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Abstract

Background: The underlying cause of relapsed and refractory (r/r) diffuse

large B‐cell lymphoma (DLBCL) is usually related to apoptosis resistance to

antitumor drugs. The recent years have provided lots of evidence that tumor

cells may undergo stress‐induced premature senescence (SIPS) in response to

chemotherapy, but how SIPS affects lymphoma cells remains inconclusive.

Methods: Fifty‐two DLBCL patients, including 6 newly diagnosed (ND), 17

complete remissions (CR), and 29 (r/r), were enrolled in this study. We used a

senescence‐associated‐β‐galactosidase (SA‐β‐Gal) staining kit for senescence

staining. Suppressive immune cells including regulatory T cells (Treg) and

myeloid‐derived suppressor cells (MDSC) were detected by flow cytometry

(FCM). Secreted cytokines were measured by ELISA Kit and SENEX gene

expression was detected by a quantitative real‐time polymerase chain reaction.

We used 40 nM doxorubicin to induce the SIPS model of DLBCL in vitro.

Apoptosis and proliferation activity of senescent LY8 cells were respectively

detected by FCM and CCK8. SENEX gene was silenced by RNA interference.

Results: The proportion of senescent lymphoma cells was significantly in-

creased in r/r DLBCL patients, concomitant with increased Treg, MDSC, and

various secreted cytokines with proinflammatory and immunosuppressive

effects. The SENEX gene was significantly elevated in the SIPS model.

Senescent DLBCL cells had good antiapoptotic ability and proliferative activity

accompanied by increased immunosuppressive cytokines. Interestingly, when
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we silenced the SENEX gene in the DLBCL cell line, the results were the

opposite to the above.

Conclusion: SIPS activated by the SENEX gene mediates apoptosis resistance

of r/r DLBCL via promoting immunosuppressive cells and cytokines.
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1 | INTRODUCTION

Diffuse large B‐cell lymphoma (DLBCL) is the most com-
mon type of adult aggressive lymphoma and is highly het-
erogeneous in clinical manifestation and prognosis.1 Though
Rituximab based immunotherapy have been applied for
several years, the clinical outcome of DLBCL patients re-
mains challenging, as about 30%−40% of patients relapse,
and 10% of them are refractory.2 Even with high‐dose che-
motherapy combined with autologous hematopoietic stem
cell transplantation (ASCT) or chimeric antigen receptor T
(CAR‐T) therapy, the prognosis of some relapsed and re-
fractory (r/r) DLBCL patients is still not optimistic.3,4 Further
understanding the underlying cause and pathogenesis of r/r
DLBCL will bring about new hope for future treatment.

Cell senescence is a stable cell‐cycle arrest state. It is a
fail‐safe program initiated by the body in response to se-
vere cell damage (such as oncogene activation or DNA
damage caused by chemotherapy), which induces da-
maged cells to enter the state of senescence to prevent
potentially harmful cells from further expansion by in-
itiating gene reprogramming.5,6 It is usually divided into
replicative senescence (RS) and stress‐induced premature
senescence (SIPS) according to different mechanisms.5–8

SIPS is telomere independent and may occur with internal
carcinogen activation, or external drugs, oxidation, infec-
tion, ion radiation, and other DNA damage stimuli.7 When
the pressure is removed or the environment changes, it
may reenter the cell cycle and re‐start proliferation.9

Due to its characteristic of limiting excessive or aberrant
cellular proliferation, SIPS was initially identified as a
tumor‐suppression mechanism and played a key role in
preventing the development of tumors.9 However, what
cannot be understood is that some progeroid syndromes
show a high incidence of tumors.10 In addition, the last two
decades have provided mounting evidence that senescent
cells are causatively involved in tumor progression.6,9

SIPS' contribution to tumor progression also includes the
formation of an immunosuppressive microenvironment.11In
particular, senescent cells undergoing stress are character-
ized by the senescence‐associated secretory phenotype
(SASP),12 which refers to the excessive production of various

cytokines, chemokines, growth factors, extracellular matrix
components and remodeling proteins.12 Importantly, the
composition of the SASP also participates in various steps of
tumor progression.

The genes that regulate cellular senescence are extremely
complicated. Recently, a novel gene SENEX has been proved
to be related to cellular senescence and provides a unique
gatekeeper function in the SIPS pathways in ECs.13 Besides
this, the SENEX gene also involves in regulating tumor cell
growth and metastasis.14,15 Our previous research suggested
that the SENEX protein was significantly increased in se-
nescent DLBCL cells.16 However, the role of the SENEX
gene and SENEX activated SIPS in DLBCL, especially in r/r
DLBCL, and how SIPS affects r/r DLBCL has not been
previously investigated. Here, we demonstrate that SENEX
gene activated SIPS mediates apoptosis resistance of lym-
phoma cells in relapsed/refractory DLBCL (r/r DLBCL).

2 | MATERIALS AND METHODS

2.1 | Patients

Fifty‐two patients diagnosed with DLBCL from April 2017 to
April 2019 at the Second Hospital of Anhui Medical Uni-
versity, with no congenital/acquired immunodeficiency,
were enrolled. According to the Chinese guidelines for di-
agnosis and treatment of DLBCL (2013),17 the patients were
diagnosed and divided into the newly diagnosed (ND) group,
complete remission (CR) group, and r/r group. The detailed
clinical data of the patients are shown in Table 1. This study
was approved by the Institutional Review Board (IRB) In-
stitutional of the Second Hospital of Anhui Medical Uni-
versity. All patients enrolled in the study signed informed
consent.

2.2 | Cell culture

The human DLBCL cell line, OCI‐LY8 (abbreviation in
this article: LY8) was cultured in RPMI‐1640 supple-
mented with 10% fetal bovine serum. Cell cultures
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were maintained and incubated at 37°C in humidified
air with 5% CO2.

2.3 | Induction of senescence

Doxorubicin was purchased from Energy Chemical as a
10 mg/bottle lyophilized powder. The doxorubicin lyo-
philized powder was diluted in RPMI‐1640. Peripheral
blood mononuclear cells (PBMCs) (106/ml) extracted
from DLBCL patients with lymphoma cell infiltration in
peripheral blood and LY8 cells (106/ml) were treated
with 10, 20, and 40 nM doxorubicin, respectively, every 2
days for 2 h each for a total of six induction times in vitro.

2.4 | Senescence staining

According to instructions for the Senescence‐associated
‐β‐Galactosidase (SA‐β‐Gal) Staining Kit (Beyotime), LY8
cells treated with 10, 20, and 40 nM doxorubicin respec-
tively were fixed with galactosidase fixative and incubated
in dyeing working fluid as previously described.16 Finally,
the stained cells were observed under a microscope
(CNOPTEC). Cells that stained green‐blue were evaluated
as positive senescent cells. All SA‐β‐gal assays reflect at
least three samples.

2.5 | Flow cytometry

Cellular phenotype analysis and apoptosis analysis were
detected by a flow cytometer FC‐500 (Beckman Coulter).
Regulatory T cells (Treg) were subjected to staining and
identified by CD4+CD25+CD127low (Beckman Coulter).
Granulocytic myeloid‐derived suppressor cells MDSC
subsets (G‐MDSC) were subjected to staining and identi-
fied by CD11b+CD33+HLA‐DR–CD14–CD15+CD66b+, and
monocytic MDSC subsets (M‐MDSC) were subjected
to staining and identified by CD11b+CD33+HLA‐

DR‐CD14+CD15–CD66b– (Beckman Coulter). LY8 cells
were treated with/without doxorubicin in vitro and then
stained with annexin V and propidium iodide (Biouniquer)
for apoptosis analysis according to the manufacturer's
instructions.

2.6 | Western blot

Total proteins from cells were extracted by western blot
with IP cell lysis liquid (Beyotime) according to standard
procedures. Primary antibodies used for western blot are
shown in Table 2. Proteins were analyzed using the
SuperSignal West Femto Trial Kit (Thermo Fisher Sci-
entific) as previously described.18

2.7 | Quantitative real‐time polymerase
chain reaction (qRT‐PCR) analysis

Peripheral blood was collected from patients for evalua-
tion of SENEX gene levels via qRT‐PCR. Total RNA in
peripheral blood or LY8 cells was extracted by TRIzol
(Invitrogen). RNA was reverse‐transcribed using a Tran-
script RT Kit (Sangon) according to the manufacturer's
protocol. RT‐PCR was performed on the ABI 7500 Real‐
Time PCR System (Life Technologies) by SYBR Green
PCR Master Mix (TaKaRa). All primers were synthesized
by Sangon. The relative SENEX expression level was
calculated using the ∆∆2 C‐ t method. Sequences used for
qRT‐PCR primers are shown in Table 3.

2.8 | Small interfering RNA (SiRNA)
synthesis and transfection

The individual small interfering RNA target SENEX gene
(SENEX‐siRNA) and scramble negative control siRNA
(NC) were synthesized by Sangon. Ly8 cells were trans-
fected with SENEX‐SiRNA or NC for 48 h by using

TABLE 1 Characteristics of DLBCL patients

State of disease at sample draw Number of patients Average age (range) Gender distribution

Newly diagnosed 6 59.3 (47−79) Male 4

Female 2

Complete response 17 50.4 (31−76) Male 13

Female 4

Relapsed/refractory 29 60.3 (46−85) Male 24

Female 5

Abbreviation: DLBCL, diffuse large B‐cell lymphoma.
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lipofectamine 2000 (Invitrogen) Sequences used for
siRNA transfection have been previously published.16

2.9 | Proliferation analysis

LY8 cells treated with 10, 20, and 40 nM doxorubicin,
respectively, six times were plated at a density of
5000 cells/well. Cell proliferation was measured with
a CCK‐8 Kit (BestBio). Each assay was performed with
five replicates in three independent experiments.

2.10 | Enzyme linked immunosorbent
assay (ELISA)

Serum from DLBCL patients with lymphoma cell in-
filtration in peripheral blood and cell suspension from
doxorubicin‐induced LY8 cells were stored at −20°C. We
avoided repeated freeze‐thaw cycles. The concentration
of interleukin‐2 (IL‐2), IL‐6, IL‐8, IL‐10, IL‐35, trans-
forming growth factor‐β1 (TGF‐β1), tumor necrosis
factor‐α (TNF‐α), E2F1, and vascular endothelial growth
factor (VEGF) were measured with Human ELISA Kit
(OmnimAbs). We used the stock solution (8000 pg/ml) to
produce a twofold dilution series (including 4000, 2000,
1000, 500, and 250 pg/ml). Each group was made in tri-
plicate. All standards and samples were added in dupli-
cate to the microtiter plate according to standard
procedures. And taking the blank well as zero, we

measured the optical density at 450 nm after adding stop
solution within 15min.

2.11 | Statistical analysis

Student's t test was employed for analysis of two‐sample
and two‐tailed comparisons by SPSS 16.0 (SPSS Inc.).
Pearson correlation was used to measure the degree of
dependence between variables with SPSS 16.0. p values
were calculated, and p< .05 was considered statistically
significant.

3 | RESULTS

3.1 | Senescent lymphoma cells were
increased in r/r DLBCL patients

We performed morphological observation and senes-
cence staining in lymph node tissue and peripheral blood
specimens of DLBCL patients with peripheral blood in-
vasion. In the hematoxylin and eosin staining of lymph
nodes, we observed that the size of some lymphoma
cells was increased in r/r DLBCL patients, exceeding
the common large B‐cell size in ND DLBCL patients
(Figure 1A,B). Then, we performed the SA‐β‐Gal activity
analysis in lymph node specimens of ND and r/r DLBCL.
It was found that the SA‐β‐Gal activity of enlarged lym-
phoma cells in r/r patients was significantly increased
compared with ND patients (Figure 1C,D). Next, we
performed morphological observation and senescence
staining in peripheral blood specimens from ND and r/r
DLBCL patients with peripheral blood invasion. The
volume of abnormal lymphoma cells from r/r DLBCL
patients was greater than that from ND patients
(Figure 1E,F). Besides this, more SA‐β‐Gal staining po-
sitive lymphoma cells were found in peripheral blood
of r/r DLBCL patients compared with ND patients
(Figure 1G–I). These results suggested that the propor-
tion of senescent cells was significantly increased in
patients with r/r DLBCL.

TABLE 2 Primary antibodies used for western blot

Name Company Item number Dilution ratio

Anti‐ARHGAP18 Abcam ab175970 1:1000

P16 INK4A(D7C1M) Rabbit mAb Cell Signaling Technology #80772 1:1000

Rb(D20) Rabbit mAb Cell Signaling Technology #9313 1:1000

Phospho‐Rb(Ser780)(D59B7) Rabbit mAb Cell Signaling Technology #8180 1:1000

Mouse anti‐β‐Actin mAb ZSGB‐BIO TA‐09 1:2000

TABLE 3 Sequences used for qRT‐PCR primers

Name Sequences (5′–3′)

GAPDH: Forward GTGAAGGTCGGTGTGAACGG

GAPDH: Reverse GATGCAGGGATGATGTTCTG

SENEX: Forward TTGCTCTGTTTTCCAGATTGGA

SENEX: Reverse GCCCCAGTGCTTGAGGCT

Abbreviations: GAPDH, glyceraldehyde 3‐phosphate dehydrogenase;
qRT‐PCR, quantitative real‐time polymerase chain reaction.
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3.2 | Immunosuppressive cells and
secreted cytokines were increased in r/r
DLBCL

To analyze the tumor immune microenvironment in the
peripheral circulation of patients with r/r DLBCL, we
analyzed the proportion of circulated Treg and MDSC. Our
results showed that the Treg percentage in the r/r group
was significantly higher than that of the CR group
(p= .039) (Figure 2A). Meanwhile, the percentage of
G‐MDSC and M‐MDSC in the r/r group were both higher
than that of the CR group (Figure 2B). In addition, the
percentage of G‐MDSC had a statistical difference (p= .029)
(Figure 1C). These results suggested that the peripheral
circulated tumor immune microenvironment of r/r DLBCL

patients under the state of immunosuppressed. The accu-
mulation of immunosuppressive cells might be one
of the important reasons that caused lymphoma cells'
immune escape and drug resistance.

Senescent cells can continue to maintain metabolism
and secrete various cytokines. This secretion function is
called “senescence‐related secretory phenotype (SASP)”,
which is one of the important mechanisms involved in
the senescence process. In our study, the peripheral
blood serum of DLBCL patients was collected and ana-
lyzed for the relevant secreted cytokines by ELISA. The
results showed that IL‐2, IL‐6, IL‐8, IL‐35, IL‐10, TGF‐β1,
VEGF, and TNF‐α expression levels in the r/r group were
all increased in varying degrees than those of the CR
group, and IL‐6, IL‐8, TGF‐β1, and TNF‐α expression

FIGURE 1 Increased senescent lymphoma cells in relapsed/refractory (r/r) diffuse large B‐cell lymphoma (DLBCL) patients.
(A) Hematoxylin and eosin (HE) staining of lymph node tissue in newly diagnosed (ND) DLBCL patients, ×400, scale bar = 50 μm. (B) HE
staining of lymph node tissue in r/r DLBCL patients, ×400, scale bar = 50 μm. (C) Senescence staining of lymph node tissue in ND DLBCL
patients, ×400, scale bar = 50 μm. (D) Senescence staining of lymph node tissue in r/r DLBCL patients, ×400, scale bar = 50 μm. (E) Normal‐
sized lymphoma cells in peripheral blood of ND patients, ×400, scale bar = 50 μm. (F) Lymphoma cells, normal lymphocyte, and even
interstitial cells were significantly increased in r/r patients than other normal size lymphoma cells, ×400, scale bar = 50 μm. (G) Senescence
staining of peripheral blood mononuclear cells (PBMCs) in ND patients, ×400, scale bar = 50 μm. (H) Senescence staining of PBMCs in r/r
DLBCL patients, ×400, scale bar = 50 μm. (I) The proportion of senescent lymphoma cells in DLBCL patients
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levels were even higher than those of the ND group
(Figure 2D–K). It was suggested that these increased
secreted cytokines might interact and participate in the
formation of a complex tumor immune microenviron-
ment in the peripheral blood of r/r DLBCL patients,
contributing to lymphoma cell proliferation, invasion,
and resistance to chemoradiotherapy.

3.3 | SENEX gene activation in SIPS
model induced by doxorubicin

To obtain a senescence model of lymphoma cells under
the stress of chemotherapy, we used different con-
centrations of doxorubicin (10, 20, and 40 nM) to treat
the human DLBCL cell line LY8 in vitro. After repeated
induction for six times, the senescence of LY8 cells was
detected by SA‐β‐Gal staining. Compared with the
control group, a large number of enlarged senescent
cells could be detected in all the doxorubicin‐induced

groups (Figure 3A–D). Interestingly, the proportion of
senescent cells was increased with the increase of dox-
orubicin concentrations, and the highest proportion was
20.7% in 40 nM doxorubicin group (Figure 3E). Con-
sistent with the staining results, we simultaneously
tested the expression levels of the classic senescent
marker p16 protein and pRB protein. We found that p16
and pRB expression levels were both significantly in-
creased after the induction of doxorubicin, while RB
expression level was decreased (Figure 3F). These re-
sults suggested that repeated use of 40nM doxorubicin
in vitro could successfully induce lymphoma cells into
senescent state and the p16/RB pathway was activated
in senescent lymphoma cells. In addition, we also found
that the expression of ARHGAP18 (the protein encoded
by the SENEX gene) was significantly increased in se-
nescent lymphoma cells (Figure 3F). These results in-
dicated that SENEX expression was significantly
increased in senescent DLBCL cells accompanying
p16/Rb pathway activation. The overexpressed SENEX

FIGURE 2 Upregulated immunosuppressive cells and cytokines in r/r DLBCL patients. (A) The level of Tregs in DLBCL patients.
(B) The level of M‐MDSC in DLBCL patients. (C) The level of G‐MDSC in DLBCL patients. (D) The concentration of IL‐2 in DLBCL patients.
(E) The concentration of IL‐6 in DLBCL patients. (F) The concentration of IL‐35 in DLBCL patients. (G) The concentration of TGF‐β1 in
DLBCL patients. (H) The concentration of IL‐8 in DLBCL patients. (I) The concentration of IL‐10 in DLBCL patients. (J) The concentration
of VEGF in DLBCL patients. (K) The concentration of TNF‐α in DLBCL patients. CR, complete remission patients; DLBCL, diffuse large
B‐cell lymphoma; IL, interleukin; G‐MDSC, granulocytic myeloid‐derived suppressor cells; M‐MDSC, monocytic myeloid‐derived
suppressor cells; ND, newly diagnosed patients; r/r, relapsed/refractory patients; TGF‐β1, transforming growth factor‐β1; Treg, regulatory
T cells; VEGF, vascular endothelial growth factor
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gene may be closely related to the premature senescence
of DLBCL cells.

3.4 | Senescent DLBCL cells promoted
apoptosis resistance

To verify the biological function of senescent lymphoma
cells, we next examined the apoptosis rate and pro-
liferation activity in the senescent LY8 cells. We found
that the apoptosis rate of the three doxorubicin‐induced
groups were all significantly higher than that of the
control group (Figure 4A–E). Among the three
doxorubicin‐induced experimental groups, the apoptosis
rate in 40 nM doxorubicin was the lowest (Figure 4B–E).
We also found that the proliferative activity of three
doxorubicin‐induced groups was all significantly de-
creased than that of the control group, and the 40 nM
doxorubicin group was the least affected (Figure 4F).
These results suggested that less apoptosis phenomenon
and a more proliferative phenomenon existed in the
higher senescent group. Together, we speculated that
senescent lymphoma cells might have a certain anti-
apoptosis effect and good proliferative activity.

3.5 | Senescent DLBCL cells performed
the unique SASP

In this study, we also tested the level of secreted cyto-
kines in the cell suspension from doxorubicin‐induced
senescent LY8 cells. The results showed that compared
with the control group, except for VEGF, the other cy-
tokines including of E2F1, IL‐2, IL‐6, IL‐8, IL‐10, IL‐35,
and TGF‐β1 were all upregulated in varying degrees of
three doxorubicin (10, 20, and 40 nM) induced groups
(Figure 4G–N). It was suggested that the stress of
doxorubicin‐induced senescent lymphoma cells could
increase the levels of various secreted cytokines, which
might be one of the key factors to promote the progres-
sion of lymphoma.

3.6 | SENEX gene was a key factor
controlling SIPS in lymphoma cells

To further explore the function of the SENEX gene in
DLBCL, we silenced the SENEX gene by RNA inter-
ference in LY8 cells (Figure 5A,B) and then used
doxorubicin to induce the SIPS model. Interestingly,

FIGURE 3 SENEX gene activation in the SIPS model of DLBCL induced by doxorubicin. (A) Unprocessed LY8 cells were stained
for SAβ‐gal. (B–D) LY8 cells were repeatedly induced by 10, 20, and 40 nM doxorubicin, respectively, six times, 2 h each time, and then
stained for β‐galactosidase. (E) The proportion of SAβ‐gal positive LY8 cells treated with different concentrations of doxorubicin. **p< .01,
*p< .05. (F) LY8 cells were repeatedly induced by 10, 20, and 40 nM doxorubicin, respectively, six times, 2 h each time. And cells were
harvested for western blot. The expression of ARHGAP18 and p16/RB were measured with western blot. **p< .01, *p< .05. DLBCL, diffuse
large B‐cell lymphoma; SAβ‐gal, senescence‐associated‐β‐Galactosidase; SIPS, stress‐induced premature senescence
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FIGURE 4 Senescent DLBCL cells promoted apoptosis resistance via increasing SASP. (A) The proportion of apoptotic cells in
the control group was measured with FCM analysis (unprocessed LY8 cells). (B) The proportion of apoptotic cells in the 10 nM‐
doxorubicin group was measured with FCM analysis. (C) The proportion of apoptotic cells in the 20 nM‐doxorubicin group was
measured with FCM analysis. (D) The proportion of apoptotic cells in the 10 nM‐doxorubicin group was measured with FCM
analysis. (E) Effect of doxorubicin‐induced SIPS on the apoptosis of LY8 cells. **p < .01 (F) Cell proliferation rate of doxorubicin‐
induced LY8 cells was measured with CCK8 proliferation analysis. **p< .01 (G) The concentration of E2F1 in cell suspension of
doxorubicin‐induced LY8 cells. (H) The concentration of IL‐2 in cell suspension of doxorubicin‐induced LY8 cells. (I) The
concentration of IL‐6 in cell suspension of doxorubicin‐induced LY8 cells. (J) The concentration of IL‐8 in cell suspension of
doxorubicin‐induced LY8 cells. (K) The concentration of IL‐10 in cell suspension of doxorubicin‐induced LY8 cells. (L) The
concentration of IL‐35 in cell suspension of doxorubicin‐induced LY8 cells. (M) The concentration of TGF‐β1 in cell suspension of
doxorubicin‐induced LY8 cells. (N) The concentration of VEGF in cell suspension of doxorubicin‐induced LY8 cells. (K) The
concentration of TNF‐α in cell suspension of doxorubicin‐induced LY8 cells. (n = 3). CCK8, cell counting kit‐8; DLBCL, diffuse large
B‐cell lymphoma; FCM, flow cytometry; IL, interleukin 6; SASP, senescence‐associated secretory phenotype; SIPS, stress‐induced
premature senescence; TGF‐β1, transforming growth factor‐β1; TNF‐α, tumor necrosis factor‐α
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compared with the control group (C group) and
scramble negative control (NC group), the senescence
rate and proliferation rate were significantly decreased
(Figure 5C–G), but the apoptosis rate was significantly
increased in SENEX silenced group (SS group)
(Figure 5G). These results indicated that the SENEX
gene was a key factor controlling the formation and
apoptosis resistance of SIPS in lymphoma cells.
We suggested SIPS induced by the SENEX gene med-
iates apoptosis resistance of DLBCL via promoting
immunosuppressive cells and cytokines.

4 | DISCUSSION

DLBCL is a heterogeneous lymphoid malignancy and the
most important subtype of non‐Hodgkin's lymphoma
with one of the highest mortality rates. Thirty to 40% of

patients will develop r/r disease that remains a major
cause of mortality due to the limited therapeutic
options.19 Recently, studies on DLBCL have focused on
the different role of the tumor microenvironment (TME),
which is based on the relationship between tumor cells,
immune cells, and inflammatory cells.20 In contrast to
quiescent cells, senescent cells are usually bigger.21 SA‐β‐
Gal activity is a widely used marker for senescent cells.22

In this study, we demonstrated that enlarged, SA‐β‐Gal
staining positive lymphoma cells were increased in the
peripheral blood and lymph node specimens of r/r
DLBCL patients. These outcomes illustrated an im-
portant clinical phenomenon in that senescent cells and
most likely senescent lymphoma cells were increased in
r/r DLBCL.

SIPS is the most important inducer of cellular se-
nescence and has a dual role in developing diseases and
response to therapy in vivo.23 Recent studies suggest that

FIGURE 5 SENEX gene was a kted with SENEX‐siRNA or NC, and then total RNA and protein were extracted for qRT‐PCR and
western blot analysis. (A) The expression of SENEXmRNA was measured by qRT‐PCR. (B) The expression of ARHGAP18 was measured by
western blot. (C) Unprocessed LY8 cells; NC represented LY8 cells transfected with NC; SS represented LY8 cells transfected with
SENEX‐siRNA. (C–F) The senescence rate of LY8 cells transfected with SENEX‐siRNA. (G) The apoptosis rate of LY8 cells transfected with
SENEX‐siRNA. (H) The cell proliferation rate of LY8 cells transfected with SENEX‐siRNA. **p< .01, *p< .05. mRNA, messenger RNA;
NC, negative control; siRNA, small interfering RNA; qRT‐PCR, quantitative real‐time polymerase chain reaction
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SIPS may be invoked during the exposure of tumor cells
to conventional chemotherapy. In particular, the data
show that senescence of tumor cells is a reversible
process, treatments that enhance senescence are unlikely
to provide a useful therapeutic strategy against the
tumor.24‐26 However, whether or not SIPS is present and
how does SIPS affects DLBCL remains inconclusive.

In the present study, different concentrations of
doxorubicin were applied to LY8 cells and introduced
for 2 h each time once every 2 days six times because
SA‐β‐Gal expression and the characteristic morphology
take at least a few days (usually 3–7 days) after the dif-
ferent treatments in tumor cells.27 The proportion of se-
nescent lymphoma cells identified with SA‐β‐Gal
staining was increased, and consistent with high ex-
pression of p16 and pRB protein. Our results demon-
strated that the SIPS of lymphoma cells were successfully
induced with doxorubicin in vitro. We next examined the
apoptosis rate and proliferative activity in the above LY8
cells within the state of SIPS and found that the senes-
cent lymphoma cells possessed the characteristics of
a lower apoptosis rate and higher proliferative activity.
Together, these results illustrated that senescent lym-
phoma cells under the state of SIPS might have anti-
apoptotic effects and proliferative activity, which might
be an important factor contributing to lymphoma cell
resistance against drugs and disease progression.

Senescence‐associated gene and genes encoding the
secretory proteins changes are mostly specific within in-
dividual cell types.28 The most significant among the
genes and proteins is the acquisition of SASP that is
composed of several soluble and insoluble factors. These
factors can affect surrounding cells by activating various
cell‐surface receptors and the corresponding signal trans-
duction pathways and may lead to multiple pathologies.12

One of the most important effects of SASP is to promote
the proliferation, invasion, and migration of those
cells.12,28 SASP is also held responsible for senescence
spreading in other cell subtypes.24 Interestingly, although
a core of SASP factors is a feature of all senescent cells,
there are variations of the SASP that depend on the cell
type and senescence inducer.12 Although many in-
flammatory factors contribute to the SASP, the in-
flammatory cytokines, such as IL‐6 and IL‐8, are usually
the most common factors.29‐32 In this study, our results
showed that when the proportion of senescent cells in-
creased, the cytokines in either patient serum or culture
supernatant of lymphoma cell line included IL‐2, IL‐6,
IL‐8, and IL‐35, IL‐10, TGF‐β1 and TNF‐α were all up‐
regulated to varying degrees, which constitutes a unique
secretion phenotype of pro‐inflammatory and im-
munosuppressive. We believe that stress‐induced senes-
cent lymphoma cells increase the levels of various secreted

cytokines, forming a unique SASP microenvironment.
SASP may interact and participate in the formation of
complex TME, and lead to the anti‐tumor and proliferative
activities of senescent lymphoma cells.

Treg and MDSC are the other cellular components of
TME that can contribute to regulating the antitumor im-
mune responses by suppressing T cells proliferation in
DLBCL.33,34 Our results showed that Treg and MDSC
including M‐MDSC and G‐MDSC were both upregulated in
the peripheral blood of r/r DLBCL patients. The accumu-
lation of these immunosuppressive cells might be one of the
important partners of SASP that collaboratively caused
lymphoma cells' immune escape and drug resistance.

Coleman et al. first reported that the SENEX gene has
been confirmed to have a unique gatekeeper function in the
SIPS and apoptosis pathways in endothelial cells. The
SENEX induced senescent endothelial cells show anti‐
inflammatory properties and have an enhanced barrier
function to protect against apoptosis.13 In aged bladder
cancer patients, our previous study has shown that SENEX
gene expression was upregulated in Treg in response to
H2O2‐mediated stress, but silencing it could increase Tregs’
apoptosis and promote proapoptotic gene expression.35 Re-
cently, we found that SIPS can be induced by H2O2 in
DLBCL cells. SIPS formation promotes the expression of
the SENEX gene and the p16/Rb pathway in DLBLC cells,
while proliferation can be investigated in the above cells.16 In
the present study, we found that SIPS promoted apoptosis
resistance of DLBCL via increasing immunosuppressive cells
and SASP, and this process was regulated by the senescence
gene SENEX.

There are still some limitations to this study. First,
due to the limited clinical cases, we did not further
compare senescent cells and immunosuppressive com-
ponents in patients with different stages and types. Next,
we only used the LY8 cell in vitro experiment in the
study, this lymphoma cell line is derived from germinal
cancer and doesn't represent a nongerminal center
source of DLBCL. Therefore, further research is needed
to testify and validate the finding of our study.

In conclusion, it has been reported that resistance to
apoptosis is associated with the progression of DLBCL,
but the mechanism is unknown. Our results herein il-
lustrated SIPS activated by the SENEX gene mediates
apoptosis resistance of r/r DLBCL via promoting im-
munosuppressive cells and SASP. The definite mechan-
ism of SIPS at the molecular gene level should be further
investigated.
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