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Abstract. Circulating soluble tumor necrosis factor receptor 2 
(sTNFR2) has been associated with a relatively poor prognosis 
in various types of lymphoma. However, the specific role of 
TNFR2 expression in lymphoma cells remains uncharacter-
ized. In the present study, TNFR2 expression was quantified 
in the Hodgkin lymphoma cell line, L428, and the anaplastic 
large-cell lymphoma cell line, Karpas299, using RT-PCR 
and western blot analyses. Karpas299 cells exhibited higher 
TNFR2 expression than L428 cells. Proliferation and drug 
resistance experiments demonstrated that Karpas299 cells 
also possessed a greater proliferative ability and resistance 
to adriamycin (ADM) than L428 cells, with 50% inhibitory 
concentrations (IC50) of 1.423±0.24 µmol/l for Karpas299 
cells, compared with 0.728±0.15 µmol/l for L428 cells 
(P<0.05). The knockdown of TNFR2 in Karpas299 cells 
significantly reduced their proliferative ability; when treated 
with ADM, the cell inhibition rate increased from 49.34±5.42% 
to 74.13±6.81% (P<0.05). The upregulation of TNFR2 in 
L428 cells significantly increased their proliferative ability; 
when treated with ADM, the cell inhibition rate decreased 
from 47.03±5.25% to 28.71±4.90% (P<0.05). Investigation 
of the underlying molecular mechanism indicated that the 
upregulation of TNFR2 expression in L428 cells increased 
the expression of β-catenin and the phosphorylation of AKT. 
In L428 cells overexpressing TNFR2, the β-catenin blocker, 
DKK1, or the AKT inhibitor, LY294002, abrogated the 
increase in proliferation induced by TNFR2 and increased cell 
inhibition rate upon treatment with ADM. In summary, the 
present study demonstrated that TNFR2 promoted the prolif-
erative and drug resistance abilities of lymphoma cells via 

the AKT and WNT/β-catenin signaling pathways. This may 
provide the experimental basis for the further study of TNFR2 
activity in lymphoma cells and warrant its investigation as a 
therapeutic target for lymphoma.

Introduction

Lymphoma is a type of malignant tumor derived from the 
lymph and hematopoietic systems, including the subtypes 
of Hodgkin lymphoma (HL) and non-Hodgkin lymphoma 
(NHL) (1,2). Although HL and NHL are all neoplastic 
diseases of lymphoid tissues, the clinical manifestations 
and histopathology is in contrast. Reed-Sternberg cells are 
a characteristic feature of HL and their presence is used for 
diagnosis. However, in NHL, Reed-Sternberg cells are not 
utilised for diagnosis. Painless and progressive swelling of 
lymph nodes is the typical initial symptom of HL; however, 
extranodal invasion is the common symptom of NHL (3). Due 
to the high heterogeneity and malignancy of lymphoma, the 
prognosis remains generally unsatisfactory despite advances 
in conventional therapies, including radiotherapy, chemo-
therapy and hematopoietic stem cell transplantation (3-5). 
The necessity for the development and clinical application 
of molecularly-targeted drugs has become widely accepted, 
and the discovery of novel molecular therapeutic targets is 
essential to improve patient prognosis.

Tumor necrosis factor receptor 2 (TNFR2) is a member of 
the TNFR family. Previous studies have reported that TNFR2 
is mainly expressed in hematopoietic and endothelial cells, 
with anti‑inflammatory (6), protection against lipopolysaccha-
ride-induced lung damage (7) and bone fracture-healing (8) 
properties. TNFR2 has also been demonstrated to promote 
the migration and invasion abilities of malignant tumor cells, 
including cholangiocarcinoma and myeloma cells (9,10). 
However, the role of TNFR2 in lymphoma cells remains 
uncharacterized.

Anaplastic large-cell lymphoma (ALCL) is a type of 
NHL exhibiting CD30+ expression. HL is similar to ALCL in 
cellular morphology, and possesses pathogenic mechanisms 
analogous to those of ALCL (11). An HL cell line, L428, 
and an ALCL cell line, Karpas299, were used in the present 
study to investigate the role of TNFR2 in the proliferation 
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and drug resistance of lymphoma cells. A potential molecular 
mechanism underlying the proliferative and drug resistance 
functions of TNFR2 was also investigated.

Materials and methods

Cell lines and cell culture. L428 and Karpas299 cells were 
obtained from the American Type Culture Collection 
(Manassas, VA, USA). Both cell lines were cultured in 
RPMI-1640 medium containing 10% fetal bovine serum 
(both Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA at 3˚C in 5% CO2.

Cell transfection. A PcDNA3.1/TNFR2-vector plasmid 
(Shanghai GenePharma Co., Ltd., Shanghai, China) was 
transfected into L428 cells using a Cell Line Nucleofector kit 
T (Amaxa; Lonza Group, Ltd., Basel, Switzerland) in order 
to upregulate TNFR2 expression; a GPU6/FAP-shRNA 
plasmid (Shanghai GenePharma Co., Ltd.) was transfected 
into Karpas299 cells to silence TNFR2 expression. Empty 
plasmids were used as controls, and transfection was 
performed according to the manufacturer's instructions. At 
48 h, the transfected cells were harvested for use in further 
procedures.

Reverse transcription‑polymerase chain reaction (RT‑PCR). 
Total RNA was extracted from cells using TRIzol (Invitrogen; 
Thermo Fisher Scientific, Inc.). cDNA was synthesized using 
a PrimeScript RT-PCR kit (Takara Biotechnology Co., Ltd., 
Dalian, China). All procedures were performed according to 
the manufacturer's protocols. PCR was performed using the 
kit and the results were analyzed by labwork software, version 
4.0 (UVP, Upland, CA, USA). The primers were as follows: 
TNFR2: Forward, 5'‑ACG TTC TCC AAC ACG ACT TCA TC‑3'; 
Reverse, 5'-ATG ATG ACA CAG TTC ACC ACT CC-3'. GAPDH: 
Forward, 5'-AGA AGG CTG GGG CTC ATT TG-3' and Reverse, 
5'-AGG GGC CAT CCA CAG TCT TC-3'. The experiment was 
performed 3 times.

Western blotting. Total protein was extracted and its concen-
tration was measured using a bicinchoninic assay kit (Pierce; 
Thermo Fisher Scientific, Inc.) according to the manufactur-
er's protocol. A total of 300 µg protein per lane was separated 
by 10% SDS-PAGE and transferred to a nitrocellulose 
membrane. After being Blocked using TBS with Tween 20 
containing 5% non-fat dried milk for 1 h at room temperature, 
the membrane was incubated in primary antibody solutions, 
including antibodies against TNFR2 (cat. no. 19272‑1‑AP; 
dilution, 1:1,000; Proteintech Group, Inc., Wuhan Sanying 
Biotechnology, Wuhan, China), phospho-extracellular 
signal-related kinase 1/2 (ERK1/2), ERK1/2, phospho-Akt, 
Akt, β-catenin (cat. nos. 4370, 4695, 9611, 4691 and 8480, 
respectively; all dilution, 1:1,000; Cell Signaling Technology, 
Danvers, MA, USA) and GAPDH (cat. no. 13937‑1‑AP; 
dilution, 1:5,000; Proteintech Group, Inc.) at 4˚C overnight, 
followed by an peroxidase-linked goat anti-rabbit -IgG (cat. 
no. 4413; dilution, 1:4,000; Cell Signaling Technology) at 
room temperature for 1 h. Immunoreactive signals were 
detected using an enhanced chemiluminescence reagent 
(Pierce; Thermo Fisher Scientific, Inc.).

Proliferation assay. Cells were counted and plated at 5x103 cells 
in 100-µl medium per well into a 96-well plate, in triplicate. 
At 24, 48, 72 and 96 h after plating, 10 µl Cell Counting kit-8 
(CCK‑8; Beijing Solarbio Science & Technology Co., Ltd., 
Beijing, China) solution was added. After 2 h, the OD value 
was read at a wavelength of 450 nm. The experiment was 
repeated 3 times.

Drug resistance assay. Cells were counted and plated into 
a 96-well plate in triplicate at 8x103 cells per well. At 24 h, 
the medium was replaced with medium containing different 
concentrations of Adriamycin (ADM; HarveyBio, Inc., 
Beijing, China; 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 µmol/l). Cells 
treated with 0 µmol/l served as the control. At 48 h later, 
10 µl CCK-8 solution was added. After 2 h, the OD value 
was read at a wavelength of 450 nm. Survival curves were 
constructed, and the 50% inhibitory concentration (IC50) was 
calculated. Cell inhibition rate=OD value at each concentra-
tion of ADM/OD value at 0 µmol/l ADM (%). To study 
potential molecular mechanism, AKT inhibitor LY294002 or 
WNT/β-catenin inhibitor DKK1 was added into lymphoma 
cells 1 h before ADM and cells were cultured in this system 
for 48 h. The final concentrations of LY294002 and DKK1 
were 50 µM and 50 ng/ml respectively. The experiment was 
repeated ≥3 times.

Statist ical analysis. All results are expressed as 
mean ± standard deviation, and SPSS 13.0 software (SPSS, 
Inc., Chicago, IL, USA) was used for all statistical analysis. 
IC50 was calculated using regression analysis. The differ-
ences between groups were analyzed using two-tailed t tests. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

TNFR2 expression is associated with the proliferation and 
drug resistance of lymphoma cells. As illustrated in Fig. 1, 
RT‑PCR and western blot analysis confirmed the expression of 
TNFR2 in L428 and Karpas299 cells at the mRNA (Fig. 1A) 
and protein (Fig. 1B) levels. Karpas299 cells expressed rela-
tively more TNFR2 and demonstrated a greater proliferative 
ability (Fig. 1C), and an increased resistance to ADM, with an 
IC50 of 1.42±0.24 µmol/l in Karpas299 cells, compared with 
0.728±0.15 µmol/l in L428 cells (Fig. 1D). This suggests that 
there may be a positive association between TNFR2 expres-
sion, and the proliferative and drug resistance abilities of 
lymphoma cells.

TNFR2 promotes the proliferation and drug resistance of 
lymphoma cells. To confirm whether TNFR2 affected the 
proliferation or contributed to the drug resistance of lymphoma 
cells, the expression of TNFR2 was decreased by transfection 
with shRNA against TNFR2, or increased by transfection 
with a TNFR2 plasmid. The shRNA-mediated knockdown 
in Karpas299 was verified at the mRNA and protein level 
(Fig. 2A and B; P<0.05), in addition to the TNFR2 upregu-
lation in L428 (Fig. 2C and D; P<0.05). The knockdown of 
TNFR2 in Karpas299 cells induced a significant decline in 
the proliferative ability (Fig. 2E) and a significant increase 
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Figure 2. Effect of the downregulation or upregulation of TNFR2 in Karpas299 and L428 cells. Expression of TNFR2 was silenced in Karpas299 cells at the 
(A) mRNA and (B) protein levels following transfection with shRNA against TNFR2. The expression of TNFR2 was upregulated in L428 cells at the mRNA 
(C) and (D) protein levels following transfection with a plasmid containing TNFR2. (E) The proliferative ability of Karpas299 cells declined significantly 
following the silencing of TNFR2 and (F) the cell inhibition rate upon ADM treatment increased significantly. (G) The proliferative ability increased signifi-
cantly following the upregulation of TNFR2 and (H) the cell inhibition rate upon ADM treatment declined significantly. *P<0.05. TNFR2, tumor necrosis 
factor receptor 2; sh/shRNA, small hairpin RNA; ADM, adriamycin; OD, optical density.

Figure 1. TNFR2 expression, proliferation and drug resistance of lymphoma cells. TNFR2 expression in L428 and Karpas299 cells was detected using 
(A) reverse transcription-polymerase chain reaction and (B) western blot analysis. (C) Cell proliferation and (D) drug resistance abilities were also determined. 
*P<0.05. TNFR2, tumor necrosis factor receptor 2; OD, optical density; ADM, adriamycin; IC50, 50% inhibitory concentration.
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in the cell inhibition rate following ADM treatment, from 
49.34±5.42% to 74.13±6.81% (P<0.05; Fig. 2F). Following 
the upregulation of TNFR2 expression in L428 cells, the 
proliferative ability increased significantly (Fig. 2G) and 
the cell inhibition rate upon ADM treatment declined from 
47.03±5.25% to 28.71±4.90% (P<0.05; Fig. 2H). These results 
confirmed the roles of TNFR2 in the proliferation and drug 
resistance of lymphoma cells.

AKT and WNT signaling pathways function in the regula‑
tion of proliferation and drug resistance of lymphoma cells 
by TNFR2. AKT, ERK and WNT/β-catenin are important to 
the proliferation and drug resistance of tumor cells (12-14). 
To investigate the potential molecular mechanism underlying 
the effect of TNFR2 up- and downregulation, the expression 
of AKT, ERK and WNT/β-catenin was examined. Following 
the upregulation of TNFR2 expression in L428 cells, the 
phosphorylation of AKT and the expression of β-catenin 
were significantly increased (Fig. 3A). No difference was 
observed in the phosphorylation of ERK. Following the 
addition of the AKT inhibitor, LY294002, the proliferation 
ability of L428 cells overexpressing TNFR2 declined signifi-
cantly (P<0.05 at 96 h; Fig. 3B) and the cell inhibition rate 
following treatment with ADM increased from 28.38±3.94% 
to 40.03±1.88% (P<0.05; Fig. 3C). On the application of a 
WNT/β-catenin inhibitor, DKK1, the proliferative ability of 
L428 cells overexpressing TNFR2 also declined significantly 

(P<0.05 at 72 and 96 h; Fig. 3D) and the cell inhibition rate 
following treatment with ADM increased from 34.07±4.99% 
to 49.36±3.86% (P<0.05; Fig. 3E). These results indicate 
that the AKT and WNT/β-catenin signaling pathways 
contribute to the proliferative and drug resistance abilities 
of lymphoma cells, and that the mechanism is regulated by 
TNFR2.

Discussion

TNFR2 is encoded by the tumor necrosis factor receptor 
superfamily 1B (TNFRSF1B) gene (15). TNFR2 occurs as 
membrane binding TNFR2 (mTNFR2) and soluble TNFR2 
(sTNFR2). To the best of our knowledge, the existing publi-
cations regarding TNFR2 in lymphoma are confined to 
the clinical significance of sTNFR2 in the blood. In 1998, 
Warzocha et al (16) reported that high levels of sTNFR2 
were associated with clinical characteristics and a relatively 
poor prognosis for patients with Hodgkin's lymphoma. In 
2012, Heemann et al (17) reported that patients with circu-
lating levels of sTNFR2 ≥2.16 ng/ml exhibited a 2.07‑fold 
higher relative risk for a reduced overall survival time, and a 
2.49-fold higher risk for reduced event-free survival time. In 
2013, Nakamura et al (18) reported that high levels of sTNFR2 
in the blood were associated with a relatively poor prognosis 
for patients with diffuse large B-cell lymphoma treated with 
the R-CHOP regimen. All of these studies consolidate a role 

Figure 3. AKT and WNT/β-catenin signaling function in the proliferation and drug resistance regulated by TNFR2. (A) β-catenin, p-AKT and p-ERK were 
detected by western blot following the upregulation of the expression of TNFR2 in L428 cells. The AKT inhibitor LY294002 (B) reduced the proliferation 
and (C) increased the cell inhibition rate of L248 cells. The WNT/β-catenin blocker DKK1 (D) reduced the proliferation and (E) increased the cell inhibition 
rate in L248 cells. *P<0.05. TNFR2, tumor necrosis factor receptor 2; p‑, phosphorylated; ERK, extracellular signal‑regulated kinase; OD, optical density.
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for sTNFR2 in lymphoma. However, the role of TNFR2 in 
lymphoma cells remains uncharacterized.

ADM is a conventional chemotherapy drug currently 
used to treat lymphoma, with anti-tumor functions mediated 
by the inhibition of DNA synthesis (19,20). In the present 
study, TNFR2 was expressed in L428 and Karpas299 cells; 
Karpas299 cells expressed relatively more TNFR2 and 
exhibited a greater proliferative ability and ADM resistance, 
indicating that TNFR2 may be associated with the proliferation 
and drug resistance of lymphoma cells. Further experimentation 
revealed that TNFR2 overexpression enhanced the prolifera-
tion and drug resistance of L428 cells, whereas the silencing of 
TNFR2 in Karpas299 cells inhibited the proliferation and drug 
resistance of lymphoma cells. This confirms the role of TNFR2 
in promoting lymphoma progression, and corroborates with the 
previous reports regarding circulating sTNFR2 and prognosis for 
patients with lymphoma.

The AKT- and ERK-associated pathways are critical for medi-
ating various physiological and pathological conditions. In tumors, 
their roles in proliferation, survival, adhesion, drug resistance and 
migration are well established (12,13,21-23). It has been reported 
that inhibiting TNFR2 using a neutralizing antibody may block 
the activation of the AKT signal pathway in cholangiocarcinoma 
cells (9). The Wnt/β-catenin signaling cascade is considered to be 
central to carcinogenesis; it can affect a number of traits associ-
ated with cell malignancy, including proliferation, migration, drug 
resistance and even the maintenance of stemness (14,24). In the 
present study, it was demonstrated that TNFR2 could function in 
proliferation and drug resistance via the AKT and WNT/β-catenin 
signaling pathways. This is consistent with the roles of AKT, 
WNT/β-catenin and TNFR2 in tumor progression that have been 
reported in the past. However, the question remains of whether the 
drug resistance role of TNFR2 could be partly or wholly attributed 
to its pro-proliferative role. Further in vitro experimentation will 
be required to answer this question.

In conclusion, TNFR2 promoted proliferation and 
drug resistance via AKT and WNT/β-catenin signaling 
pathways in lymphoma cells. This may contribute to the under-
standing of TNFR2 function in lymphoma, and provides a 
basis for discovering novel therapeutic targets against lymphoma.
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