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Abstract. Lymphoma is a hematological malignancy that origi
nates from lymph nodes and lymphoid tissues and is divided 
into Hodgkin lymphoma (HL) and non‑Hodgkin lymphoma 
(NHL), based on its histopathological characteristics. The aim 
of this study was to investigate the effects of arsenic sulfide 
(As2S2), the main ingredient of realgar, on the proliferation 
and apoptosis of the Raji B‑cell lymphoma and Jurkat T‑cell 
lymphoma lines, comparing the sensitivity between the two cell 
lines and investigating the possible underlying mechanisms. 
The two lymphoma cell lines were cultured in vitro, using 
different concentrations of As2S2 for different time periods. The 
cell proliferation was detected using the Cell Counting kit‑8 
(CCK‑8). Apoptosis was assessed via flow cytometry. Expres-
sion levels of the apoptosis‑associated genes [Homo sapiens 
Bcl‑2‑associated X protein (BAX), Homo  sapiens B‑cell 
CLL/lymphoma 2 (Bcl‑2), Homo sapiens Bcl‑2‑like protein 1 
(BCL2L1, Bcl‑xL), Homo  sapiens v‑myc myelocytoma-
tosis viral oncogene homolog (avian) (MYC, c‑Myc) and 
Homo sapiens pim‑1 oncogene (PIM)] were measured via the 
reverse transcription polymerase chain reaction (RT‑PCR) 
method. The results demonstrated that As2S2 inhibited 
proliferation and induced apoptosis in the two lymphoma 
cell lines in a time‑ and concentration‑dependent manner, 
with the Raji cells being more sensitive to As2S2 compared 
to Jurkat cells. As2S2 may also alter the expression levels of 
different apoptosis‑associated genes, with the alterations of 
the mRNA expression levels being different between Raji and 
Jurkat cells. These findings indicated that As2S2 may inhibit 
the proliferation and promote the apoptosis of non‑Hodgkin 
lymphoma (NHL) cell lines and that B‑cell lymphoma cell 
lines are more sensitive compared to T‑cell lymphoma cell 
lines. The possible underlying mechanism is that As2S2 alters 
the expression levels of the apoptosis‑associated genes and 
activates apoptosis‑associated signaling pathways.

Introduction

Lymphoma is a hematological malignancy that originates 
from lymph nodes and lymphoid tissues and is divided into 
Hodgkin lymphoma (HL) and non‑Hodgkin lymphoma 
(NHL), based on its histopathological characteristics. HL may 
have a better prognosis compared to NHL due to the use of 
combination chemotherapy. Among all NHLs, Burkitt and 
T‑cell lymphoma are the most highly aggressive types and 
have a poor prognosis due to their rapid infiltration. Currently, 
R‑CHOP or other combination chemotherapy do not achieve 
satisfactory outcomes  (1) and other effective therapeutic 
options are required.

Arsenic sulfide (As2S2) is the main ingredient of realgar, 
a traditional Chinese medicine, which may be orally admin-
istered. Since the identification of its promising therapeutic 
effects on acute promyelocytic leukemia (APL) in the 1990s (2), 
other studies based on the compound realgar natural indigo 
tablet were sequentially conducted. Results of those studies 
demonstrated that the therapeutic effects of this compound 
were reliable and equivalent to those of retinoic acid, the 
first‑line drug for the treatment of APL (3). Additionally, it is 
safe to use this compound since, as opposed to arsenic trioxide 
(As2O3), it may be orally administered and the main adverse 
effects, such as gastrointestinal reactions and hepatic dysfunc-
tion, are highly manageable. Although a few studies on the 
effectiveness of the As2O3 on blood disorders are currently 
available, the number of studies on the effectiveness of the 
As2S2 on NHLs is limited (4-11).

In the present study, the effects of As2S2 on the proliferation 
and apoptosis on Raji and Jurkat NHL cell lines were measured, 
their sensitivities compared and the apoptosis‑associated 
genes quantitatively measured to investigate the underlying 
mechanisms and provide a theoretical basis for the treatment 
of NHLs.

Materials and methods

Cell lines, reagents and drugs. The Raji human Burkit 
lymphoma cell line and the Jurkat human T‑lymphoma 
cell line were provided by our laboratory and cultured in 
RPMI‑1640, supplemented with 10% fetal bovine serum 
(Hyclone, Logan, UT, USA), in a humidified atmosphere 
with 5% CO2 at 37˚C. We previously investigated other NHL 
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cell lines and made certain observations (12-15). Additional 
studies were also conducted on various NHL cell lines, such 
as MEC‑1 and Ly‑1, at that time. As2S2 (Alfa Aesar, Ward Hill, 
MA, USA) was dissolved in 0.1 M sodium hydroxide to create 
a stock solution of 1 mM (16). Stock solutions were diluted in 
RPMI‑1640 medium to achieve the final concentrations (16).

Drug concentration settings. The stock solutions were diluted 
to achieve the concentrations of 0.1, 1, 2, 3, 4, 5 and 6 µM 
As2S2 on Raji cells and 1, 10, 20, 30, 40 and 50 µM As2S2 on 
Jurkat cells. Based on the results of our preliminary experi-
ments, cells were collected after 24, 48 and 72 h of treatment.

Cell counting kit-8 (CCK‑8) method. Raji and Jurkat cells 
(1x105 cells/ml in 96‑well microplates) were incubated with 
different concentrations of As2S2 (0.1, 1, 2, 3, 4, 5 and 6 µM for 
Raji cells and 1, 10, 20, 30, 40 and 50 µM for Jurkat cells) for 
different time periods (24, 48 and 72 h). The control group was 
incubated only with RPMI‑1640, supplemented with 10% fetal 
bovine serum. The CCK‑8 assay was performed following the 
instructions of the CCK‑8 kit (Biyuntian, Jiangsu, China). Cell 
proliferation was measured in terms of optical absorbance per 
well by a microplate reader at a wavelength of 450 nm. The 
growth inhibition rate and the 50% growth‑inhibitory concen-
tration (IC50) value of As2S2 were calculated using SPSS 17.0 
software. The growth inhibition rate (IR) was calculated as: 
IR (%) = (Acontrol‑Aexperiment)̸(Acontrol‑Abackground) x 100%.

Flow cytometry. A cytometric analysis (FACSCanto Ⅱ flow 
cytometry; BD Biosciences, Franklin Lakes, NJ, USA) was 
used to evaluate cell apoptosis under different concentrations of 
As2S2 (1, 2, 3, 4 and 5 µM for Raji cells and 10, 20, 30, 40 and 
50 µM for Jurkat cells) as well as for different time periods (24, 
48 and 72 h). The protocol was applied according to the instruc-
tions of the Annexin V‑FITC Apoptosis Detection kit (Kaiji Bio 
Co., Nanjing, China). In the present study, the FITC+PE‑ and 
FITC+PE+ cells were considered as apoptotic. The apoptotic 
rate was calculated as: [FITC+PE‑ cells + FITC+PE+ cells]̸total 
cells assessed. Subsequent to the calculation of all the apoptotic 
rates, the rates were compared with those of the control group to 
obtain a relative apoptosis rate ratio.

qPCR. The half maximal (50%) inhibitory concentration 
(IC) of As2S2 (IC50) on Raji and Jurkat cells was calculated, 
as described below. The IC50 value of As2S2 on Raji cells at 
48 h was 2.942 µM, whereas that on Jurkat cells was 39.2 µM. 
Total RNA was isolated from Raji and Jurkat cell lines treated 
with or without As2S2 (0.5 and 2.942 µM for Raji cells and 
2.942 and 39.2 µM for Jurkat cells, respectively) using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA). The quality of the 
isolated RNA was assessed using a UV spectrometer and 
the cDNA was synthesized with 1 µg of total RNA (Takara 
Bio Inc., Shiga, Japan). The amplification mix consisted of: 
i) SYBR Premix Ex Taq™, 10.0 µl; ii) Primer F (10 µM), 
0.4 µl; iii) Primer R (10 µM), 0.4 µl; iv) DNA template, 4.0 µl; 
and v) dH2O, 7.2 µl. Amplification was performed following 
the two‑step standard amplification procedures on the 
LightCycler 480 quantitative PCR instrument, using β‑actin 
as an internal reference. The primer sequences are listed in 
Table Ⅰ. The calibrator‑normalized ratio was calculated using 

the formula: RQ=2‑∆∆Ct [∆∆Ct = (Cttargeted gene ‑ Ctβ‑actin)targeted 

sample ‑ (Cttargeted gene ‑ Ctβ‑actin)calibration sample].

Statistical analysis. Statistical analysis was performed using 
SPSS 17.0 software. Data were presented as means ± standard 
deviation. Comparisons between groups were performed with 
the Student's t‑test. P<0.01 was considered to indicate a statis-
tically significant difference.

Results

As2S2 inhibits the proliferation of NHL cells, with Raji being 
more sensitive compared to Jurkat cells. To evaluate the inhi
bitory effects of As2S2 on the growth of NHL cells, Raji and 
Jurkat cells were treated with different concentrations of As2S2 
(0.1, 1, 2, 3, 4, 5 and 6 µM for Raji and 1, 10, 20, 30, 40 and 
50 µM for Jurkat cells) for 24, 48 and 72 h. IR and IC50 were 
measured via the CCK‑8 method. The results demonstrated 
that the growth of Raji and Jurkat cells was inhibited by As2S2 
in a time‑ and dose‑dependent manner (Fig. 1). In addition, 
Raji cells were more sensitive compared to Jurkat cells. The IR 
for Raji cells reached 47.64% when treated with 3 µM As2S2 
for 24 h and reached a peak after 72 h (89.45%), whereas the IR 
for Jurkat cells only reached 48.11% when treated with 40 µM 
As2S2 for 24 h, with a peak inhibitory rate of 75.69% with 
40 µM As2S2 for 72 h.

As2S2 induces the apoptosis of NHL cells, with Raji cells 
being more sensitive compared to Jurkat cells. To investigate 
whether As2S2 is able to induce apoptosis in the NHL cell 
lines, the Raji and Jurkat cells were treated with different 
concentrations of As2S2 (1, 2, 3, 4 and 5 µM for Raji and 
10, 20, 30, 40 and 50 µM for Jurkat cells) for 24, 48 and 
72 h. FACSCanto Ⅱ flow cytometry was used to measure 
cell apoptosis according to the instructions of the Annexin 

Table Ⅰ. Primers used in reverse transcription polymerase 
chain reaction.

Gene	 Primers

BAX	 F: CCCGAGAGGTCTTTTTCCGAG
	 R: CCAGCCCATGATGGTTCTGAT
Bcl‑2	 F: ATGTGTGTGGAGAGCGTCAA
	 R: ACAGTTCCACAAAGGCATCC
Bcl‑xL	 F: TCAGAGCTTTGAGCAGGTAG
	 R: AAGGCTCTAGGTGGTCATTC
c‑Myc	 F: GGCTCCTGGCAAAAGGTCA
	 R: AGTTGTGCTGATGTGTGGAGA
PIM	 F: GAGAAGGACCGGATTTCCGAC
	 R: CAGTCCAGGAGCCTAATGACG
β‑actin	 F: TGACGTGGACATCCGCAAAG
	 R: CTGGAAGGTGGACAGCGAGG

BAX, Homo sapiens Bcl‑2‑associated X protein; Bcl‑2, Homo sapiens 
B‑cell CLL/lymphoma 2; Bcl‑xL, Homo  sapiens Bcl‑2‑like  1 
(BCL2L1); c‑Myc, Homo  sapiens v‑myc myelocytomatosis viral 
oncogene homolog (avian) (MYC); PIM, Homo sapiens pim‑1 onco-
gene; F, forward; R, reverse.
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V‑FITC Apoptosis Detection kit. The results demonstrated 
that As2S2 induced apoptosis of the NHL cells in a time‑ and 
dose‑dependent manner. In addition, As2S2 induced apoptosis 
in Raji cells at smaller doses and after a shorter treatment 

time. The apoptotic rate reached 52.50% when cells were 
treated with 4 µM of As2S2 for 48 h, whereas to achieve a 
similar apoptotic rate, Jurkat cells required treatment with 
30 µM of As2S2 for 72 h (Tables Ⅱ and Ⅲ).

Figure 1. Inhibitory effect of arsenic sulfide (As2S2) on the proliferation of Raji and Jurkat cells under different concentrations and time periods compared to 
the control group. (A) Raji cells were treated with different concentrations (0.1, 1, 2, 3, 4, 5 and 6 µM) of As2S2 for 24, 48 and 72 h. (B) Jurkat cells were treated 
with different concentrations (1, 10, 20, 30, 40 and 50 µM) of As2S2 for 24, 48 and 72 h.

Table Ⅱ. Apoptotic rates and apoptotic rate ratios of Raji cells.

	 Apoptotic rate (%)	 Apoptotic rate ratio
	 ----------------------------------------------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑-----------------------------------------	 ---------------------------------------‑‑------------------------------
Group	 24 h	 48 h	 72 h	 24 h	 48 h	 72 h

Control	 4.51±0.05	 4.20±0.16	 4.05±0.09	 1.00	 1.00	 1.00
1 µMa	 6.26±0.10	 5.79±0.16	 13.87±0.74	 1.39	 1.38	 3.42
2 µMa	 10.11±2.77	 18.23±1.00	 35.40±1.83	 2.24	 4.34	 8.74
3 µMa	 12.57±0.98	 43.60±0.30	 43.90±2.62	 2.79	 10.38	 10.84
4 µMa	 15.51±1.17	 52.50±1.94	 52.80±1.87	 3.44	 12.50	 13.04
5 µMa	 20.34±0.36	 57.70±2.16	 54.00±3.28	 4.51	 13.74	 13.33

aConcentration of As2S2.

Table Ⅲ. Apoptotic rates and apoptotic rate ratios of Jurkat cells.

	 Apoptotic rate (%)	 Apoptotic rate ratio
	 -----------------------------------------------------------------------------------------------------------	 -----------------------------------------‑----------------------------
Group	 24 h	 48 h	 72 h	 24 h	 48 h	 72 h

Control group	 5.25±0.21	 4.14±0.11	 4.03±0.07	 1.00	 1.00	 1.00
10 µMa	 10.15±0.05	 8.82±0.1	 11.88±1.83	 1.93	 2.13	 2.95
20 µMa	 14.48±1.05	 13.48±0.21	 27.87±2.05	 2.76	 3.26	 6.92
30 µMa	 19.44±0.61	 19.81±0.96	 54.14±2.09	 3.70	 4.79	 13.43
40 µMa	 24.10±1.22	 22.29±1.7	 55.47±1.81	 4.59	 5.38	 13.76
50 µMa	 26.30±1.05	 40.10±0.18	 75.38±2.06	 5.01	 9.69	 18.70

aConcentration of As2S2.
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As2S2 alters the expression levels of apoptosis‑related genes. 
Results of this study indicated that the expression levels of 
apoptosis‑related genes were altered by As2S2 and the changes 
observed in Raji cells differed from those in Jurkat cells. The 
results (Fig. 2) demonstrated the following: i) in Raji cells, there 
was no significant change in Homo sapiens Bcl‑2‑associated X 
protein (BAX) expression (P>0.01) under low concentra-
tions (0.5 µM) of As2S2 for 48 h, whereas it increased by 
1.61‑fold when treated with a higher concentration (IC50 dose, 
2.942 µM) (P<0.01). The expression of BAX in Jurkat cells 
was reduced to a lower level (P<0.01); ii) The expression 
variation trend of the Homo sapiens B‑cell CLL/lymphoma 2 
(Bcl‑2) was similar in the two NHL cell lines: it increased with 
the increases in the concentration of As2S2 (P<0.01); iii) The 
expression of Homo sapiens Bcl‑2‑like 1 (BCL2L1, Bcl‑xL) 
was initially increased, followed by a decrease in Raji cells, 
whereas in Jurkat cells it exhibited a decreasing tendency 
(P<0.01); iv) The expression variation trend of Homo sapiens 
v‑myc myelocytomatosis viral oncogene homolog (avian) 
(MYC, c‑Myc) was similar in the two cell lines: it was initially 
raised by a few folds compared to the control group (P<0.01) 
and then decreased to levels similar to those in the control 
group (P>0.01). v) As regards Homo sapiens pim‑1 onco-
gene (PIM), there were no significant changes in Raji cells 
(P>0.01), whereas a significant decrease was observed in the 
Jurkat cell line (P<0.01). Changes in the expression levels of 
the apoptosis‑associated genes under the effect of lower As2S2 

concentrations were more distinct compared to those under 
higher concentrations.

Discussion

As2S2 has been attracting attention due to the merits of its 
oral administration and lower toxicity. Following a literature 
review, it was noted that the number of studies available on 

the effects of As2S2 on NHLs, particularly with regard to the 
comparison between B- and T‑cell lymphomas, is limited. 
Our study aimed to elucidate the mechanism underlying the 
effects of As2S2 on NHL cells. Our findings indicated that, 
under certain concentration ranges, As2S2 may inhibit the 
proliferation of the Raji and Jurkat cell lines in a time‑ and 
dose‑dependent manner. As2S2 may also induce apoptosis in 
the Raji and Jurkat cell lines in a time‑ and dose‑dependent 
manner. The statistics mentioned above suggest that the key 
mechanisms underlying the effect of As2S2 on NHL cells are 
proliferation inhibition and apoptosis induction. The expres-
sion levels of the apoptosis‑associated genes are also altered, 
leading to changes in certain signaling pathways.

In the present study, As2S2 distinctly inhibited the prolife
ration of Raji cells (IR, 47.64%) at a lower concentration 
(3 µM) and shorter acting time (24 h), whereas to achieve a 
similar inhibitory rate in Jurkat cells (48.11%), a significantly 
higher concentration of As2S2 (40 µM) was required for at least 
24 h. A similar phenomenon was observed in the apoptosis 
rates using flow cytometry. A lower concentration and shorter 
acting time of As2S2 (4 µM for 48 h) achieved a high apoptosis 
rate in Raji cells (52.50%), whereas to achieve a similar result 
in Jurkat cells (53.93%), a higher concentration and longer 
acting time of As2S2 (30 µM for 72 h) was required. Therefore, 
Raji cells are more sensitive to As2S2 compared to Jurkat 
cells and may exhibit higher inhibitory and apoptotic rates 
following treatment with lower concentrations of As2S2 for 
shorter time periods. These results suggest that B‑lymphoma 
cells were more sensitive to arsenic compared to T‑lymphoma 
cells, as previously reported (4).

The significant difference between tumor and normal cells 
is that tumor cells have the ability to undergo uncontrollable 
proliferation, differentiation and apoptosis. The majority of 
chemotherapeutic drugs, including As2S2, are aimed at inhib-
iting the proliferation and inducing the apoptosis of these 

Figure 2. Relative mRNA levels were quantified by qPCR using β‑actin as the reference gene (A) Relative mRNA of Raji cells. (B) Relative mRNA of Jurkat 
cells. Results are presented as means ± standard error of the mean of a triplicate assay for three independent experiments. Significance was set at P<0.01. 
BAX, Homo sapiens Bcl-2‑associated X protein; Bcl‑2, Homo sapiens B‑cell CLL/lymphoma 2; Bcl-xL, Homo sapiens Bcl-2‑like 1 (BCL2L1); c‑Myc, 
Homo sapiens v‑myc myelocytomatosis viral oncogene homolog (avian) (MYC); PIM, Homo sapiens pim‑1 oncogene; CTR, control. 
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uncontrollable cells. In the present study, apoptosis‑related 
genes were investigated to elucidate the mechanisms under-
lying the effects of As2S2 on Raji and Jurkat cells. BAX, Bcl‑2, 
Bcl‑xL, c‑Myc and PIM are important genes that are able to 
control the apoptotic processes of tumor cells. Among these, 
BAX, Bcl‑2 and Bcl‑xL are members of the Bcl‑2 family 
and are involved in the mitochondrial apoptotic pathway as 
apoptotic inducers or inhibitors (17). The protein encoded by 
c‑Myc is a multifunctional nuclear phosphoprotein that plays 
an important role in cell cycle progression, cellular apoptosis 
and transformation. The protein encoded by PIM plays a 
vital role in signal transduction in blood cells, contributing 
to cell proliferation and survival, thus providing a selec-
tive advantage in tumorigenesis. These two proteins may 
significantly affect the cell cycle and are highly expressed in 
malignant cells. Since c‑Myc is an early response gene neces-
sary for G1‑ to S‑phase cell cycle transition, it may promote 
cell proliferation, regulate cell apoptosis, competition and 
differentiation, form heterodimers with Max and directly 
bind DNA at the E‑box sequences to induce transcription 
and inhibit the interaction of c‑Myc̸Max with Miz‑1 at 
DNA initiator elements, exerting a dual effect on malignant 
cells (18). The PIM protein belongs to the Ser̸Thr protein 
kinase family, is involved in multiple signal transduction 
pathways and is highly expressed in several types of tumors, 
including lymphoma (19).

In this study, the expression variation trends of BAX and 
Bcl‑xL in Raji and Jurkat cells following treatment with As2S2 
were in accordance with previous studies (20-22), with the 
difference that BAX in Jurkat cells was reduced to a lower 
level compared to the control group (P<0.01). Kang et al (23) 
conducted a study on human cervical cancer cells and 
reported that the translocation of BAX and the phosphory-
lation of Bcl‑2 were associated with cell apoptosis and the 
increased level of mitochondrial BAX coexisted with no or 
minimal change in the total amount of BAX. Furthermore, 
BAX translocation presented as an increase in mitochondrial 
BAX, with no or minimal change in the total intracellular 
BAX. In addition, the composition of BAX may differ 
between the two cell lines originating from different ances-
tors. Consequently, BAX may exhibit a functional variability 
between cell lines. Furthermore, findings of that study (23) 
offered an explanation for our findings, which demonstrated 
that the expression levels of the Bcl‑2 gene were increased 
following treatment with As2S2, which was inconsistent 
with previous studies (22,24-26): the Bcl‑2 mRNA was high 
whereas the Bcl‑2 protein levels were low due to intracellular 
Bcl‑2 phosphorylation.

Despite the fact that there was no obvious variation in Raji 
cells following treatment with As2S2 (P>0.01), the expres-
sion variation trend of PIM was in accordance with that of 
Bcl‑xL, as previously reported (27). According to previous 
findings  (28), exposure to low doses (2 µM) of inorganic 
arsenic for long periods may increase the expression level of 
c‑Myc in the JB6 cell line and inorganic arsenic may cause 
changes in the cell cycle and increase the intracellular c‑Myc 
protein levels (29). In addition, the effects of higher doses of 
As2S2 did not differ significantly from those of lower doses, 
the possible reason being that the toxicity of the drug itself 
affected the proliferation and apoptosis of tumor cells, i.e., 

the IC50 dose was too high a burden for the cells to assess the 
mRNA levels.

In summary, As2S2 may inhibit cell proliferation and 
induce apoptosis in B‑ and T‑lymphoma cell lines through 
altering the expression levels of apoptosis‑related genes and 
activating or inhibiting specific signaling pathways within 
those cells. Furthermore, B‑lymphoma cells are more sensi-
tive to As2S2. These results may provide a foundation for the 
clinical treatment of NHLs. However, additional investiga-
tions are required to elucidate the interactions between the 
signaling pathways.

Acknowledgements

This study was supported by grants from the Natural Science 
Foundation of Shandong, China (nos. ZR2009CM059 and 
ZR2012HZ003) and the Project of Scientific and Technological 
Development of Shandong, China (nos. 2007GG10002008 and 
2010GSF10250).

References

  1.	Aukema SM, Siebert R, Schuuring E, et al: Double‑hit B‑cell 
lymphomas. Blood 117: 2319‑2331, 2011.

  2.	Bai Y and Huang S: Studies on red orpiment induction of NB4 
and HL-60 cell apoptosis. Zhonghua Xue Ye Za Zhi 19: 477-480, 
1998 (In Chinese).

  3.	Qian L and Zhao Y: The cooperation group of phase II clinical 
trial of compound huangdai tablet in newly diagnosed acute 
promyelocytic leukemia. Chin J Hematol 27: 801-804, 2006 (In 
Chinese).

  4.	Chen D, Chan R, Waxman S and Jing Y: Buthionine sulf-
oximine enhancement of arsenic trioxide-induced apoptosis 
in leukemia and lymphoma cells is mediated via activation of 
c-Jun NH2-terminal kinase and up-regulation of death receptors. 
Cancer Res 66: 11416-11423, 2006. SAME AS CURRENT REF 
8

  5.	Wang R, Liu C, Xia L, et al: Ethacrynic acid and a derivative 
enhance apoptosis in arsenic trioxide-treated myeloid leukemia 
and lymphoma cells: the role of glutathione S-transferase p1-1. 
Clin Cancer Res 18:6690-6701, 2012.

  6.	Li HM, Long Y, Qing C, et al: Arsenic trioxide induces apoptosis 
of Burkitt lymphoma cell lines through multiple apoptotic 
pathways and triggers antiangiogenesis. Oncol Res 19: 149-163, 
2011.

  7.	Dbaibo GS, Kfoury Y, Darwiche N, et al: Arsenic trioxide 
induces accumulation of cytotoxic levels of ceramide in acute 
promyelocytic leukemia and adult T-cell leukemia/lymphoma 
cells through de novo ceramide synthesis and inhibition of gluco-
sylceramide synthase activity. Haematologica 92: 753-762, 2007.

  8.	Jung HJ, Chen Z and McCarty N: Synergistic anticancer effects 
of arsenic trioxide with bortezomib in mantle cell lymphoma. 
Am J Hematol 87: 1057-1064, 2012.

  9.	Brown M, Bellon M and Nicot C: Emodin and DHA potently 
increase arsenic trioxide interferon-alpha-induced cell death 
of HTLV-I-transformed cells by generation of reactive oxygen 
species and inhibition of Akt and AP-1. Blood 109: 1653-1659, 
2007.

10.	Chang JE, Voorhees PM, Kolesar JM, et al: Phase II study of 
arsenic trioxide and ascorbic acid for relapsed or refractory 
lymphoid malignancies: a Wisconsin Oncology Network study. 
Hematol Oncol 27: 11-16, 2009.

11.	Bhalla S, Gordon LI, David K, et al: Glutathione depletion 
enhances arsenic trioxide-induced apoptosis in lymphoma cells 
through mitochondrial-independent mechanisms. Br J Haematol 
150: 365-369, 2010.

12.	Jiang YJ, Sun Q, Fang XS and Wang X: Comparative mito-
chondrial proteomic analysis of Raji cells exposed to adriamycin. 
Mol Med 15: 173‑182, 2009.

13.	Jiang Y, Liu X, Fang X and Wang X: Proteomic analysis of 
mitochondria in Raji cells following exposure to radiation: 
implications for radiotherapy response. Protein Pept Lett 16: 
1350‑1359, 2009.



LI et al:  EFFECTS OF As2S2 ON LYMPHOMA CELLS588

14.	Ge X, Lv X, Feng L, et al: Metadherin contributes to the patho-
genesis of diffuse large B‑cell lymphoma. PLoS One 7: e39449, 
2012.

15.	Ge X, Lv X, Feng L, Liu X and Wang X: High expression 
and nuclear localization of β‑catenin in diffuse large B‑cell 
lymphoma. Mol Med Rep 5: 1433‑1437, 2012.

16.	Yin T, Wu YL, Sun HP, et al: Combined effects of As4S4 and 
imatinib on chronic myeloid leukemia cells and BCR‑ABL onco-
protein. Blood 104: 4219‑4225, 2004.

17.	Danial NN and Korsmeyer SJ: Cell death: critical control points. 
Cell 116: 205‑219, 2004.

18.	Uribesalgo I, Benitah SA and Di Croce L: From oncogene 
to tumor suppressor: the dual role of Myc in leukemia. Cell 
Cycle 11: 1757‑1764, 2012.

19.	Zhukova Iu N, Alekseeva MG, Zakharevich NV, Shtil AA and 
Danilenko VN: The Pim family of protein kinases: structure, 
functions and roles in hematopoietic malignancies. Mol Biol 
(Mosk) 45: 755‑764, 2011 (In Russian).

20.	Chang KH, Sanchez‑Aguilera A, Shen S, et al: Vav3 collaborates 
with p190‑BCR‑ABL in lymphoid progenitor leukemogenesis, 
proliferation, and survival. Blood 120: 800‑811, 2012.

21.	Tun‑Kyi A, Qin JZ, Oberholzer PA, et  al: Arsenic trioxide 
down‑regulates antiapoptotic genes and induces cell death in 
mycosis fungoides tumors in a mouse model. Ann Oncol 19: 
1488‑1494, 2008.

22.	Chen GQ, Zhu J, Shi XG, et  al: In vitro studies on cellular 
and molecular mechanisms of arsenic trioxide (As2O3) in the 
treatment of acute promyelocytic leukemia: As2O3 induces 
NB4 cell apoptosis with downregulation of Bcl‑2 expression 
and modulation of PML‑RAR alpha/PML proteins. Blood 88: 
1052‑1061, 1996.

23.	Kang YH and Lee SJ: The role of p38 MAPK and JNK in arsenic 
trioxide‑induced mitochondrial cell death in human cervical 
cancer cells. J Cell Physiol 217: 23‑33, 2008.

24.	Ho SY, Chen WC, Chiu HW, Lai CS, Guo HR and Wang YJ: 
Combination treatment with arsenic trioxide and irradiation 
enhances apoptotic effects in U937 cells through increased 
mitotic arrest and ROS generation. Chem Biol Interact 179: 
304‑313, 2009.

25.	Zhu J, Okumura H, Ohtake S, Nakamura S and Nakao S: The 
molecular mechanism of arsenic trioxide‑induced apoptosis and 
oncosis in leukemia/lymphoma cell lines. Acta Haematol 110: 
1‑10, 2003.

26.	Li HM, Long Y, Qing C, et al: Arsenic trioxide induces apoptosis 
of Burkitt lymphoma cell lines through multiple apoptotic 
pathways and triggers antiangiogenesis. Oncol Res 19: 149‑163, 
2011.

27.	Brault L, Menter T, Obermann EC, et al: PIM kinases are 
progression markers and emerging therapeutic targets in 
diffuse large B‑cell lymphoma. Br J Cancer 107: 491‑500, 
2012.

28.	Zhang Y, Wang Q, Guo X, Miller R, Guo Y and Yang HS: 
Activation and up‑regulation of translation initiation factor 4B 
contribute to arsenic‑induced transformation. Mol Carcinog 50: 
528‑538, 2011.

29.	Ru i z ‑ R a m o s  R ,  L o p ez ‑ C a r r i l l o  L ,  A lb o r e s   A , 
Hernandez‑Ramirez RU and Cebrian ME: Sodium arsenite 
alters cell cycle and MTHFR, MT1/2, and c‑Myc protein 
levels in MCF‑7 cells. Toxicol Appl Pharmacol 241: 269‑274, 
2009.


