-NHL. 
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Introduction 

Malignant lymphoma is one of the fastest grow-
ing malignant tumors in China. At present about 
84 thousand new cases of malignant lympho-
ma are identified every year and more than 20 
thousand people die of it. B cell non-Hodgkin’s 
lymphoma (B-NHL) is a group of heterogeneous 
lethal diseases derived from monoclonal ex- 
pansion of malignant B cell, accounting for 60% 
of malignant lymphoma. With recent advances 
in the diagnosis and therapy, the lifespan of 
B-NHL patients has been gradually prolonged 
and some patients can even be cured. However, 
drug resistance of tumor cells results in invalid 
treatment and relapse, leading to poor progno-
sis in some patients. It is important to under-
stand the mechanisms of progression and 
drug-resistance of B-NHL. 

The expression of BAFF in peripheral blood of 
B-NHL patients is significantly increased, which 
is related to the disease’s progression, severity 
and sensitivity to treatments [1, 2]. BAFF recep-
tor (BAFF-R) is the specific receptor for BAFF to 

regulate the survival of B cells, while the non-
classical NF-κB signaling pathway is the major 
one that is activated by BAFF/BAFF-R. Therefore, 
the activation of non-classical NF-κB signaling 
pathway by BAFF/BAFF-R may be one of the rea-
sons for the survival, proliferation, differentia-
tion and drug-resistance of B-NHL tumor cells 
[3]. 

In this study we aimed to investigate the corre-
lation between non-classical NF-κB signaling 
activated by BAFF/BAFF-R and drug resistance 
in B-NHL. We detected the expression levels of 
components of non-classical NF-κB pathway in 
PBMC and lymph node tumor tissues of B-NHL 
patients, and human Burkitt lymphoma Raji 
cells. 

Materials and methods

Patients and samples

The peripheral blood samples were collected 
from 36 patients with clinically and pathologi-
cally diagnosed B-NHL who were hospitalized in 
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the Hospital Affiliated to Chinese Academy of 
Military Medical Sciences from November 2010 
to November 2011. The clinical characteristics 
of the patients were shown in Table 1. Seven 
healthy blood donators were included as the 
control during the same period, including four 
males and three females aged between 23 and 
48 years old (median  age of 33). 4 mL of 
venous blood sample was collected from B-NHL 
patients and healthy blood donators by using 
EDTA anticoagulation vacuum tubes. The sam-
ples were centrifuged at 3,000 rpm at room 
temperature for 10 min, the separated plasma 
samples were stored at -20°C for further use, 
and the blood sediments were immediately 
used for RNA extraction.

The samples from lymph node tumors were col-
lected from 20 cases of B-NHL patients who 
were hospitalized at the same hospital from 
January 2010 to January 2011, and the fresh 
samples collected from operative biopsy were 
stored in liquid nitrogen. The study protocols 
were approved by the Ethics Committee of the 
Hospital.

Cell culture 

Human Burkitt lymphoma Raji cell line was pur-
chased from Chinese Union Cell Center, and 
incubated in the modified RPMI 1640 (HyClone, 
USA) medium containing 10% FBS (Yuanheng 

Jinma Biotech, China) at 37°C with 5% CO2 and 
saturated humidity in a CO2 incubator. The re- 
combinant human cytokine BAFF was pur-
chased from PeproTech (USA) and used for in 
vitro stimulation of Raji cell line. 

Real time quantitative PCR 

EASYspin whole-blood RNA fast extraction kit 
and EASY spin tissue/cell RNA fast extraction 
kit (Biomed Tech, China) were used to extract 
total RNA from PBMC and tissues. RNA pure 
ultrapure total RNA fast extraction kit (Biomed 
Tech, China) was used to extract total RNA from 
Raji cells after stimulation for 48 h with differ-
ent concentrations of recombinant human 
BAFF (20 ng/mL, 100 ng/mL, 500 ng/mL). 
Primer Script Reverse Transcriptase (TaKaRa, 
Japan) was used for reverse transcription of 2 
µg total RNA, and the resulted cDNA was used 
for FQ-PCR. The reaction was carried out by 
using the fluorescent MaximaTMSYBR Green/
ROX qPCR Master Mix (2×) (Fermentas, USA) on 
Mx3000PQPCR Systems (Agilent Technologies 
Stratagene Products Division, USA). The prim-
ers were synthesized by AuGCT DNA-SYN 
Biotech (China) with the following sequen- 
ces: GAPDH 5’-ACCCAGAAGACTGTGGATGG-3’ 
(forward) and 5’-TTCAGCTCAGGGATGACCTT-3’ 
(reverse); BAFF 5’-AATAAGCGTGCCGTTCAG-3’ 
(forward) and 5’-GATCCTTTTTGTATAGTTGGTG- 
TT-3’ (reverse); BAFF-R5’-TCATTCTGTCTCCGG- 

Table 1. Clinical characteristics of B-NHL cases 
Clinical characteristics Cases (n)
Gender Male 21

Female 15
International Lymphoma Prognostic Index (IPI) Score 0~2 18

Score 3~4 18
Age* <60 27

≥60 9
Ann Arbor staging Stage I/II 7

Stage III/IV 29
 Drug resistance** Drug-resistance 9

Non-drug resistance 27
WHO (2008) grouping for lymph tissue tumors Diffusive large B cell lymphoma 34

Mantle cell lymphoma 2
*: 8-74 years old with the median age of 45. **: 36 cases of B-NHL patients were all subjected to chemotherapy with R-CHOP 
as the major program for more than 4 cycles, and the therapeutic efficacy was evaluated by CT and other examinations, 
complete remission (CR) or partial remission (PR) were judged as non-drug-resistant. The therapeutic efficacy was classified 
into stable disease (SD) or progression of disease (PD), chemotherapy and local radiotherapy with DICE, ProMACE/CytoBOM, 
Gemcitabine, and other second- or third-line programs were carried out, and the patients whose conditions could not be ef-
fectively controlled were judged as drug-resistant.
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GAATC-3’ (forward) and 5’-GTGGTCACCAGTT- 
CAGTGGA-3’ (reverse); NIK 5’-TTTTCTCTGGAGG- 
AGCAGGA-3’ (forward) and 5’-GCTTTGAGAGGC- 
CTTTGATG-3’ (reverse); p52 5’-ACAGCCCTGTC- 
CTTCAGAGA-3’ (forward) and 5’-CTTCTTCCTTC- 
TGGCCCTCT-3’ (reverse); Bcl-xL 5’-GTAAACTGG- 
GGTCGCATTGT-3’ (forward) and 5’-TGGATCCAAG- 
GCTCTAGGTG-3’ (reverse); RIPK2 5’-GTTGGGAC- 
AGCACCATTTCT-3’ (forward) and 5’-ATACCAGG- 
CTGCAGACGTTC-3’ (reverse). The mRNA expres-
sion of these genes was calculated by using the 
2-ΔΔCt method.

Cell proliferation assay

Raji cells were seeded in the 96-well plate 
(Costar, USA) in a density of 1.5×104 cells/well. 
Different concentrations of rhBAFF were added 
into the wells at the final concentration of 62.5 
ng/mL, 125 ng/mL, 250 ng/mL and 500 ng/
mL respectively, while the control group was 
incubated in serum-free culture medium (as 
blank control) and three duplicates were set for 
each group. MTT colorimetric tests were car-
ried out after 24 h, 48 h and 72 h according to 
the standard procedures, and the absorbance 
was determined at 570 nm.

Western blot analysis

Raji cells were rinsed with pre-cooled 1×phos-
phate buffer for twice and then RIPA lysis buffer 
(Applygen, China) was added to extract the total 
protein, and protein content was determined by 
using Lowry method (Kaiji Biotech, China). The 
total protein extracted from Raji cells was load-
ed onto 15% SDS-PAGE and transferred to 
PVDF membrane. The non-specific binding sit- 
es on the membrane were blocked overnight at 

radish peroxidase (HRP) conjugated goat anti-
rat and goat anti-rabbit antibodies at room tem-
perature for 1 h. Finally, the membrane was 
developed in a dark room using SuperSignal 
West Femto Substrate (Thermo Scientific, USA). 
The house-keeping gene GAPDH (Cwbiotech, 
China) was used as loading control.

Statistical analysis

SPSS13.0 statistical software was used for sta-
tistical analysis. The experimental data were 
subjected to normality test and homogeneity 
test for variance. The data were expressed as 
mean value ± standard deviation and analyzed 
by t-test or ANOVA. Pearson linear correlation 
analysis and spearman rank correlation analy-
sis were carried out for correlation analysis. 
P<0.05 indicated that the difference was sta-
tistically significant. 

Results 

The expression of non-classical NF-κB signal-
ing components in PBMC of B-NHL patients

We grouped the patients according to clinical 
stage, and found that the expression levels of 
mRNAs for BAFF, BAFF-R, Bcl-xL and RIPK2 in 
PBMC of stage I/II and III/IV B-NHL patients 
were significantly higher than those in control 
group, and the expression levels in stage III/IV 
B-NHL group were significantly higher than 
those in stage I/II group (P<0.05, Table 2). In 
addition, the expression levels of mRNAs for 
BAFF, BAFF-R, Bcl-xL and RIPK2 in PBMC in 
drug-resistant B-NHL patients were significant-
ly higher than those in control group and non-
drug-resistant B-NHL patient group (P<0.05, 
Table 3).

Table 2. mRNA expression levels in B-NHL patients grouped by clinical stage
Group n BAFF BAFF-R Bcl-xL RIPK2
Staging Stage I/II 7 1.65±0.15* 1.30±0.25* 2.19±0.66* 1.68±0.31*

Stage III/IV 29 2.11±0.41*,Δ 1.96±0.61*,Δ 2.49±0.32*,Δ 2.14±0.48*,Δ

Normal control 7 1.00±0.19 1.00±0.20 1.00±0.09 1.00±0.31
*: P<0.05, compared to control group. ΔP<0.05, compared to Stage I/II.

4°C by using 5% de- 
fatted milk powder 
prepared with Tris 
buffer/1% Tween20 
(TBS-T). The membr- 
ane was incubated 
with specific antibo- 
dy for BAFF, BAFF-R, 
NIK, p52, RIPK2 (Ab- 
cam, England) and 
Bcl-Xl (Cell Signaling, 
USA) at room tem-
perature for 2 h. The 
membrane was was- 
hed with TBS-T for 
three times and in- 
cubated with horse 

Table 3. mRNA expression levels in B-NHL grouped by drug-resistance
Group n BAFF BAFF-R Bcl-xL RIPK2
Non-drug-resistance 27 1.85±0.27* 1.55±0.34* 2.30±0.37* 1.96±0.39*
Drug-resistance 9 2.52±0.36*,Δ 2.66±0.47*,Δ 2.84±0.23*,Δ 2.43±0.52*,Δ

Normal control 7 1.00±0.19 1.00±0.20 1.00±0.09 1.00±0.31
*: P<0.05, compared to control group. ΔP<0.05, compared to Non-drug-resistance.
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Next we performed correlation analysis on the 
expression levels of mRNAs. Pearson linear 
correlation analysis showed that the r values 
for the correlation between two genes group- 
ed by clinical stage were as follows: BAFF and 
BAFF-R 0.849, BAFF and Bcl-xL 0.924, BAFF 
and RIPK2 0.866, BAFF-R and Bcl-xL 0.862, 
BAFF-R and RIPK2 0.821, Bcl-xL and RIPK2 
0.878 (P<0.001 for all). The r values for the cor-
relation between two genes grouped by drug-
resistance were as follows: BAFF and BAFF-R 
0.757, BAFF and Bcl-xL 0.774, BAFF and RIPK2 
0.753, BAFF-R and Bcl-xL 0.683, BAFF-R and RI- 
PK2 0.652, Bcl-xL and RIPK2 0.649 (P<0.001 
for all). These results indicated significant po- 
sitive correlation among the mRNA expression 
of these genes. 

statistically significantly different from those in 
the female and with IPI score 3~4 group. 

The expression level of Bcl-xL mRNA in drug-
resistant group was significantly higher than 
that in non-drug-resistant group (P<0.05). 
However, the expression levels of mRNAs for 
BAFF, BAFF-R, NIK, P52 and RIPK2 in drug-
resistant group showed increases compared to 
those in non-drug-resistant group but without 
significant differences (Figure 1).

The expression of non-classical NF-κB signal-
ing components in Raji cells  

Raji cells were stimulated with different con-
centration of recombinant human BAFF, and 
the expression levels of mRNAs for BAFF, BA- 

Figure 2. The expression levels of mRNAs of indicated genes in Raji cells 
treated with different concentration of recombinant human BAFF.

Spearman rank correlation 
analysis was carried out to 
investigate the correlation be- 
tween the expression levels 
of mRNAs for these genes 
and the progression of dis-
ease. The r values for the cor-
relation among BAFF, BAFF-R, 
Bcl-xL and RIPK2 in control, 
stage I/II and stage III/IV 
groups were 0.828, 0.753, 
0.828, 0.811, respectively 
(P<0.001 for all). The r values 
for the correlation among 
BAFF, BAFF-R, Bcl-xL and 
RIPK2 in control, non-drug-
resistant and drug-resistant 
groups were 0.855, 0.811, 
0.834, 0.713, respectively 
(P<0.001 for all). These data 
indicated that mRNA expres-
sion of these genes was cl- 
osely related to the progres-
sion and drug resistance of 
B-NHL.

The expression of non-clas-
sical NF-κB signaling compo-
nents in B-NHL tissues

B-NHL patients were grouped 
by gender and IPI scores, and 
the mRNA expression levels 
of BAFF, BAFF-R, NIK, p52, 
Bcl-xL and RIPK2 of male 
B-NHL patient group and with 
IPI score 0~2 group were not 

Figure 1. The expression levels of mRNAs of indicated genes in the tumor tis-
sues from B-NHL patients with different drug-tolerances. *P<0.05.
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monoclonal proliferation of malignant B cells. 
Previous studies confirmed that some signaling 
pathways such as PI3K-Akt, Notch, Hh are 
involved in the development of B-NHL [5-9]. 
This study aimed to explore the correlation 
between drug-resistance of B-NHL and non-
classical NF-κB signaling pathway. We found 
higher mRNA expression levels of the compo-
nents of non-classical NF-κB signaling in per- 
ipheral blood and tumor tissues from B-NHL 
patients, and demonstrated that BAFF stimu-
lated the proliferation and the activation of 
non-classical NF-κB pathway in Raji cells. 

BAFF is also named as B lymphocyte stimulat-
ing factor (BLys) [10-12], which can specifically 
stimulate the survival, maturation, proliferation 
and differentiation of B cells [13-15]. B cells 

Figure 3. rhBAFF stimulates the proliferation of Raji cells. MTT assay of Raji 
cells treated with rhBAFF at the indicated concentration and time.

Figure 4. rhBAFF activates non-classical NF-κB signaling in Raji cells. West-
ern blot analysis of the expression levels of the indicated proteins in Raji 
cells after stimulation with different concentration of rhBAFF. GAPDH was 
loading control.

FF-R, NIK, p52, Bcl-xL and RIPK2 were signifi-
cantly increased compared to untreated con-
trol (P<0.05). The differences of mRNA expres-
sion level for these genes in the groups treated 
with 20, 100 and 500 ng/mL of recombinant 
human BAFF (rhBAFF) were significant (P<0.05, 
Figure 2). 

Next we performed Pearson linear correlation 
analysis on the expression levels of mRNAs in 
Raji cells treated with different concentration 
of rhBAFF. The r values for the correlation 
among BAFF, BAFF-R, Bcl-xL, RIPK2 and the 
concentration of rhBAFF were 0.972, 0.950, 
0.971, 0.953 (P<0.001 for all). These results 
indicated significant positive correlation among 
the mRNA expression of these genes and the 
concentration of rhBAFF.

BAFF promotes Raji cell pro-
liferation 

Compared to control group, 
the OD values in different 
groups after stimulation with 
different concentration of rh- 
BAFF for 24 h, 48 h and 72 h 
showed increases to different 
extents, and significant differ-
ences could be detected at 
different concentration and 
different time point (Figure 
3), indicating that BAFF pro-
moted the proliferation of Raji 
cells in dose- and time- de- 
pendent manner. 

BAFF stimulates the activa-
tion of non-classical NF-κB 
signaling in Raji cells

Western blot analysis showed 
that the protein levels of 
BAFF, BAFF-R, NIK, P52, Bcl-
xL and RIPK2 were increased 
in Raji cells after treatment 
with BAFF in a dose-depen-
dent manner (Figure 4). 

Discussion

Malignant lymphomas mainly 
develop in lymph nodes and 
lymph tissues. B-NHLs are a 
group of heterogonous malig-
nant lethal diseases due to 
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were almost completely absent from follicles 
and marginal zones in BAFF-defective mice 
[16], while injection with recombinant Fc-BAFF 
or protected B cell compartments in marginal 
zone and follicles in BAFF-defective mice [17]. 
In contrast, B cell compartments in marginal 
zone of BAFF transgenic mice were significantly 
enlarged [18]. Animal studies showed that both 
the defect and overexpression of BAFF could 
lead to immunological imbalance and subse-
quently induce many diseases [19, 20]. 
Malignant B cells can secrete BAFF, and BAFF 
level in the peripheral blood of patients with B 
cell malignant tumors is related to tumor pro-
gression and sensitivity to treatments [1, 2]. 
Therefore, endogenous BAFF level may be 
closely related to the initiation, progression and 
drug-resistance of B-NHL.

BAFF regulates the proliferation, activation and 
function of B cells by binding to corresponding 
receptors [21, 22], among which BAFF-R is the 
specific receptor to regulate the survival of B 
cells. The non-classical NF-κB signaling path-
way is one of the major pathways mediated by 
BAFF/BAFF-R, which has important roles in 
maintaining the functions of B cells [23]. 
Therefore, the activation of non-classical NF-кB 
signaling pathway may be one of the major rea-
sons for drug-resistance in B-NHL [3]. Drug 
resistance in B-NHL is correlated with highly 
activated NF-кB in tumor cells, the over-expres-
sion of downstream targets Bcl-xL, Bcl-2 and 
other anti-apoptotic factors, the inhibition of 
tumor cell apoptosis, and the promotion of sur-
vival, maturation and proliferation of tumor 
cells [24]. Novak et al. found that BAFF muta-
tion was correlated with the incidence of follicu-
lar lymphoma (FL) and serum BAFF concentra-
tion in B-NHL patients [25]. In this study, we 
found that the mRNA expression levels of BAFF, 
BAFF-R and Bcl-xL in PBMC from different 
B-NHL patient groups were significantly higher 
than those in control group. In addition, the 
expression levels of BAFF, BAFF-R and Bcl-xL 
were related to the stage and drug resistance 
of B-NHL, but not with the gender, IPI score and 
age of patients. These results indicate that 
non-classical NF-κB signaling pathway is corre-
lated with the progression and drug-resistance 
of B-NHL. The mRNA expression levels of BAFF, 
BAFF-R, NIK, p52 and Bcl-xL were also detect-
ed in B-NHL tumor tissues. Bcl-xL mRNA expres-
sion level in drug resistant group was signifi-

cantly higher than that in non-drug resistant 
group. The mRNA expression levels of BAFF, 
BAFF-R, NIK and p52 in drug resistant group 
showed increasing tendency compared to non-
drug resistant group, but had no significant dif-
ferences. These may be attributed to fewer 
cases and higher variation coefficients for the 
detection of gene expression. Furthermore, the 
clinical treatment programs were different, 
ranging from radiotherapy to chemotherapy. 

RIPK2, also named as RIP2, CARDIAK and 
RICK, belongs to the RIP kinase family. and is a 
key mediator of non-classical NF-κB signaling 
pathway [26, 27]. In this study, we found that 
the expression levels of RIPK2 mRNA in PBMC 
of B-NHL patients were significantly higher than 
those in control group, and the expression lev-
els in drug resistant group were significantly 
higher than in non-drug-resistant group, consis-
tent with the changing tendency in mRNA 
expression of BAFF, BAFF-R, Bcl-xL and other 
non-classical NF-κB signaling molecules. In 
tumor samples the expression levels of RIPK2 
mRNA in drug resistant group showed an 
increasing tendency compared to non-drug-
resistant group, further indicating that RIPK2 is 
involved in non-classical NF-кB signaling.
Furthermore, using Raji cells as the experimen-
tal model, we showed that BAFF could promote 
the proliferation of Raji cells in a dose and time 
dependent manner, accompanied by increased 
mRNA levels of BAFF, BAFF-R, NIK, p52 and Bcl-
xL. Western blot analysis confirmed that BAFF 
increased the protein levels of BAFF-R, NIK, 
p52 and Bcl-xL in a dose-dependent manner. 
BAFF also upregulated the mRNA and protein 
expression of RIPK2, suggesting that RIPK2 
participates in the non-classical NF-κB signal-
ing in Raji cells.

In summary, we found that non-classical NF-κB 
signaling was closely related to drug resistance 
and disease progression of B-NHL. These 
results provided new clues for further under-
standing of the mechanisms for the initiation, 
progression and drug resistance of B-NHL, and 
help develop effective therapeutic approaches 
for B-NHL. 
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