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Abstract. Lymphoma is a type of cancer that develops from 
certain immune system cells. Arsenic trioxide (ATO) has 
attracted wide attention owing to its antitumor activities. 
However, the role of ATO in tumorigenesis and progression 
remains to be investigated. In the present study, the antitumor 
function of ATO was investigated in in lymphoma Raji and 
Jurkat cell lines and the effect of ATO on nuclear factor 
(NF)‑κB expression levels. A Cell Counting kit‑8 assay was 
used to assess cellular proliferation and the degree of cell 
apoptosis was measured by flow cytometric analysis; these 
assays demonstrated that ATO inhibited proliferation and 
promoted the apoptosis of Raji and Jurkat cells in a dose‑ and 
time‑dependent manner. Western blot analysis revealed that 
ATO treatment affected the expression of apoptosis‑associ-
ated proteins by downregulating the anti‑apoptotic protein 
B‑cell lymphoma‑2 (Bcl‑2) and upregulating the pro‑apop-
totic protein Bcl‑2‑associatedX and the degree of caspase‑3 
cleavage. In addition, reverse transcription‑quantitative 
polymerase chain reaction and western blot analysis showed 
that the mRNA and protein expression levels of NF‑κB were 
downregulated significantly following treatment with 2 µM 
ATO for 24, 48 and 72 h in the two cell lines. Additionally, 
immunofluorescence staining indicated that NF‑κB expres-
sion diminished following ATO treatment in a time‑dependent 
manner. These data indicated that ATO inhibited the prolif-
eration of lymphoma cells by inducing cell apoptosis, which 
may be associated with the inhibition of the NF‑κB signaling 
pathway. The findings of the present study may lay the 
foundation for developing a personalized medicine strategy 

using ATO via targeting of the NF‑κB signaling pathway in 
lymphoma.

Introduction

Lymphoma is the name given to a group of blood cell tumors 
that begin in lymphocytes (a type of white blood cell), the inci-
dence rate of which has increased slightly among men in recent 
years (1‑3). In recent years, mortality rates for lymphoma have 
been decreasing; however, certain types of lymphoma are more 
aggressive and these patients have a lower survival rate (2,3). 
Therefore, investigating effective therapeutic approaches is 
necessary to prolong survival of patients with lymphoma.

Tumors are caused by abnormal cell proliferation, differ-
entiation and apoptosis, which are due to the activation of 
certain proto‑oncogenes, inactivation of tumor suppressors 
and alterations to apoptosis‑associated genes (4,5). Apoptosis, 
a programmed cell death, exerts a notable role by allowing 
cells to respond appropriately to environmental stimuli (6). 
Tumorigenesis and progression of a number of types of human 
cancer are associated with the dysregulation of the apoptotic 
process (7,8). 

A number of chemotherapeutic agents have been demon-
strated to serve antitumor roles by inducing cell apoptosis, 
resulting in the death of cancer cells (9‑11). The application 
of arsenic trioxide (ATO), an inorganic compound with the 
formula As2O3, is controversial owing to the high toxicity of 
arsenic compounds (12). Despite the toxicity of arsenic, arsenic 
trioxide has been used in a number of traditional Chinese medi-
cines, and has been used to treat cancer (13). Previous studies 
have identified that ATO induces apoptosis in acute promy-
elocytic leukemia (APL) cells (14,15), glioblastoma cells (16) 
and gastric cancer cells (17), and inhibits cell growth in breast 
cancer (18). The use of ATO is also being evaluated for the 
treatment of certain malignancies, including lung cancer (19), 
hepatocellular cancer (20) and basal cell cancer (21). Although 
ATO exhibits a significant antitumor function in multiple 
cancer types, its exact effect on lymphoma and the underlying 
mechanism of action remain under investigation. 

Nuclear factor‑κB (NF‑κB) is a protein complex that 
controls the transcription of DNA, cytokine production 
and cell survival  (22). The dysfunctional regulation of 
NF‑κB has been associated with cancer, inflammatory and 
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autoimmune diseases, septic shock, viral infection and 
improper immune development (23‑26). NF‑κB has been 
recognized as one of the dominant oncogenes associated 
with lymphoma (27). NF‑κB has emerged as a central player 
in the development and maintenance of lymphoma (28). It 
has been revealed that the constitutive activation of the 
canonical and non‑canonical NF‑κB signaling pathways 
has been observed in Hodgkin and Reed/Sternberg cells in 
classical Hodgkin lymphoma (27). It has also been reported 
that the inhibition of NF‑κB activity is involved in the 
apoptosis of lymphoma cells (27).

The present study investigated the effect of ATO on the 
proliferation and apoptosis in human lymphoma cells was 
investigated and the underlying molecular mechanism, with 
particular focus on intracellular expression and localization 
of NF‑κB, and levels of apoptosis‑associated proteins B‑cell 
lymphoma‑2 (Bcl‑2), Bcl‑2‑associated X protein (Bax) and 
caspase‑3. 

Materials and methods

Cell cultures and treatments. The human B lymphoma 
Raji cell line and human T lymphoma Jurkat cell line were 
purchased from Shanghai Institute of Pharmaceutical Industry 
(Shanghai, China). Cells were cultured in RPMI‑1640 medium 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) supple-
mented with 10% fetal bovine serum (FBS; Hangzhou Sijiqing 
Biological Engineering Materials Co., Ltd., Hangzhou, China) 
and 100 µg/ml penicillin and streptomycin (Sigma‑Aldrich, St. 
Merck, KGaA, Darmstadt, Germany). Cell lines were cultured 
at 37˚C in a 5% CO2 incubator. 

Cell viability assay. Cell viability was evaluated using Cell 
Counting kit‑8 (CCK‑8; Beyotime Institute of Biotechnology, 
Haimen, China). A total of 2x105 cells per well were seeded 
in a 96‑well plate and cultured at 37˚C with 5% CO2 to 80% 
confluence, and then were treated with ATO (Sigma‑Aldrich; 
Merck KGaA) at 0.5, 1, 2, 4, 10 and 30 µM for 24, 48 and 
72 h. Next, cells were incubated with CCK‑8 reagent according 
to the manufacturer's protocol and the number of viable cells 
was measured by recording the optical density by using a 
Rainbow microplate reader (Tecan Group, Ltd., Mannedorf, 
Switzerland) at a wavelength of 450 nm, as described previ-
ously  (29). The cell growth inhibition rate was calculated 
according to the formula: Growth inhibition rate (%)=[1‑A 
(experimental group)/A (control group)] x100, where A is the 
absorbance value. The half‑maximal inhibitory concentration 
(IC50) value was adopted as the concentration of drug interven-
tion in future experiments in vitro.

Cell morphology observation. A total of 1x105 Raji cells 
or Jurkat cells per well were seeded in a 24‑well plate and 
cultured at 37˚C with 5% CO2 to reach ~80% confluence, and 
then were treated with or without 2 or 3.5 µM ATO for 0, 24, 
48, and 72 h. Cells were harvested and centrifuged in 1,000 x g 
for 15 min at 4˚C. Cells were washed with PBS three times, 
and then were placed onto a glass slide and the slides were 
stained with Wright's stain (Magnil Dye Chem, Maharashtra, 
India) according to manufacturer's protocol. The glass slides 
were rinsed briefly in running deionized water (pH 7.2) and 

dried in air thoroughly before capturing images by a micro-
scope (Olympus BX51, Olympus Corporation, Tokyo, Japan) 
at x1,000 magnification. 

Detection of early cell apoptosis and necrosis. Raji cells or 
Jurkat cells were grown to 80% confluence and treated with 
2 or 3.5 µM ATO, respectively, for 0, 24, 48 and 72 h at 37˚C. 
ATO for different time periods. Apoptosis was quantified by 
an Annexin V‑fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) assay (BD Biosciences, Franklin Lakes, NJ, 
USA) following the manufacturer's protocol. The Annexin 
V‑FITC/PI assay detects the quantity of phosphatidylserine 
on the outer surface of the plasma membrane (a biochemical 
alteration unique to membranes of apoptotic cells) and the 
quantity of PI, a dye that readily enters dead cells or cells 
undergoing late‑stage apoptosis and binds to DNA but does 
not bind to the plasma membrane of viable cells. Cytoclasis 
rate (Necrosis rate) was detected by PI single staining. 
Fluorescence was detected using a FACSCalibur flow cytom-
eter (BD Biosciences, Franklin Lakes, NJ, USA), and data 
were analyzed using CellQuest version 3.2 software (BD 
Biosciences). Cells with phosphatidylserine on their surface 
were considered to be apoptotic. 

Western blot analysis. Cells were collected and lysed in 
lysis buffer (50 mM Tris‑HCl (pH 7.4), 1 mM EDTA, 1% 
NP40, 150  mM NaCl, 10  mM NaF and 1  mM Na3VO4) 
containing a protease inhibitor cocktail (Roche Applied 
Science, Penzberg, Germany). Following centrifugation at 
12,000 x g for 10 min at 4˚C, the supernatant was collected 
and quantified using a Bicinchoninic acid (BCA) quanti-
fication kit (Beyotime Institute of Biotechnology, Haimen, 
China). Protein samples (50  µg) were separated by 10% 
SDS‑PAGE (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA) and transferred to polyvinylidene fluoride membranes 
(EMD Millipore, Billerica, MA, USA). The membranes were 
blocked with 5% non‑fat dried milk in Tris‑buffered saline 
containing 0.05% Tween 20 for 1 h at room temperature, 
and incubated with the following specific primary anti-
bodies overnight at 4˚C: Rabbit polyclonal IgG to NF‑κB 
(1:1,000; cat no. ab16502; Abcam, Cambridge, UK); mouse 
monoclonal IgG to Bcl‑2 (1:500; vat no. sc7382; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA); rabbit polyclonal IgG 
to Bax (1:500; cat no. sc493; Santa Cruz Biotechnology, Inc.); 
mouse monoclonal IgG to β‑actin (1:1,000; cat no. sc47778; 
Santa Cruz Biotechnology, Inc.); rabbit polyclonal IgG to 
cleaved‑caspase‑3 (1:1,000; cat no. 9661S; Cell Signaling 
Technology, Inc., Danvers, MA, USA), followed by horseradish 
peroxidase‑conjugated secondary antibodies goat anti‑mouse 
(1:2,000; cat no. sc‑2005; Santa Cruz Biotechnology, Inc.) 
and goat anti‑rabbit IgG (1:2,000; cat no.  sc‑2004; Santa 
Cruz Biotechnology, Inc.) for 2  h at room temperature. 
An Enhanced Chemiluminescence detection reagent (GE 
Healthcare, Chicago, IL, USA) was used for develop-
ment. Additionally, IRDye® 800 CW‑labeled secondary 
antibodies goat anti‑mouse (1:10,000; cat  no.  ab216772; 
Abcam, Cambridge, MA) and anti‑rabbit immunoglobulin G 
(1:10,000; cat no. ab216773; Abcam) were used to incubation 
for 1 h at room temperature. Membranes were visualized and 
imaged using an Odyssey infrared imaging system (LI‑COR, 
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Lincoln, NE, USA). The gray value of the targeted bands was 
quantified with QuantityOne software version 4.6.2 (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) following incubation, 
with β‑actin used as the internal reference.

Immunofluorescence and confocal microscopy. The proce-
dure was performed as previously described (30). Raji cells 
or Jurkat cells were fixed with 3% formaldehyde in PBS 
for 20 min at room temperature. After three washes with 
PBS containing 50 mM NH4Cl, the cells were soaked in 
a blocking solution (PBS containing 5% fetal calf serum, 
FCS; Hangzhou Sijiqing Biological Engineering Materials 
Co., Ltd., Hangzhou, China) for 15 min at room tempera-
ture and then permeabilized with 0.1% Triton X‑100 in 
PBS for 5  min. Cells were incubated with anti‑NF‑κB 
antibody (1:1,000; cat no. 8242; Cell Signaling Technology, 
Inc., Danvers, MA, USA) overnight at 4˚C, and stained 
with a rhodamine‑fluorescence labeled goat anti‑rabbit 
secondary antibody (1:1,000; cat  no.  15076; Active 
motif, Inc., Carlsbad, CA, USA) in 1% blocking solution 
(PBS containing 1% FCS) and incubated for 1 h at room 
temperature. Confocal imaging was performed with an 
LSM META510 confocal scanning laser microscope (Carl 
Zeiss AG, Oberkochen, Germany) at x1,000 magnification. 
The images were subsequently analyzed using the freely 
available image processing software ImageJ Version 1.46 
(National Institute of Health, Bethesda, Maryland, USA). 
The observations were made in triplicates, and representa-
tive images are presented here. 

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from Raji cells 
or Jurkat cells with TRIzol reagent (cat  no.  15596‑026; 
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) according to the manufacturer's protocol. Total RNA 
isolated by TRIzol reagent was free of protein and DNA 
contamination. For RT‑qPCR, the isolated RNA was treated 
with amplification grade DNase I (cat  no.  18068‑015; 
Invitrogen, Thermo Fisher Scientific, Inc.). cDNA was 
obtained by RT using the RevertAid™ First Strand cDNA 
synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.). 
The relative mRNA expression levels of target genes 
were detected with a specific TaqMan® Gene Expression 
assay (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) with fluorogenic FAM‑labeled probes. Primers for 
NF‑κB and internal control RNA polymerase II (RPII) 
were designed (31,32), and were synthesized by Shanghai 
Institute of Pharmaceutical Industry (Shanghai, China). The 
primers sequences were as follows: NF‑κB, forward 3'‑GGA​
TTT​CGT​TTC​CGT​TAT​G‑5' and reverse 3'‑GGT​TTG​CGA​
AGC​CGA​CCA‑5'; RPII (internal control), forward 3'‑GCA​
CCA​CGT​CCA​ATG​ACA​T‑5' and reverse 3'‑GTG​CGG​CTG​
CTT​CCA​TAA‑5'.

The two genes were amplified by a first step of 120 sec 
at 95˚C, followed by 45 cycles of 30 sec at 95˚C, 30 sec at 
60˚C and 30 sec at 72˚C. The real‑time fluorescence detection 
was performed using the ABI PRISM 7700 Sequence detector 
(PerkinElmer, Inc., Waltham, MA, USA). NF‑κB expression 
was normalized to the expression of the reference RPII and 
was calculated using the 2ΔΔCq method (33). 

Statistical analysis. At least three replicates were performed 
within the same experiment. The statistical package SPSS 
version 16.0 (SPSS, Inc., Chicago, IL, USA) was used to 
assay the experimental data. Differences were analyzed using 
one‑way analysis of variance, and P<0.05 was considered to 
indicate a statistically significant difference.

Results

ATO treatment inhibits the growth of lymphoma Raji and 
Jurkat cell lines. Human lymphoma Raji and Jurkat cell lines 
were treated with ATO at 0.5, 1, 2, 4, 10 and 30 µM for 24, 48 
and 72 h. Cell viability was evaluated using a CCK‑8 assay 
and the cell growth inhibition rate was calculated. As depicted 
in Fig. 1A and B, ATO treatment inhibited the proliferation of 
Raji and Jurkat cells in a dose‑ and time‑dependent manner. 
ATO treatment at 0.5 µM for 24 and 48 h did not result in 
significant proliferation inhibition in Raji cells, whereas ATO 
treatment at other concentrations for 24 and 48 h and ATO 
treatment at all concentrations for 72 h exhibited significant 
proliferation inhibition activity (Fig. 1A). Additionally, 0.5 µM 
ATO treatment for 24 h did not show a significant prolif-
eration inhibition in Jurkat cells, whereas ATO treatment at 
the other concentrations for 24 h and ATO treatment at all 
concentrations for 48 and 72 h showed significant proliferation 
inhibition activity (Fig. 1B). The IC50 values of the two cell 
lines were then calculated, which were 2.06 µM for Raji cells 
and 3.75 µM for Jurkat cells at 24 h.

ATO treatment induces morphological changes in Raji and 
Jurkat cells. The survival capabilities of Raji cells treated with 
2 µM ATO and Jurkat cells treated with 3.5 µM ATO for 0, 24, 
48 and 72 h, were compared by observing their morphology 
using Wright's staining. The two cell lines exhibited significant 
apoptotic features following ATO treatment for 24 and 48 h, 
with enlarged cells, enlarged vacuole, reduced nucleoplasm, 
rough nuclear chromatin, reduced nucleolus and pyknosis, and 
nuclear apoptotic bodies, compared with untreated control 
cells (Fig. 2A and B). The two cell lines treated with ATO 
for 72 h exhibited significant morphological alterations with 
cellular debris for dead cells (Fig. 2A and B).

ATO treatment induces apoptosis of lymphoma Raji and 
Jurkat cell lines. Raji and Jurkat cell lines were treated with 
2 µM or 3.5 µM ATO for 24, 48 and 72 h. Cell apoptosis was 
evaluated by flow cytometric analysis. The results revealed 
that the apoptosis of Raji and Jurkat cells was significantly 
increased by ATO treatment for 24 and 48 h compared with 
ATO‑untreated control cells. However, ATO‑induced cell apop-
tosis at 72 h was lower than that at 48 h (Fig. 3A). Additionally, 
the cytoclasis rate was increased by ATO treatment for 48 and 
72 h compared with ATO‑untreated control cells (Fig. 3A). 
The expression levels of apoptosis‑associated proteins were 
detected. Western blot analysis demonstrated that ATO treat-
ment for 48 h reduced the expression of the anti‑apoptotic 
protein Bcl‑2 and elevated that of the pro‑apoptotic protein 
Bax and the levels of cleaved caspase‑3 (Fig. 3B). These data 
indicated that ATO inhibited the growth of lymphoma Raji 
and Jurkat cells, possibly by inducing cell apoptosis, with the 
abnormal expression of apoptosis‑associated proteins.
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ATO inhibits protein and mRNA expression levels of 
NF‑κB. To investigate the underlying mechanism behind the 
ATO‑dependent induction of apoptosis in Raji and Jurkat cells, 
the two cells were treated with 2 or 3.5 µM ATO, respectively, 
for 0, 12, 24, 48 and 72 h. Next, NF‑κB protein and mRNA 
expression levels were evaluated by western blot analysis and 
RT‑qPCR. The results revealed that NF‑κB protein expression 
in Raji and Jurkat cells was decreased by ATO treatment in a 
time‑dependent manner (Fig. 4A), and quantification analysis 
supported these results (Fig. 4B). NF‑κB mRNA expression 
levels were also significantly reduced by ATO treatment for 24, 
48 and 72 h in the two cell lines compared with ATO‑untreated 
control cells. However, there was no significant difference in 
the mRNA expression levels of NF‑κB at 24, 48 and 72 h 
(Fig. 4C). These results indicated that NF‑κB protein and 
mRNA expression levels decreased during ATO‑induced cell 
apoptosis in lymphoma Raji and Jurkat cells. 

ATO treatment affects the sub‑cellular localization of NF‑κB. 
To investigate the status of NF‑κB during ATO‑induced cell 
apoptosis in Raji and Jurkat cells, the two cell lines were treated 
with ATO (at the aforementioned concentrations) for 0, 12, 24, 
48 and 72 h, and then the sub‑cellular localization of NF‑κB 
was detected by immunofluorescence analysis. The results 
revealed that fluorescently labeled NF‑κB was expressed in 
the nucleus and cytoplasm of the two cell lines prior to ATO 
treatment, whereas NF‑κB expression diminished gradu-
ally following ATO treatment for 12 and 24 h, and was only 
observed in the cytoplasm after 48 and 72 h (Fig. 5). Nuclei 

were stained using DAPI (data not shown). Fluorescence of 
NF‑κB protein expression was clearly observed all over the 
visible cells under weak light prior to ATO treatment, while 
fluorescence was only observed around the cell membranes 
following ATO treatment for 48 and 72 h. These data indicated 
that NF‑κB may be associated with ATO‑induced cell apop-
tosis in lymphoma Raji and Jurkat cells, with alterations of 
NF‑κB protein expression levels and sub‑cellular localization 
from the nucleus to the cytoplasm.

Discussion

Studies concerning acute leukemia have verified that ATO 
serves a critical role in the inhibition of leukemia cell prolif-
eration, promotion of cell differentiation and stimulation of 
cell apoptosis (14,15). ATO may also inhibit the proliferation 
of various types of lymphoma cells (34‑36), including Burkitt 
lymphoma, by reducing mitochondrial membrane poten-
tial (37,38), consuming ATP and prolonging the cell cycle, 
downregulating the proto‑oncogene Bcl‑2, and upregulating 
tumor protein p53 (39). Previous studies have also revealed that 
ATO increases the proportion of cells in the G2/M phase of the 
cell cycle in lymphoma cells, which is sufficient to induce cell 
apoptosis (40). 

The present study revealed that ATO might inhibit the 
proliferation of B lymphoma Raji cells and T lymphoma Jurkat 
cells, which was time‑ and drug‑concentration‑dependent. ATO 
at a concentration of 0.5 µM (dosage for acute promyelocytic 
leukemia (APL) apoptosis (41) showed little inhibition on growth 
in the two cell lines, indicating that the dosage for clinical ATO 
treatment of lymphoma may possibly exceed the dosage for APL 
treatment. Cell morphology observation and flow cytometric 
analysis indicated that the two cell lines exhibited features of 
apoptosis following ATO treatment for 24 and 48 h, whereas the 
cytosomes of the two cell lines underwent clear necrosis that 
was shown by cytoclasis rate following ATO treatment for 72 h. 
These data demonstrated that ATO might inhibit the prolifera-
tion of lymphoma Raji and Jurkat cells by inducing apoptosis. 
Additionally, it was found that the dosage of ATO that was able 
to inhibit the growth of T lymphoma Jurkat cells by inducing 
cell apoptosis was higher than that required for growth inhibi-
tion in B lymphoma Raji cells.

Figure 2. Morphological alterations of Raji and Jurkat cells prior to and 
following ATO treatment. (A) Raji and (B) Jurkat cells were treated with 2 
and 3.5 µM ATO, respectively, for 0, 24, 48 and 72 h. Cell morphologies were 
compared using Wright's staining (magnification, x1,000). ATO, arsenic 
trioxide. The arrows represent apoptotic cells.

Figure 1. Inhibition of ATO treatment on growth of lymphoma Raji and 
Jurkat cells. (A) Raji and (B) Jurkat cells were treated with 0.5, 1, 2, 4, 10 
and 30 µM ATO for 24, 48 and 72 h. Cell growth was evaluated using a 
Cell Counting kit‑8 and the cell growth inhibition rate was calculated. ATO, 
arsenic trioxide. N.S, not significant. *P<0.05, **P<0.01 and ***P<0.001 vs. 
0.5 µM ATO‑treated cells.
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NF‑κB was initially identified in B lymphocytes and served 
a role as a regulator of the κ‑immunoglobulin gene (42). NF‑κB 
is located in the cytoplasm in an inactivated state. The acti-
vated NF‑κB is translocated into the nucleus where it binds to 
response elements (RE) specific sequences of DNA, and then 
recruits co‑activators and RNA polymerase to regulate gene 
transcription and thus affect translation, resulting in an altera-
tion in cell function (22,43,44). Previous studies have indicated 
that NF‑κB activation is closely associated with tumorigenesis 
and drug resistance in tumors (45,46). Beuso‑Ramos et al (47) 
demonstrated that expression of NF‑κB in acute medullocell 

leukemia cells was frequently upregulated, and therefore the 
cells may have escaped from apoptosis via the regulation of 
certain apoptosis‑resistant genes through expression of NF‑κB. 
Hinz et al (48) revealed that ATO inhibited NF‑κB activation 
followed by its degradation, and consequently induced the 
apoptosis of leukemia cells. ATO was also reported to induce 
apoptosis and incapacitate proliferation and invasive proper-
ties through possible NF‑κB‑mediated inhibition of survivin 
and telomerase activity, and NF‑κB‑dependent suppression of 
cathepsin B, matric metalloproteinase (MMP)‑2 and MMP‑9 
in U87‑MG glioblastoma cells (49). A further previous study 
demonstrated that ATO may prevent NF‑κB from nuclear 
translocation, which thereby led to NF‑κB inactivation, either 

Figure 4. NF‑κB protein and mRNA expression levels in Raji and Jurkat cells 
prior to and following ATO treatment. (A) Raji and Jurkat cells were treated 
with 2 and 3.5 µM ATO, respectively, for 0, 12, 24, 48 and 72 h. NF‑κB 
protein expression was examined by western blot analysis. β‑actin was used 
as an internal reference. (B) Protein expression levels were quantified. The 
bar graph depicts the quantity of NF‑κB protein normalized to β‑actin. 
(C) The expression levels of NF‑κB mRNA was detected by reverse tran-
scription‑quantitative polymerase chain reaction. The differences in NF‑κB 
mRNA expression in the two cell lines prior to and following ATO treatment 
were shown. *P<0.05, **P<0.01 and ***P<0.001 vs. ATO‑untreated cells. ATO, 
arsenic trioxide; NF‑κB, nuclear factor‑κB.

Figure 3. Apoptosis and cytoclasis rate of Raji and Jurkat cells following ATO 
treatment. (A) Raji and Jurkat cells were treated with 2 and 3.5 µM ATO, 
respectively, for 0, 24, 48 and 72 h. The rate of cell apoptosis and cytoclasis 
were evaluated by flow cytometry, (B) Cells were treated with ATO treat-
ment for 48 h and the levels of anti‑apoptotic protein Bcl‑2, pro‑apoptotic 
protein Bax and cleaved caspase‑3 were detected by western blot analysis. 
β‑actin was detected as internal reference. **P<0.01 and ***P<0.001 vs. 
ATO‑untreated cells. ATO, arsenic trioxide; Bcl‑2, B‑cell lymphoma‑2; Bax, 
Bcl‑2‑associated X; Ctrl, control. 
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by upregulation and stabilization of expression of NF‑κB 
inhibitory factor IκB, or by suppression of IκB kinase, which 
blocked the degradation of IκB (50). Immunofluorescence 
analysis performed in the present study revealed that NF‑κB 
existed in the nucleus and cytoplasm of lymphoma cells prior 
to ATO treatment, whereas nuclear NF‑κB was gradually 
decreased following ATO treatment, and was possibly inacti-
vated or degraded. Endonuclear NF‑κB was almost completely 
degraded following ATO treatment for 48 h, whereas the 
expression of cytoplasmic NF‑κB was observed, which 
provided evidence of synchronism in T lymphoma Jurkat 
and B lymphoma Raji cells. Thus, it was concluded that ATO 
inhibited the proliferation of lymphoma cells by influencing 
the intracellular localization of NF‑κB.

The present study revealed that the NF‑κB gene and 
protein were highly expressed in lymphoma cells prior to 
ATO treatment, with greater expression levels observed in in 
T lymphoma cells than in B lymphoma cells, which was in 
accordance with clinical therapeutic effectiveness and prog-
nosis of T cell lymphoma compared with B cell lymphoma 
identified in a preliminary study (data not shown). Following 
ATO treatment for 24 h, NF‑κB gene and protein expression 
levels began to change and the rates of cell apoptosis signifi-
cantly increased in T and B lymphoma cells, indicating that 
ATO inhibited the proliferation of lymphoma cells, possibly 
by inducing apoptosis. In addition, it was found that in B 
cell lymphoma cells, NF‑κB gene and protein expression 
did not vary greatly between the three ATO treatment time 
points (24, 48 and 72 h), whereas in T cell lymphoma cells, 
NF‑κB gene expression did not exhibit a change following 
ATO treatment for 48  h; NF‑κB protein expression was 
relatively stable between 24 and 48 h, but dropped markedly 
after 72 h. These data demonstrated that NF‑κB expression 
in lymphoma altered following 24 h ATO treatment, and the 
subsequent stable NF‑κB expression between 24 and 48 h 
in the two cell lines may imply that NF‑κB is an upstream 
promoter of ATO induced apoptosis pathway in lymphoma 
cells, and inhibition of NF‑κB activity would further regulate 
downstream signal transduction molecules such as vascular 
endothelial growth factor (VEGF). Previous studies have 
reported that NF‑κB targets the VEGF gene, which has a 
specific binding site for NF‑κB on its promoter (51,52). When 
NF‑κB is activated by external stimulation, it translocates 
into the nucleus; the activated κB sequence then binds to the 
VEGF promoter to promote the transcription to upregulate 

VEGF expression and thus induces tumor neovasculariza-
tion  (51,52). Whether downregulated NF‑κB influences 
VEGF directly or through a series of signal transduction 
pathways following ATO treatment remains unclear, with 
further investigation required.

The present study revealed that NF‑κB gene and protein 
expression in T cell lymphoma was further downregu-
lated, after being stable for a certain time period following 
drug treatment; however, the drug concentration required 
in T cell lymphoma was greatly increased compared with 
B cell lymphoma, indicating that the clinical treatment of 
T cell lymphoma with ATO may require higher doses and a 
longer administration time to achieve drug efficacy in T cell 
lymphoma, compared with B cell lymphoma. However, further 
clinical research is required to verify this hypothesis. 
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