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Abstract. The effectiveness of therapy combining dihydro-
artemisinin (DHA) and small interfering RNA targeting 
Notch1 (siNotch1) in T-cell lymphoma remains unknown. The 
present study explored the potential and possible mechanisms 
of combined dihydroarteminin, and siNotch1 therapy for 
T-cell lymphoma. It was demonstrated that the viability rates 
of siRNA-DHA-treated cells was significantly suppressed 
in comparison with those in control cells, control siRNA 
cells, siRNA-treated cells and DHA-treated cells (P<0.01). 
Additionally, there was a significant increase in cell apoptosis of 
siRNA-DHA-treated cells in comparison with those of control 
cells, control siRNA cells, siRNA-treated cells, DHA-treated 
cells (P<0.05). Furthermore, Notch1 and c-Myc mRNA and 
protein expression were decreased in siRNA-DHA-treated 
cells (P<0.05). The present study demonstrated that DHA 
combined with siNotch1 is able to suppress proliferation 
and promote apoptosis, and downregulate the expression of 
Notch1 and c-Myc mRNA and protein in T-cell lymphoma 
cells. Targeting Notch1/c-Myc signaling with siRNA and 

DHA may represent a novel strategy for treating human T-cell 
lymphoma.

Introduction

Lymphoma is a malignant tumor of the hematological system 
that has high histological and genetic heterogeneity. Lymphoma 
is classified into B‑cell or T‑cell lymphoma, depending on the 
pathological type. Several approaches including radiotherapy, 
chemotherapy, and hematopoietic stem cell transplantation have 
shown some efficacy in treating T‑cell lymphoma; however, the 
prognosis and survival of patients with T-cell lymphoma remain 
poor (1). RNA interference (RNAi) has recently emerged as 
a potential strategy for targeted therapy, and the antitumor 
effects of several RNAi strategies in tumor cells are currently 
under exploration. However, few studies have investigated the 
therapeutic effect of RNAi on T-cell lymphoma.

Notch1 signaling regulates self-renewal, prolif-
eration, differentiation, and apoptosis in T-cells (2,3). 
The c-Myc protein, which is encoded by a gene that is a 
downstream target of Notch1, regulates protein stabiliza-
tion, promotes cell division and accelerates cell entry to 
S phase from G0/G1 phase. Previous studies showed that muta-
tions in the Notch1 gene result in sustained activation of Notch1 
signaling, eventually leading to the occurrence of T cell tumors 
in mice (4). In addition, c-Myc promotes cell proliferation and 
inhibits apoptosis in many tumor cells (5-7). Mutation of 
the Notch1 gene may lead to T-cell lymphoblastic leukemia 
by directly increasing c-Myc expression. Furthermore, a 
previous study showed that Notch1 and c-Myc cooperate in 
the development of T-cell lymphoblastic leukemia in vivo, 
and Notch1 may promote the growth of leukemic cells by 
maintaining c-Myc mRNA levels (8). Other studies found 
that the inhibition of Notch1 signaling with small molecule 
inhibitors in mouse leukemic cells led to an increase apoptosis 
and decrease of c-Myc expression (4). Together these studies 
suggest that the Notch1/c-Myc signaling pathway contrib-
utes to T-cell lymphoma oncogenesis. Previous research has 
suggested that siRNA targeting Notch1 (siNotch1) could 
significantly suppress proliferation and promote apoptosis 
in lymphoma cells, and siNotch1 also exhibited anti-cancer 
activity in non-small cell lung cancer and malignant mela-
noma via its effects on the Notch1 signaling pathway (9-11). 

Effect of dihydroarteminin combined with siRNA targeting 
Notch1 on Notch1/c-Myc signaling in T-cell lymphoma cells

LANFEN HUO1*,  WENWEN WEI1*,  SHAOLING WU1,  XINDONG ZHAO2, 
CHUNTING ZHAO1,  HONGGUO ZHAO1  and  LINGJIE SUN1

1Department of Hematology, Affiliated Hospital, Qingdao University, Qingdao, Shandong 266003; 2Department of 
Hematology, School of Medicine, Qingdao University, Qingdao, Shandong 266021, P.R. China

Received September 12, 2017;  Accepted January 16, 2018

DOI: 10.3892/etm.2018.5784

Correspondence to: Professor Shaoling Wu, Department of Hema-
tology, Affiliated Hospital, Qingdao University, 16 Jiangsu Road, 
Qingdao, Shandong 266003, P.R. China
E-mail: qdwushaoling@163.com

Professor Xindong Zhao, Department of Hematology, School 
of Medicine, Qingdao University, 203B Room, Boya Building, 
308 Ningxia Road, Qingdao, Shandong 266021, P.R. China
E-mail: qdzhaoxindong@163.com

*Contributed equally

Abbreviations: DHA, dihydroartemisinin; siNotch1, siRNA 
targeting Notch1; CCK‑8, Cell Counting Kit‑8; RT‑PCR, reverse 
transcription PCR; RNAi, RNA interference; DMSO, dimethyl 
sulfoxide; PBS, phosphate‑buffered saline; MOI, multiplicity of 
infection

Key words: siRNA, Notch1 signaling, dihydroartemisinin, c-Myc, 
T-cell lymphoma



HUO et al:  DIHYDROARTEMININ WITH siRNA TARGETING NOTCH1 IN T-CELL LYMPHOMA3060

Together these data suggest that siNotch1 may be an effective 
anti-cancer agent in T-cell lymphoma.

Dihydroartemisinin (DHA), which is derived from the 
traditional Chinese medical herb Artemisia annua L., is 
widely used as an antimalarial drug (12) and has a cytotoxic 
effect on T-cell lymphoma cells (13). Pure DHA can block 
endothelial cell proliferation via effects on the ERK signaling 
pathway (14). Additionally, histone deacetylase inhibitors 
combined with DHA have been shown to activate caspase-3 
and enhance the anticancer effect of the ERK signaling 
pathway in liver tumors (15). Co-treatment of DHA with 
gemcitabine has been demonstrated to exhibit a therapeutic 
effect in a pancreatic cancer model, via a proposed mechanism 
involving NF-κB inactivation (16).

To improve treatment outcomes for T-cell lymphoma, here 
we carried out research to explore the possible mechanisms 
of combined DHA and siNotch1 therapy for T-cell lymphoma 
using Jurkat cells, and we also explored the involvement of 
the Notch1/c-Myc signaling pathway in mediating any anti-
neoplastic effect of this treatment. We hope that this study may 
provide the basis for a novel, efficient, and safe treatment for 
T-cell lymphoma.

Materials and methods

Cell culture. Jurkat cells (a T-cell lymphoma cell line) were 
purchased from the Chinese Academy of Sciences Cell Bank. 
Cells were grown in RPMI-1640 medium (HyClone, Logan, 
UT, USA) in 10% FBS (Gibco, Carlsbad, CA, USA), penicillin 
and streptomycin, and were cultured at 37˚C in 5% CO2 in a 
humidified incubator. Jurkat cells in the logarithmic growth 
phase were used for all experiments.

Detection of Notch1 DNA mutations. Jurkat cell DNA was 
isolated according to the manufacturer's instructions (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). Notch1 DNA 
sequence mutations in exons 27 and 34 (Fig. 1) were detected 
by MapBioo (Shanghai, China).

Notch siRNA. The siNotch1 sequences (siRNA I and II) were 
designed and synthesized by Genechem (Shanghai, China). 
Jurkat cells were seeded in 6-well plates (2x105 cells/well in 1 ml 
culture medium) and divided into three groups: Then control 
siRNA cells were transfected with control siRNA at multi-
plicity of infection (MOI) = 80 (lentiviral vector titer 1x109; 
sequence, TCT CCG AAC GTG TCA CGT), siRNA I-treated 
cells were transfected with siRNA I (MOI = 80, lentiviral 
vector titer 3x108; sequence, CTG CCT GGA CAA GAT CAA T), 
and siRNA II-treated cells were transfected with siRNA II 
(MOI = 80, lentiviral vector titer 3x108; sequence, TGC CAA 
ATG CCT GCC AGA A). Last Fluorescence in transfected cells 
was observed by laser scanning confocal microscope after 
72 h. Preliminary experiments indicated that siRNA I had a 
higher transfection rate than siRNA II, so siRNA I was used 
for the subsequent experiments. Since the lentiviral vector 
carries the anti-puromycin gene, stably transfected Jurkat cells 
were selected using puromycin (2 µg/ml).

Determination of optimal DHA concentration. DHA 
(Chunyou Biological Technology Co., Ltd., Shanghai, 

China) was dissolved in dimethyl sulfoxide (Sigma‑Aldrich;. 
Merck KGaA, Darmstadt, Germany) to form an 8 mM stock 
solution and stored at ‑20˚C.

Jurkat cells (8x103 cells/well in 100 µl medium) were 
seeded in 96-well plates, and various concentrations of DHA 
(0, 2.5, 5, 10, 20, or 40 µM) were added. After 24, 48, or 72 h, 
10 µl CCK‑8 reagent was added and the cells were incubated 
for 2 h. Cell viability was then assessed by CCK‑8 assay (10 µl 
reagent/well; Dojindo Molecular Technologies, Inc., Kyushu, 
Japan). The optimal DHA treatment was determined as 20 µM 
for 24 h.

Cell viability assay. Five groups were included in the experi-
ments: untreated control cells, control siRNA cells, siRNA 
I-treated cells, DHA-treated cells, and siRNA-DHA-treated 
cells. Jurkat cells (8x103 cells/well in 100 µl medium) were 
seeded in 96-well plates. DHA (20 µM) was added, and the 
cells were cultured for 24 h. Cell viability was subsequently 
assessed by CCK‑8 assay. A microplate absorbance reader 
(Tecan Group Ltd., Männedorf, Switzerland) was used to 
measure absorbance at 450 nm. Each experiment was repeated 
three times.

Cell apoptosis assay. Jurkat cells were seeded in 6-well plates 
(2x105 cells/well in 1 ml culture medium). After 24 h, cells were 
collected and washed once in phosphate‑buffered saline (PBS) 
and once in binding buffer, and then resuspended in binding 
buffer. Fluorochrome‑conjugated Annexin V (5 µl) was added, 
and the cells were incubated for 15 min at room temperature. 
Next, 5 µl of propidium iodide staining solution was added. 
Samples were analyzed by flow cytometry (BD FACSCalibur; 
BD Biosciences, Franklin Lakes, NJ, USA).

RT‑qPCR. Total RNA was extracted using TRIzol reagent 
(Takara, Tokyo, Japan) and reverse-transcribed using a 
Roche kit (Roche Diagnostics GmbH, Mannheim, Germany) 
according to the manufacturer's instructions. RNA quality 
and quantity were assessed by spectrophotometry (Dynamica 
Scientific Ltd., Milton Keynes, UK). Gene‑specific primers 
were synthesized by Sangon Biotech (Shanghai, China); 
sequences are provided in Table I. The RT-qPCR program used 
was as follows: Preincubation at 95˚C for 600 sec; 40 cycles of 
amplification, with initial denaturation at 95˚C for 10 sec, 60˚C 

Table I. Gene‑specific primer sequences for reverse transcrip-
tion quantitative-polymerase chain reaction.

Gene Sequence

GAPDH 5'-GATGACCTTGCCCACAGCCT-3'
 5'-ATCTCTGCCCCCTCTGCTGA-3'
Notch1 5'-CCAGTTTGAATGGTCAATGC-3'
 5'-AGAGGGTTGTATTGGTTCGG-3'
c-Myc 5'-CTACCCTCTCAACGACAGCA-3'
 5'-AGAGCAGAGAATCCGAGGAC-3'
Caspase-3 5'-TAAATGAATGGGCTGAGCTG-3'
 5'-ATGGAGAAATGGGCTGTAGG-3'
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for 20 sec, and then 72˚C for 20 sec; melting was performed 
at 95˚C for 10 sec, 65˚C for 60 sec and 97˚C for 1 sec. The 
2-ΔΔCq method (17) was used to calculate relative expression of 
Notch1, c-Myc, and caspase-3 mRNA.

Western blot analysis. Jurkat cells were collected and protein 
was extracted using Radio Immunoprecipitation Assay and 
phenylmethanesulfonyl fluoride (Beyotime, Shanghai, China). 
Protein were analyzed by spectrophotometry. Equivalent 
amounts of protein with adjusted concentration were sepa-
rated by SDS-PAGE (10%) and transferred to polyvinylidene 
difluoride membranes. Membranes were blocked with 5% 
fat-free milk and incubated with primary antibodies (1:1,000) 
for 2 h, followed by secondary antibody (1:2,000) (both from 
Abcam, Cambridge, UK) for 1 h at room temperature. β-actin 
was used as a loading control. An ECL chemiluminescence 
kit (Thermo Fisher Scientific, Inc.) was used to visualize the 
signals. Images were analyzed using imaging software (Vilber 
Lourmat, Marne‑la‑Vallée, France).

Statistical analysis. All data were analyzed by one-way 
ANOVA using Graphpad Prism 5.0. All results are expressed 

as mean ± standard deviation (mean ± SD). The differences 
between groups were analyzed using LSD-t. P<0.05 was 
considered to indicate a statistically significant difference.

Results

DHA combined with siNotch1 decreases Jurkat cell viability. 
We first evaluated the viability of Jurkat cells in response to 
Notch siRNA, DHA (20 µM) or the combined treatment for 
24 h using CCK‑8 assays (Fig. 2). Compared with the viability 
of control siRNA cells (95.90%), the cell viabilities for siRNA I-, 
DHA- and siRNA-DHA-treated cells were 57.25, 19.12, and 
5.66%, respectively. These results demonstrate that DHA 
combined with siNotch1 showed enhanced reduction of cell 
viability compared with compared with either treatment alone.

DHA combined with siNotch1 promotes Jurkat cell apoptosis. 
DHA combined with siRNA treatment significantly enhanced 
Jurkat cell apoptosis (Fig. 3). The Jurkat cell apoptosis rates 
for cell control, and control siRNA cells, siRNA I-, DHA-, 

Figure 2. DHA combined with siNotch1 decreased Jurkat cell viability. 
Jurkat cells were treated with DHA alone or siNotch1 alone, or combined 
therapy. ##P<0.01, compared with cell control; **P<0.01, compared with 
control siRNA cells; and #P<0.01, compared with siRNA-DHA-treated cells.

Figure 1. DNA mutations of Notch1 in exon 27, 34 by DNA sequencing. DNA 
mutations of Notch1 in exon 27, 34 as follows: There is a point mutation of 
156th in exon 27 (T instead of C) and a point mutation of 433rd in exon 34 
(C mutation to T).

Figure 3. DHA combined with siNotch1 facilitated Jurkat cells apoptosis. 
(A) DHA combined with siNotch1 further induced Jurkat cells apoptosis. 
##P<0.01, compared with cell control; **P<0.01, compared with control 
siRNA cells; #P<0.01, compared with siRNA‑DHA‑treated cells. (B) Jurkat 
cells apoptosis was measured by Annexin V and propidium iodide staining 
solution using flow cytometry.
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and siRNA-DHA-treated cells were: 2.83, 3.00, 25.17, 27.17, 
and 42.47%, respectively. DHA combined with siNotch1 
promoted higher Jurkat cell apoptosis (42.47%) compared with 
siNotch- or DHA-treated cells (P<0.01, P<0.01). These results 
demonstrate that DHA combined with siNotch1 promoted 
Jurkat cell apoptosis.

DHA combined with siNotch1 inhibits Notch1 mRNA and 
protein expression in Jurkat cells. We evaluated Notch1 
mRNA and protein levels in the control siRNA cells, siRNA I-, 
DHA-, and siRNA-DHA-treated cells groups (Figs. 4 and 5). 
Notch1 mRNA expression in cell control, and in control 
siRNA cells, siRNA I-, DHA-, and siRNA-DHA-treated 
cells were 1.00±0.04, 0.99±0.13, 0.58±0.09, 0.36±0.05, and 
0.16±0.05, respectively (Fig. 5A). Compared with cell control, 
control siRNA, siRNA I-, DHA-, and siRNA-DHA treat-
ment decreased expression of Notch1 mRNA by 1.12, 41.97, 
63.86, and 84.23%, respectively. Significant differences were 
found between the siRNA-DHA- and siRNA I-treated cells 
(P<0.01), and between the siRNA-DHA- and DHA-treated 
cells (P<0.05).

Fig. 5B shows the relative expression of Notch1 protein. 
Notch1 protein expression in cell control, and in control siRNA 
cells, siRNA I-, DHA-, and siRNA-DHA-treated cells were 
1.09±0.03, 1.04±0.01, 0.76±0.01, 0.67±0.02, and 0.47±0.07, 
respectively. Of all the treatment conditions tested, the Notch1 
protein level was reduced the most by treatment with DHA 
combined with siNotch1.

DHA combined with siNotch1 inhibits c‑Myc mRNA and 
protein expression in Jurkat cells. Expression of c-Myc mRNA 
and protein in Jurkat cells treated with DHA combined with 
siNotch1 (Figs. 4 and 6). Treatment with siRNA-DHA, DHA 
and siRNA I decreased expression of c-Myc mRNA by 96.86, 
92.33, and 72.91%, respectively, compared with expression in 
cell control (Fig. 6A).

c-Myc protein expression levels followed a similar pattern to 
c-Myc mRNA expression levels. Treatment with siRNA-DHA, 
siRNA I, and DHA decreased expression of c-Myc protein by 
85.19, 34.81, and 60.12%, respectively, compared with expres-
sion in cell control (P<0.01, P<0.05, P<0.05; Fig. 6B). Of all 
the treatment conditions tested, c-Myc mRNA and protein 

expression were reduced the most by treatment with DHA 
combined with siNotch1.

DHA combined with siNotch1 promotes caspase‑3 mRNA 
and protein expression in Jurkat cells. caspase-3 mRNA and 
protein expression were promoted in Jurkat cells treated with 
DHA combined with siNotch1 (Figs. 4 and 7). Treatment with 
siRNA-DHA, DHA, and siRNA I increased the expression 
of caspase3 mRNA by 99.36, 98.21, and 96.66%, respec-
tively, compared with expression in cell control (Fig. 7A). 
siRNA-DHA treatment promoted caspase-3 mRNA expres-
sion more strongly than siRNA I or DHA treatment alone 
(P<0.01, P<0.01).

siRNA-DHA, DHA, and siRNA I treatment increased 
caspase-3 protein levels by 46.79, 38.52, and 33.60%, respec-
tively, compared with levels in cell control (Fig. 7B). There 
were significant differences in caspase-3 protein levels 
between siRNA-DHA-treated cells and DHA-treated or 
siRNA I-treated cells (P<0.01, P<0.01). Treatment of Jurkat 
cells with combined DHA and siNotch1 promoted caspase-3 
protein expression to a greater extent than treatment with 
either alone.

Figure 5. DHA combined with siNotch1 inhibited the expression of Notch1 
mRNA and protein in Jurkat cells. (A) DHA combined with siNotch1 
downregulated the expression of Notch1 mRNA in Jurkat cells. ###P<0.01, 
compared with cell control; **P<0.01, compared with control siRNA cells; 
#P<0.05, compared with siRNA‑DHA‑treated cells. (B) The expression of 
Notch1 protein in Jurkat cells was also decreased. ###P<0.01, compared with 
cell control; **P<0.01, compared with control siRNA cells; and #P<0.01, 
compared with siRNA-DHA-treated cells.

Figure 4. The results of western blot analysis for Notch1, c-Myc and 
caspase-3. DHA combined with siRNA further downregulated Notch1 and 
c-Myc protein and upregulated caspase-3 protein.
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Discussion

Notch1 signaling is closely related to T-cell lymphoma onco-
genesis (18,19). Therefore, therapy targeting Notch1 signaling 
may be an effective approach for treating T-cell lymphoma and 
we hypothesized that silencing Notch1 gene by RNAi tech-
nology in T-cell lymphoma cells may be a useful therapeutic 
strategy. DHA is an anti-tumor drug from traditional Chinese 
herbal medicine, and thus DHA combined with siNotch1 
may be more effective for lymphoma therapy. The aim of the 
study was to determine whether the novel combination treat-
ment of DHA with siNotch1 was effective against for T-cell 
lymphoma, and thus we explored the cytotoxic effects of DHA 
and siNotch1 alone and combined in T-cell lymphoma cells.

Jurkat cells (a T-cell lymphoma cell line) were sensitive 
to DHA alone in vitro (Fig. 2). Consistent with our results, 
previous studies showed that DHA alone exhibits antitumor 
activity in lung, breast, colon, and pancreatic cancer by 
suppressing proliferation (20). We also observed that Jurkat 
cells were sensitive to siNotch1 alone in vitro (Fig. 2). Previous 

studies also showed that targeted RNAi therapy can inhibit 
proliferation and invasion of human gastric carcinoma cells 
and human prostate cancer cells in vitro (21,22). Our findings 
showed that DHA combined with siNotch1 reduced cell prolif-
eration (Fig. 2) and induced cell apoptosis (Fig. 3) in Jurkat 
cells. Together, the results of our study indicated that DHA 
combined with siNotch1 was highly effective for Jurkat cells 
compared with DHA or siNotch1 alone. We will further study 
the underlying mechanisms of how DHA promote the function 
of siNotch and inhibit proliferation in T-cell lymphoma cells.

The cytotoxic mechanisms of DHA have been investigated 
in several studies, showing that dihydroarteminin enhances 
cell apoptosis via its effects on the ERK signaling pathway 
in endothelial cells (14), inactivating NF-κB in pancreatic 
cancer (16) and by upregulation of Noxa by promotion of 
FOXO3a expression in acute myeloid leukemia cells (23). 
Additionally, DHA exerts an antineoplastic effect in prostate 
cancer cells by increasing death receptor 5 expression (24) 
and induces NOXA-dependent mitochondrial cell apoptosis 
in melanoma cells with upregulation of cellular oxidative 

Figure 7. DHA combined with siNotch1 fortified caspase‑3 mRNA and protein expression in Jurkat cells. (A) DHA combined with siNotch1 enhanced the 
expression of caspase-3 mRNA in Jurkat cells. ##P<0.05, compared with cell control; **P<0.05, compared with siRNA control cells; #P<0.01, compared with 
siRNA‑DHA‑treated cells. (B) Treatment of Jurkat cells with DHA and siNotch1 fortified caspase‑3 protein expression. ##P<0.01, compared with cell control; 
**P<0.01, compared with control siRNA cells; #P<0.05, compared with siRNA‑DHA‑treated cells, the results presented significant difference.

Figure 6. DHA combined with siNotch1 inhibited c-Myc mRNA and protein expression in Jurkat cells. (A) Treatment of Jurkat cells with dihydroarteminin 
and siNotch1 inhibited c-Myc mRNA expression. ###P<0.01, compared with cell control; **P<0.01, compared with siRNA‑treated cells; and #P<0.05, compared 
with siRNA‑DHA‑treated cells. (B) c‑Myc protein expression in Jurkat cells was decreased. ###P<0.01, compared with cell control; **P<0.05, compared with 
control siRNA cells; and #P<0.05, compared with siRNA-DHA-treated cells.
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stress (25), furthermore, DHA triggers cell cycle arrest via 
effects on the AKT/GSK3β/cyclin D1 pathway in A549 lung 
cancer cells (26). DHA could also inhibit the Wnt/β-catenin 
signaling pathway in lung cancer, and the expressions 
of key proteins including Wnt5-a/b, LRP6 and Dvl2 in 
the Wnt/β-catenin signaling pathway were significantly 
decreased (27). More importantly, DHA has been shown to 
increase reactive oxygen species generation, downregulate 
transferrin receptor mRNA expression and telomerase activity, 
upregulate NOXA protein in T-cell lymphoma cells (13,28). 
We intend to study the mechanisms underlying the effects of 
DHA on NOXA signaling in T cell lymphoma cells in future. 
Together these results showed that DHA is a regulator of 
signaling pathways and gene expressions in cancer cells. Taken 
together, these studies, including our study, showed that DHA 
exhibits a therapeutic effect in cancer cells, including T-cell 
lymphoma cells, through regulation of signaling pathways and 
gene expressions.

We propose that inhibition of Notch1/c-Myc signaling 
is one of the mechanisms by which DHA combined with 
siNotch1 exert a marked antineoplastic effect on T-cell 
lymphoma cells: Τhe relative expression of c‑Myc mRNA and 
protein were markedly decreased, and as a direct downstream 
target gene of Notch1, c-Myc can be inhibited via the Notch1/
c‑Myc signaling pathway. Our findings showed the silencing 
of Notch1 gene and/or DHA may downregulate the expression 
level of c-Myc mRNA and protein in T-cell lymphoma cells 
(Figs. 4 and 6). Sharma et al (8) also found that c-Myc levels 
clearly correlate with Notch1 activity in acute T-cell leukemia, 
and c-Myc could be induced in the presence of active Notch1 
signaling. Active Notch1 signaling induces the overexpression 
of c-Myc, and c-Myc may activate many genes in cellular 
processes, including those involved in promoting growth and 
proliferation. These data indicate that Notch1 is necessary for 
T-cell lymphoma cell proliferation, so silencing the Notch1 
gene may exhibit a therapeutic effect in T-cell lymphoma cell 
growth control via reducing the overexpression of c-Myc.

Our results showed that DHA combined with siNotch1 
could inhibit the Notch1/c-Myc pathway in T-cell lymphoma 
cells in vitro. Some studies also showed that RNAi technology 
exerts an antineoplastic effect on cancer cells (9,21,29-31). 
Activation of Notch signaling promotes tumor progression by 
regulation of downstream target genes such as c-Myc. DHA 
combined with siRNA targeting Rac1 also induces apoptosis 
by inhibiting NF-κB activity in colon tumor cells (28). These 
observations may partly explain our results, showing that 
DHA combined with siNotch1 could inhibit the Notch1/c-Myc 
pathway in T-cell lymphoma cells.

In this study, T-cell lymphoma cell proliferation was 
suppressed and apoptosis was promoted following DHA 
combined with siNotch1. Furthermore, expression levels of 
Notch1 and c-Myc mRNA and protein were reduced in T-cell 
lymphoma cells by treatment with DHA or siNotch1 alone or 
in combination, and caspase-3 mRNA and protein expression 
levels were increased. We also intend to study the impact of 
DHA on cleavaged caspase 3 in future. These effects were 
greatly enhanced by combining the two treatments, which 
suggested that the antitumor effect of DHA combined with 
siNotch1 was superior to that of each agent alone. Our find-
ings suggest that the cytotoxic effect of the combined therapy 

was achieved by inhibition of Notch1 and c-Myc mRNA 
and protein expression, which suppressed the Notch1/c-Myc 
signaling pathway.

Together these results suggest that the combined use of 
DHA and siNotch1 therapy for T-cell lymphoma is useful. 
The underlying mechanism of combined therapy is the 
effect on the expression of Notch1/c-Myc signaling pathway 
components. Thus, combining traditional Chinese medicine 
containing DHA with siRNA targeting the Notch1/c-Myc 
signaling pathway may represent a novel strategy for treating 
human T-cell lymphoma.
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