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Abstract: Background: Dihydroartemisinin (DHA) is reported to be a potential anticancer agent, and the mechanisms

underlying the effects of DHA on diffuse large B cell lymphoma however are still obscure. This study aimed to assess the

antitumor effect of DHA on diffuse large B cell lymphoma cells and to determine the potential underlying mechanisms of

DHA-induced cell apoptosis.Methods:Here, the Cell Counting Kit 8 assay was conducted to study cell proliferation. We

performed Annexin V-FITC/propidium iodide staining, real-time polymerase chain reaction, and western blot analysis to

analyze cell apoptosis and potential molecular mechanisms. Results: The results showed that DHA substantially

suppressed cell proliferation and induced cell apoptosis in vitro in a time- and concentration-dependent fashion.

Moreover, STAT3 activity could be inhibited after stimulation with DHA. Conclusion: These results imply that the

underlying anti-tumoral effect of DHA may increase apoptosis in diffuse large B cell lymphoma cells via the STAT3

signaling pathway. In addition, DHA might be an effective drug for diffuse large B cell lymphoma therapy.

Introduction

Diffuse large B cell lymphoma (DLBCL) is the most common
form of non-Hodgkin lymphoma, with an extensive global
influence. Progression-free survival (PFS) at 10 years was
36.5% when patients were treated with the conventional
regimen of rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP). Unfortunately, after
an initial response to first-line treatment, one-third of
patients relapse or experience refractory disease and require
subsequent treatments, which remains a leading cause of
morbidity and mortality (Coiffier et al., 2010). Hence, it is
urgent to find new effective antitumor drugs. Herbs known
and used today in traditional Chinese medicine present a
large source of active substances for developing new
chemotherapeutics against cancer. Therefore, it is
particularly important to find effective traditional Chinese
medicine monomers for the treatment of DLBCL.

Signal transducers and activators of transcription 3
(STAT3), as a transcription factor, can enter the nucleus
and bind to DNA fragments of the target gene promoter
following activation, to regulate the expression of associated
genes, resulting in biological effects (Sanchez-Lopez et al.,
2016). STAT3 is known to be activated in numerous
primary tumors, including lymphoma, and abnormally
activated STAT3 is considered to be an indicator of poor
prognosis in DLBCL (Gu et al., 2016; Huang et al., 2013; Xu
et al., 2018). STAT3 with ectopic activation can prevent
apoptosis and promote proliferation by controlling B-cell
lymphoma (Bcl)-2, Bcl-xL, myeloid cell leukemia-1 (Mcl-1),
and cellular-myelocytomatosis viral oncogene (c-Myc)
expression associated with survival and proliferation to
promote tumorigenesis (Li et al., 2015). Previous studies
have shown that dihydroartemisinin (DHA), as a putative
STAT3 inhibitor, could inhibit head and neck squamous cell
carcinoma by blocking STAT3 activation, and thus
downregulates a series of its downstream genes including
cyclin D1, Bcl-xL, Bcl-1, E-cadherin, matrix
metalloproteinase-2 (MMP2), MMP9, etc., of which proteins
are associated with regulation of cell cycle, apoptosis, and
epithelial-mesenchymal transition (Yang et al., 2015). In
DLBCL, MYC is the third most frequently translocated
oncogene (in 5%–17% of cases (Aukema et al., 2014)).
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Typically, c-Myc is associated with other gene abnormalities,
including Bcl-2 translocations or overexpression, leading to
extremely poor prognosis after standard treatment (Green et
al., 2012; Horn et al., 2013; Johnson et al., 2012; Valera et
al., 2013).

Traditional Chinese monomer compounds for the
treatment of malignant tumors have become a research hot
point because of their multiple targets and low toxicity.
DHA, one of the most effective artemisinin derivatives,
plays a crucial role in antiviral and antibacterial activities in
addition to its antimalarial activity (Cheong et al., 2020),
without manifesting any toxicity in normal cells (Liu et al.,
2018). Recently, the antitumor effect of DHA has been a
research focus. At present, a large number of studies have
shown that DHA has inhibitory effects on lung cancer,
prostate cancer, and epithelial ovarian cancer (Paccez et al.,
2019; Yuan et al., 2020). Our previous research also
supports this view (Wei et al., 2018). The research on the
mechanism is mainly concentrated on DHA-induced
autophagy, cell cycle blocking, and apoptosis, which in turn
leads to restricted tumor cell proliferation. Apoptosis is a
physiological cell suicide process to maintain homeostasis in
the tissue and eliminate gene changes and unstable cells; the
process is greatly weakened in cancer. There are mainly
endogenous and exogenous apoptotic pathways in various
cells. The endogenous apoptotic pathway, also known as the
mitochondrial pathway, is an important way for
chemotherapeutic drugs to induce apoptosis. Beyond its
prominent pro-apoptotic role, DHA affects cancer cell
functions, including angiogenesis (Wang et al., 2011), and
immune regulation (Zhao et al., 2012). However, only
limited research has examined the potentiality of DHA for
the treatment of DLBCL. This study focuses on the effect of
DHA on the proliferation of diffuse large B-cell lymphoma
and the potential molecular mechanism, hoping to provide
reference and inspiration to DLBCL patients with poor
response to traditional treatment.

Materials and Methods

Antibodies and reagents
Antibodies against STAT3, phospho-STAT3 (Tyr705), and c-
Myc were purchased from Cell Signaling Technology (CST,
Danvers, MA, USA), and Bcl-2, Bax, caspase 9, caspase 3,
and cleaved-poly(ADP-ribose) polymerase (PARP) were
from Abcam (Cambridge, MA, USA). Anti-β-actin antibody
was purchased from Elabscience (Wuhan, China). DHA was
obtained from MedChemExpress (Monmouth Junction, NJ,
USA) and dissolved in dimethyl sulfoxide (Sigma Aldrich,
St.Louis, USA) as a stock solution of 8,000 µM at −20°C.
Roswell Park Memorial Institute (RPMI)-1640 medium and
fetal bovine serum were bought from Biological Industries
(Kibbutz Beit Haemek, Israel).

Cell culture
Human DLBCL cell line SU-DHL-4 was obtained from
Deutsche Sammlung von Mikroorganismen und
Zellkulturen. SU-DHL-4 cells were cultured in RPMI 1640
medium supplemented with 10% fetal bovine serum and 1%

antibiotics. Cells were incubated at 37°C in a humidified 5%
CO2 atmosphere.

Cell viability assay
Cell viability was determined by Cell Counting Kit-8 (CCK8,
MedChemExpress, Monmouth Junction, NJ, USA) according
to the manufacturer’s instructions. SU-DHL-4 cells were
seeded at a density of 5 × 104 cells/well in a 96-well plate
(BIOFIL, JET, Guangzhou, China). Cells were incubated for
24, 48, and 72 h with DHA (0, 2.5, 5, 10, 20, 40, or 80 µM)
added to the culture medium. At each time point, 10 µL
CCK-8 was added to each well and the cells were
subsequently incubated at 37°C for 2 h. The absorbance
value of each well was measured at 450 nm on a microplate
absorbance reader in triplicate (Sunrise; Tecan Group, Ltd.,
Männedorf, Switzerland). The percent inhibition was
calculated utilizing the equation:

Percent inhibition ¼½ðmean absorbance of the control well

−mean absorbance of the test wellÞ=
ðmean absorbance of the control well

–mean absorbance of the blank wellÞ�
�100%:

Cell apoptosis assay
Apoptosis induction in SU-DHL-4 cells by DHA treatment
was measured by the Annexin V-FITC Apoptosis Detection
kit (BD Bioscience, San Jose, CA, USA). The cells after
incubation for 24 h in 6-well plates at a density of 1 × 106

cells per well were treated with various concentrations (0,
10, 20, and 40 μM) of DHA for 24 h at 37°C. Following
incubation, the cells were washed two times with ice-cold
phosphate-buffered saline (PBS) and subsequently re-
suspended in 200 µL binding buffer. The cells were treated
with 5 µL Annexin V-fluorescein isothiocyanate (BD
Biosciences) for 15 min in the dark at room temperature,
and then 5 of µL od propidium iodide (PI; BD Biosciences)
was added and incubated for another 5 min in the same
environment, and another 200 µL binding buffer was added.
A flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA)
was used to determine fluorescent intensity three times. All
data were collected and analyzed by the FlowJo software
(FlowJo LLC, Ashland, Oregon, USA).

Quantitative fluorescence real-time polymerase chain reaction
(RT-qPCR)
Total RNA was extracted from the cultured cells using
TRIzolTM Reagent (Takara, Otsu, Shiga, Japan). Cells were
harvested and washed twice with ice-cold PBS. Ultramicro
spectrophotometer (Molecular Devices, Shanghai, China)
was used to determine the concentration and purity of total
RNA and was reversely transcribed into single-stranded
cDNA using a Prime ScriptTM RT reagent kit (Vazyme,
China), according to the manufacturer’s protocols. Next, the
reverse transcribed single-stranded cDNA was amplified by
SYBR1 Premix Ex Taq II (Vazyme, China) on a Roche
LightCycler 480II System (Roche, Basel, Switzerland). The
primers were synthesized by Sangon Biotech Co., Ltd.
(Shanghai, Beijing, China; Table 1). Thermocycling
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conditions included a pre-incubation stage at 95°C for 30 s, 40
cycles of amplification stage at 95°C for 5 s and 60°C for 30 s,
and a melt curve stage at 95°C for 15 s, 65°C for 60 s, and 95°C
for 15 s. Relative expression of GAPDHmRNA was used as an
endogenous internal control. Gene expression changes were
assessed with the 2−ΔΔCq method. The primer sequences
used are listed in Table 1.

Western blot analysis
RIPA lysis buffer (Elabscience, Wuhan, China) containing
protease inhibitors (1%) and phosphatase inhibitors (1%)
was utilized to lyse the cells for 30 min, and then total
protein was harvested by centrifugation (12,000 rpm) at 4°C
for 10 min. The extracted protein concentration of each
lysate was determined and quantified with a BCA Protein
Assay Kit (Elabscience, Wuhan, China), prior to being
boiled at 100°C for 8 min. Equal quantities (40 µg) of
proteins were separated by 10% or 12% sodium dodecyl
sulfate-polyacrylamide gels and electrotransferred onto
polyvinylidene difluoride membranes (Solarbio, Beijing,
China), and blocked in 5% skimmed milk (for
nonphosphorylated proteins) or 5% bovine serum albumin
(for phosphorylated proteins) for 2 h at room temperature.
Each membrane was incubated with primary antibodies
overnight at 4°C, washed three times with tris-buffered
saline with Tween 20 (TBST) for 15 min each time, and
incubated with goat anti-rabbit secondary antibody for 1 h

at room temperature. Subsequently, the membranes were
washed three times with TBST for 15 min each time, and
the immunoblots were measured with a Fusion FX7 system
(Vilber Lourmat, Marne-la-Vallée, France) using Immobilon
Western Chemilum HRP Substrate (EMD Millipore,
Billerica, MA, USA). Relative expression of β-actin served as
an endogenous internal control for protein loading.

Statistical analysis
Data from at least triplicate experiments were expressed by
mean ± SEM. All statistical analyses between groups were
performed by GraphPad Prism 8.0 (San Diego, CA, USA).
One-way ANOVA was used to compare the statistical
significance of between-group differences. Data significance
is expressed as significant (*p < 0.05), very significant (**p <
0.01), and highly significant (****p < 0.0001).

Results

Dihydroartemisinin inhibits the proliferation of SU-DHL-4
To detect the anti-proliferative effects of DHA in vitro, SU-
DHL-4 cells were intervened with DHA of 0, 2.5, 5, 10, 20,
40, and 80 µM for 24, 48, and 72 h, and then, cell
proliferation and cytotoxicity assay were evaluated by CCK-
8 assay kit assessing cell viability. We found that a higher
concentration of DHA had a more obvious inhibitory effect
on SU-DHL-4, and the rate of inhibition increased over
time. The concentration that inhibits 50% (IC50) of DHA
after 24 h of treatment was 33.14 μM. As shown in Fig. 1A,
the proliferation rate reached 70.87% ± 5.18% after cells
were treated with DHA for 24 h, while it was 44.25% ±
8.58% after 48 h of treatment. Thus, DHA significantly
reduced the viability of SU-DHL-4 cells in a dose- and time-
dependent manner compared with the control group
(Fig. 1B). Cell viability had statistical significance in
different time points/concentrations (all p < 0.0001).

Dihydroartemisinin induces apoptosis in SU-DHL-4 cells
To further investigate the mechanism of DHA-mediated
antitumor activity, SU-DHL-4 cells were treated with 10, 20,
and 40 µM DHA for 24 h, and then apoptosis was
examined by Annexin V/PI double-staining assay. Flow

TABLE 1

Reverse transcription-quantitative polymerase chain reaction
primer sequences

Gene Sequence (5′-3′) Size,
bp

c-Myc Forward
GTCAAGAGGCGAACACACAAC

21

Reverse
TTGGACGGACAGGATGTATGC

21

GAPDH Forward ACGGATTTGGTCGTATTGG 19

Reverse TCCCGTTCTCAGCCTTG 17

FIGURE 1. Dihydroartemisinin (DHA) inhibits the proliferation of SU-DHL-4 cells in vitro. (A) Cells were treated with different
concentrations of DHA for 24, 48, and 72 h. Cell viability was assessed using CCK8 assay. (B) Cell viability of SU-DHL-4 cells treated
with 0, 2.5, 5, 10, 20, 40, or 80 µM DHA after 24, 48, and 72 h. Data are expressed as the mean ± SEM of three independent experiments.
****p < 0.0001, compared with the control group.
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cytometric analyses demonstrated that, compared with the
control group, which exhibited an apoptosis rate of 23.01%
± 2.98%, the apoptosis rate of the DHA treatment groups
with 10, 20, and 40 µM DHA respectively, reached 52.36%
± 4.54%, 60.03% ± 0.67%, and 74.3% ± 2.6% (Figs. 2A and
2B). The differences were statistically significant. The above
data suggest that DHA has the effect of inducing apoptosis
in SU-DHL-4 cells in a concentration-dependent manner.

Dihydroartemisinin inhibits signal transducers and activators
of transcription 3 activity
Next, we sought to explore the mechanisms of DHA-induced
apoptosis in DLBCL cells. Studies have shown that STAT3, as
a transcription factor, regulates genes concerning cell
proliferation and apoptosis. SU-DHL-4 cells were treated
with 10, 20, and 40 µM DHA for 6 h, and the protein
expression level changes of STAT3 and p-STAT3 (Try705)
were detected by western blot. SU-DHL-4 cells were treated
with these concentrations of DHA for 24 h, and the relative
expression levels of c-Myc mRNA and protein, and Bcl-2,
Bax protein were detected by RT-qPCR and western blot. It
was revealed that p-STAT3 (Tyr505) protein was expressed
optimally in SU-DHL-4 cells in the absence of DHA
treatment. P-STAT3 (Try705) protein expression was
downregulated in SU-DHL-4 cells treated with 20 and
40 µM DHA in comparison with mock-treated cells and the
differences were statistically significant (Figs. 3A and 3B).
While all concentrations of DHA had no significant effect
on the total relative expression of STAT3 protein. The above

findings illustrate that STAT3 is constitutively activated in
DLBCL cells, and STAT3 activation can be suppressed in
SU-DHL-4 cells by higher concentrations of DHA, which
may block the STAT3 signaling pathway. Interestingly, c-
Myc mRNA and protein in treatment groups were both
downregulated, compared with controls, and the differences
were statistically significant (Figs. 3C–3E). However, we
were pleasantly surprised to observe that DHA did not
change Bcl-2 and Bax expression at the protein level
(Fig. 4), indicating that these molecules may not be the key
to combination-induced apoptosis. The data presented
above indicate that the inhibition of STAT3 activity may be
the main mechanism by which DHA exerts anti-tumor
activity. DHA may block the STAT3 phosphorylation,
which plays an antitumor activity mainly by down-
regulating c-Myc expression but not Bcl-2 or Bax, as well as
c-Myc-dependent apoptosis, which indicates that the mode
of antitumor action of DHA may vary in different types of
cancers.

The intrinsic apoptosis pathway is involved in the
dihydroartemisinin-induced apoptosis of SU-DHL-4 cell.

As shown in Fig. 4, SU-DHL-4 cells in experimental
groups were treated with 10, 20, and 40 µM DHA for 24 h,
and the expression of caspase 9, the essential initiator
caspase via the mitochondrial pathway, was significantly
decreased in DHA-treated groups compared with controls.
In addition, DHA could downregulate the expression of
caspase 3 and upregulate the expression of cleaved-caspase 3
and cleaved-PARP, which was statistically significant. Of

FIGURE 2. Dihydroartemisinin induces apoptosis in SU-DHL-4 cells. (A) Measurement of apoptosis in SU-DHL-4 cells by Annexin V-FITC
Apoptosis Detection Kit I and flow cytometry following treatment with different doses of DHA for 24 h. Q3 represents early apoptosis. (B)
Data from A are presented as the mean ± SD. ****p < 0.0001, compared to controls.
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interest, caspase 9 and caspase 3 proteins demonstrated greater
suppression, while cleaved-caspase 3 and cleaved-PARP were
gradually increased in response to increasing drug
concentrations. These results indicated that the endogenous
apoptosis pathway was involved in the DHA-induced
apoptosis of SU-DHL-4 in a dose-dependent manner.

Discussion

Diffuse large B cell lymphoma is the most common non-
Hodgkin lymphoma, and its occurrence is associated with
alterations in critical genes and activation of pivotal
signaling pathways. About 40% of patients with diffuse large

FIGURE 3. Dihydroartemisinin (DHA) inhibits STAT3 activity. (A) Protein expression of STAT3, p-STAT3 in SU-DHL-4 cells following
treatment with DHA for 6 h measured by western blot; β-actin served as an internal control. (B) Bar graphs representing protein expression of
p-STAT3. (C) Protein expression of c-Myc, Bcl-2, and Bax in SU-DHL-4 cells following treatment with DHA for 24 h measured by western
blot; β-actin served as an internal control. (D) Bar graphs representing protein expression of c-Myc, Bcl-2, and Bax. (E) Quantitative real-time
polymerase chain reaction analysis of c-Myc mRNA expression in SU-DHL-4 cells following treatment with DHA (0–40 µM) for 24 h and
results were normalized to GAPDH to correct for loading. **p < 0.01 and ****p < 0.0001, vs. the control group. p‑, phosphorylated; STAT3,
signal transducer and activator of transcription 3; c-Myc, cellular-myelocytomatosis viral oncogene; Bcl-2, B-cell lymphoma 2; Bax,
Bcl‑2‑associated X protein.
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B-cell lymphoma do not respond well to conventional
chemotherapy, including the majority of patients with
double-expressed lymphoma. Therefore, additional effective
and well-tolerated drugs are needed. DHA is known to be
an effective drug in treating patients with malaria
(Mohamed et al., 2017). Recent studies have revealed that
DHA has antitumor activity with few side effects in various
types of tumors in vivo and in vitro (Du et al., 2015;
Greenshields et al., 2017; Wang et al., 2015; Zhang et al.,
2012). In this work, we confirmed the effect of DHA
inhibition on DLBCL development in vitro. Furthermore, all
our data indicate that DHA can significantly induce
apoptosis of DLBCL at 20 μM and higher concentrations.
Therefore, we used 10, 20, and 40 μM DHA for follow-up
studies.

It has been established that DHA is involved in the
treatment of breast cancer, liver cancer, lung cancer, and
hematologic neoplasms, by regulating cancer cell apoptosis
and inhibiting invasion (Bai et al., 2019; Du et al., 2019;
Gao et al., 2020). Also, DHA can induce inhibition of tumor
cell proliferation, through the induction of cell ferroptosis
(Du et al., 2015; Greenshields et al., 2017; Wang et al., 2015;
Zhang et al., 2012) and autophagy (Tao et al., 2021). Chen
et al. (2021) found that artesunate (ART) inhibits the
proliferation of DLBCL cells by inhibiting the STAT3
signaling pathway to induce apoptosis and cell cycle arrest.
STAT3 pathway plays a significant role in regulating the
proliferation and apoptosis of cancer cells. Recent studies
have revealed that STAT3 is constitutionally activated in
hematological tumors and can promote tumor progression
by regulating a variety of genes. Moreover, clinical data
indicated that aberrant STAT3 activation is closely
associated with poor prognosis, recurrence, and drug
resistance in patients with hematologic tumors (Brachet-
Botineau et al., 2020). The STAT3 signaling pathway is
activated upon phosphorylation, which in turn regulates
downstream genes linked to cell proliferation and apoptosis.
Much attention has been paid to c-Myc among many
downstream target genes regulated by STAT3.

The c-Myc protein, a short-lived nuclear
phosphoprotein, is a multifunctional transcription factor

that serves a vital role in regulating cell growth,
differentiation, and apoptosis, as well as a major oncogene
when expressed inappropriately (Jia et al., 2016). Notably,
overexpression of c-Myc has been associated with the
occurrence of hematopoietic malignancies (Zhou et al.,
2014). Evidently, c-Myc has a complicated story in
aggressive B-cell lymphomas and other hematologic tumors
as well as many solid tumors (Dang, 2012; Ott et al., 2013).
Therefore, we suggest that c-Myc is a molecular hallmark of
cancer. Indeed, c-Myc activation alone is generally not
sufficient to exert this oncogenic effect. MYC is limited by
several physiological mechanisms that lead to cell cycle
arrest and apoptosis. For instance, uncontrolled MYC
activation induces the expression of tumor protein 53
(TP53) (Fang et al., 2019), Bcl-2 (Teitz et al., 2000), and
cyclin-dependent kinase inhibitor 2A (CDKN2A) (Vaux et
al., 1988). Accordingly, activation of Bcl-2, and inactivation
of TP53 or CDKN2A work in coordination with MYC
signaling to block cell cycle arrest and apoptosis, which
drive cancer. Additionally, c-Myc, as the downstream target
gene of STAT3, also has multiple functions in hematological
tumors. DHA has previously been shown to inhibit STAT3
signal transduction and McL-1 and survivin expression to
enhance apoptosis in NSCLC (Yan et al., 2018). In another
study, the anti-tumor activity of diosmetin on human
osteosarcoma cells was illustrated by inhibiting the activity
of STAT3/c-MYC signaling (Ning et al., 2021).

Apoptosis, the programmed death of cells is of great
importance for the removal of unwanted cells from the
body. Our previous study found that DHA induced
apoptosis in Jurkat T lymphoma cells through a Bak-
dependent intrinsic pathway (Handrick et al., 2010).
Findings from another study also indicated that DHA
induced apoptosis of colorectal cancer cells through a
mitochondrial-dependent pathway (Lu et al., 2014). In the
present investigation, we provided more profound insights
into the regulation of DHA on apoptosis. Consistent with
previous studies, here, we reported that the proapoptotic
effect of DHA needed to activate caspase 9 and caspase 3.
However, the mechanism of DHA-mediated inhibition of the
growth of diffuse large B cell lymphoma has not been
studied. Based on the above-mentioned finding, this study
explored the therapeutic effect of DHA in diffuse large B cell
lymphoma and its potential molecular mechanism. Our
research group also found that DHA could inhibit T-cell
lymphoma cell survival and proliferation by inhibiting
protein kinase B/Glycogen synthase kinase β signaling
pathway, decreasing c-Myc protein expression, and
upregulating Bax/Bcl-2 ratio, and we also found that DHA
combined with siNotch1 could inhibit T-cell lymphoma cell
proliferation, promote apoptosis, and downregulate Notch1/c
Myc signaling pathway (Huo et al., 2018). In this work, we
investigated the potential of DHA as a novel antitumor
agent for the treatment of DLBCL. DHA inhibited the
proliferation of the DLBCL cell line SU-DHL-4 in a
concentration- and time-dependent manner, consistent with
the findings of DHA on Jurkat and ovarian cancer cells (Liu
et al., 2018; Wei et al., 2018). Then we further explored the

FIGURE 4. The intrinsic apoptosis pathway is involved in
dihydroartemisinin (DHA)-induced apoptosis of SU-DHL-4 cells.
Apoptosis-related proteins after treatment with various
concentrations of DHA for 24 h were subjected to western blot
analysis.
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underlying mechanism. Our results demonstrated that DHA
exerted anti-lymphoma effects by enhancing apoptosis in
diffuse large B-cell lymphoma through down-regulation of
c-Myc expression by inhibiting STAT3 activity. To begin
with, DHA treatment reduced p-STAT3 protein level, and
C-Myc mRNA and protein levels, which showed that DHA
inhibited STAT3 activation, and then regulated the
expression of the downstream molecule c-Myc, which is
consistent with previous reports that suppression of STAT3
activation after DHA treatment in non-small cell lung
cancer cells (Yan et al., 2018). Next, DHA could induce the
apoptosis of SU-DHL-4 cells in a drug-dependent manner.
DHA-induced apoptosis in SU-DHL-4 cells in a drug dose-
dependent manner. Interestingly, we also found that caspase
9, caspase 3, and cleaved-PARP were down-regulated after
DHA intervention, illustrating that the endogenous
apoptosis pathway was also involved in DHA-induced
apoptosis. However, DHA could not downregulate Bcl-2 or
upregulate the expression of Bax protein in the present
study, which we speculated to occur for the following
possible reasons. In this research, we chose the SU-DHL4
cell line, a germinal center B-cell (GCB) subtype of DLBCL
cells, as an in vitro model of DLBCL. According to previous
studies, the overexpression of Bcl-2 in the GCB subtype of
DLBCL is mainly due to the rearrangement of the Bcl-2
gene (Riedell and Smith, 2018), so we considered that its
regulation by STAT3 is weak, and the suppression of
STAT3 activity cannot downregulate Bcl-2 protein
expression. On the other hand, previous studies reported
that Bcl-2 mainly prevents apoptosis from occurring by
inhibiting Bax (Barclay et al., 2015), and we speculate that if
Bcl-2 protein expression cannot be downregulated, it will be
difficult to upregulate Bax protein expression. Therefore, we
extrapolate that the key factor in apoptosis of SU-DHL-4
cells is the downregulation or inhibition of c-Myc instead of
Bcl-2 or Bax.

In summary, the results of this study showed that DHA
significantly inhibited the growth of human DLBCL SU-
DHL-4 cells in vitro, which may be attributed to enhanced
cell apoptosis through the decreased level of phosphorylated
STAT3 (Tyr705). The results of the present study aid in
clarifying the mechanism of antitumor activity of DHA in
diffuse large B cell lymphoma cells. Therefore, we provided
further solid experimental evidence to support DHA as a
potential therapeutic agent for human DLBCL. However,
the effect of DHA on the patient samples and xenograft
mouse model in DLBCL was not assessed in the present
study; therefore, we will further investigate the effect of
DHA in future in vivo studies.
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