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Abstract: Diffuse large B-cell ymphoma (DLBCL) is the most common type of non-Hodgkin lymphoma (NHL). Che-
motherapy is one of the main treatments for cancer, but the antitumor effect of chemotherapeutic drugs is affected
by the patient’s immune status. The programmed cell death 1 (PD-1)/programmed cell death-ligand 1 (PD-L1) axis
is an important central checkpoint in tumor progression. The present study demonstrated a significant synergistic
effect of PD-1 inhibitor and oxaliplatin, cisplatin, etoposide, cytarabine, ifosfamide and carboplatin. There was no
difference in cytotoxicity between the groups with or without PD-L1 inhibitor. It was also observed that cytotoxicity
of T cells combined with PD-1 inhibitor against DLBCL cells was inhibited by dexamethasone addition to the culture
system at 24, 48 and 72 h. There was no difference in cytotoxicity between the group of dexamethasone added at
96 h and the group without dexamethasone at 96 h. Then, we selected a PD-1 inhibitor combined with a chemo-
therapeutic regimen in a Pfeiffer cell mouse xenograft model. At 21 days, the reduction in tumor size was more obvi-
ous in the DHAP combined with PD-1 inhibitor group (dexamethasone after 96 h of PD-1) compared with that in the
DHAP (P=0.007), the PD-1 inhibitor (P=0.001) and the DHAP combined with PD-1 inhibitor (dexamethasone after 24
h of PD-1) (P=0.005) groups. However, the reduction in tumor size was more obvious in the GemOx combined with
PD-1 inhibitor group compared with that in the GemOx group (P=0.037). Therefore, the present study demonstrated
the synergistic effects of PD-1 inhibitor combined with chemotherapeutic regimens in DLBCL.
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Introduction progression [3]. PD-1 is an immune checkpoint
that may prevent the immune system from Kkill-
Diffuse large B-cell lymphoma (DLBCL) is the ing cancer cells [4]. Previous research revealed
most common type of non-Hodgkin lymphoma that the PD-1 gene is overexpressed in patients
(NHL). Rituximab (CD20 monoclonal antibody, with DLBCL [5]. The expression of the PD-1
mADb) plus cyclophosphamide, doxorubicin, vin- gene increases with tumor aggressiveness, and
cristine and prednisolone (R-CHOP) have sig- is an independent factor associated with 0S. In
nificantly increased the overall survival (0S) recent years, it was reported that there is a cor-
and the 5-year progression-free survival (PFS) relation between the PD-1/PD-L1 axis and the
rates [1, 2]. However, several patients with prognosis of DLBCL. High PD-L1 cell numbers
NHL, particularly those with DLBCL, develop were found to be associated with poor event-
relapsed/refractory (R/R) disease after stan- free survival [6]. Therefore, PD-1 inhibitors may
dard combined chemotherapy. Therefore, a no- be considered as an immunological target for
vel therapeutic strategy is needed to improve the treatment of R/R DLBCL.
the curative effect and prolong patient survi-
val. The programmed cell death 1 (PD-1)/pro- Other studies have demonstrated that the OS
grammed cell death-ligand 1 (PD-L1) or PD-L2 and PFS of patients with advanced non-small

axis is an important central checkpoint in tumor cell lung cancer (NSCLC) treated with PD-1 in-
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hibitors combined with gemcitabine and cispla-
tin were longer compared with those following
treatment with gemcitabine or cisplatin alone
[7, 8]. In the present study, the combined
effects of PD-1 inhibitors and cisplatin, carbo-
platin, oxaliplatin, gemcitabine, isocyclophos-
phamide, mitoanthraquinone, etoposide, cyta-
rabine and dexamethasone were investigated.
Furthermore, the combined effect of PD-1
inhibitors and chemotherapeutic drugs were
observed in vitro and in vivo, in the hope of
identifying the chemotherapeutic drugs that
are more effective in combination with PD-1
inhibitors.

Materials and methods

Primary cells, cell lines, mice, PD-1 inhibitor
and PD-L1 inhibitor

CD3* T cells in this experiment were isolated
from five healthy donors. Ethics approval was
granted by the IRB of the hospital and informed
consent was obtained from the donors. DLBCL
cell lines including Pfeiffer, U2932, OCI-ly7 and
OCl-ly cells were obtained from the American
Type Culture Collection (ATCC, Manassas, VA,
USA) and were cultured in RPMI-1640 me-
dium containing 15% fetal bovine serum, 1%
penicillin/streptomycin, 2 mmol/l L-glutamine,
and 1 mmol/l sodium pyruvate. Female CAnN.
Cg-Foxn1nu/CrIVR mice, aged 6-8 weeks and
weighing 20+1.8 g (Beijing Vitonlihua Experi-
mental Animal Technology Co., Ltd, Beijing,
China), were selected for the in vivo study. All
animal experiments were approved by the
Ethics Committee of Tianjin First Central Hos-
pital. The PD-1 inhibitor was OPDIVO (nivolum-
ab) and the PD-L1 inhibitor was purchased
from MCE (MedChemExpress).

Isolation of PBMCs and T-cell culture in vitro

PBMCs from five healthy donors were isolated
from the buffy coat (New York Blood Center,
New York, NY, USA) by Ficoll density gradient
centrifugation (500 x g for 10 min at room
temperature). The CD3* T cells were selected
by MACS using CD3 microbeads (Miltenyi
Biotec, Inc., Cambridge, MA, USA) from the
PBMCs. Then, CD3* T cells were cultured in
T-cell medium X-Vivo 15 (Lonza Group, Ltd.,
Basel, Switzerland) supplemented with 250 1U/
ml interleukin-2 (IL-2; Proleukin®; Novartis
International AG, Basel, Switzerland) every 2
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days at 37°C in a humidified incubator with 4%
CO,. The T cells were harvested on day 12 after
isolation and culture in vitro.

Selection of the proportion of T cells and
DLBCL cell lines in mixed culture

T cells were mixed with DLBCL cell lines at an
effector:target ratio (E:T) of 1:1, 2:1, 5:1 and
10:1. The cytotoxic activity was detected using
lactate dehydrogenase (LDH) cytotoxicity Assay
Kit (Dojindo Molecular Technologies, Inc.) at
490 nm to select the proportion of T cells to
Pfeiffer cell lines in the following experiment.

Concentration selection of PD-1 or PD-L1
inhibitor

Different doses of PD-1 inhibitor (18, 36, 72
and 144 pg/ml) were added in the co-culture
system of T cells and DLBCL cell lines [9, 10].
Different doses of PD-L1 inhibitor (10, 50, 100
and 200 pg/ml) were added in the co-culture
system of T cells and DLBCL cell lines. The cyto-
toxic activity was detected by the LDH method
to select the concentration of PD-1 or PD-L1
inhibitor in the following experiments.

Selection of the concentration of chemothera-
peutic drugs

The dose of each chemotherapeutic drug in the
in vitro experiment was determined based on
the clinical suggested doses and published lit-
erature. The concentrations of chemotherapy
drugs selected for the present study were as
follows: Cisplatin at 0.3 mg/ml, cytarabine at
0.3 mg/ml, gemcitabine at 0.6 mg/ml, carbo-
platin at 0.3 mg/ml, oxaliplatin at 0.04 mg/ml,
etoposide at 0.3 mg/ml, isocyclophosphamide
at 3 mg/ml and mitoxanthraquinone at 6 pg/
ml. We set different concentration gradients of
the chemotherapy drug to observe the cytotox-
ic activity against DLBCL cell lines.

Flow cytometry

The expression of CD3in T cells, PD-1in CD3* T
cells and PD-L1 in DLBCL cell lines was ana-
lyzed using flow cytometry. The expression of
CD3in T cells was analyzed using anti-CD3-APC
(Beckman Coulter, Inc.). The expression of PD-1
in CD3* T cells was analyzed using anti-CD279-
FITC (Miltenyi Biotec, Inc.). The expression
of CD19 and PD-L1 in Pfeiffer cells were ana-
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Figure 1. Expression of PD-1 on CD3* T cells and PD-L1 on DLBCL cells. A.
Expression of PD-1 on CD3* T cells of the five healthy donors. B. Expression

of PD-L1 on Pfeiffer cells.

lyzed using anti-CD19 PC7 and anti-PD-L1-PE
(Beckman Coulter, Inc.).

Cytotoxicity against DLBCL cell lines in vitro

The T cells were pretreated with PD-1 inhibitor
in the absence of supplemented cytokines for
24 h. The DLBCL cell lines were pretreated with
PD-L1 inhibitor for 24 h. There were four groups
in the present study: i) T cells + DLBCL cell lines
(E:T=1:1), ii) T cells + DLBCL cell lines + chemo-
therapeutic drug, iii) T cells + DLBCL cell lines +
PD-1 inhibitor (or PD-L1 inhibitor) and iv) T cells
+ DLBCL cell lines + PD-1 inhibitor (or PD-L1
inhibitor) + chemotherapeutic drug. The co-cul-
ture time of each group was 24, 48 and 72 h.
Cytotoxicity was detected using the LDH meth-
od at 490 nm at O, 24 and 48 h. The experi-
ment in vitro was repeated three times.

Xenograft tumor model

Female 6-8-week-old CAnN.Cg-Foxninu/CrIVR
(BALB/c) mice, weighing 20.25+1.51 g (n=24,
Beijing Vitonlihua Experimental Animal Tech-
nology Co., Ltd, Beijing, China), were injected
with 1 x 107 Pfeiffer cells transduced with lucif-
erase (Shanghai Suer Biotechnology Co.) by
subcutaneous injection. The mice were moni-
tored for established tumors by biolumines-
cence imaging (BLI) in vivo. Upon confirmation
of engraftment after 25 days, the mice were
randomized and treated by tail vein injection as
the following groups: i) Control group (no treat-
ment), ii) DHAP/GemOx group, iii) PD-1 inhibitor
group and iv) DHAP/GemOx combined with
PD-1 inhibitor group. The DHAP combined with
PD-1 inhibitor group was divided into two sub-
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NCCN 2020 guidelines. The
mice of the PD-1 inhibitor
group received 5 x 10%/kg of
T cells and 3 mg/kg of PD-1
inhibitor on the first day of the
combination therapy (n=3 mice per group).
After 14 and 21 days, mice were monitored
with BLI for disease progression following intra-
peritoneal injection with D-luciferin (Goldbio,
150 mg/kg). All the mice were sacrificed when
either experimental or humane endpoints were
reached.

Statistical analysis

SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) statis-
tical software was used for statistical analysis.
Data are expressed as the mean + standard
error and analyzed by t-text, with g-test method
used for pairwise comparison. P<0.05 was con-
sidered to indicate a statistically significant
difference.

Results

Expression of PD-1 on CD3* T cells and PD-L1
on DLBCL cells

The mean expression of PD-1 in the CD3* T
cells isolated from the five healthy donors was
23.35+5.06%. The mean expression of PD-L1
was as follows: Pfeiffer (34.46+3.26%), U2932,
OCl-ly7 and OCI-ly19 cells in three repetitions
of the experiment (Figure 1).

Selection of E:T ratio, concentration of PD-1
inhibitor or PD-L1 inhibitor

The activity of T cells against Pfeiffer cells
increased with the increase of the E:T ratio at
48 h (Figure 2A). The results were same as
those for U2932, OCI-ly7 and OCI-lyl9 cells
(Figure 2B). In order to reduce the direct killing
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Figure 2. Selection of E:T ratio, concentration of PD-1 inhibitor or PD-L1 inhibitor. (A) The activity of T cells against
Pfeiffer cells with the increase of the E:T ratio at 48 h. (B) The activity of T cells against U2932, OCI-ly7 and OCI-ly19
cells with the increase of the E:T ratio at 48 h. The activity of PD-1 inhibitor against Pfeiffer cells (C) and U2932,
OCl-ly7 and OCI-ly19 cells (D). The activity of PD-L1 inhibitor against Pfeiffer cells (E) and U2932, OCI-ly7 and OCI-

ly19 cells (F).

activity of T cells against DLBCL cell lines, the
E:T ratio of 1:1 was selected for the following
analysis of chemotherapeutic drugs combined
with PD-1 inhibitor or PD-L1 inhibitor. The activ-
ity of PD-1 inhibitor or PD-L1 inhibitor against
Pfeiffer cells increased with the gradually in-
creasing doses of inhibitors (Figure 2C and 2E).
The results were same as those for U2932,
OCl-ly7 and OCI-ly19 cells (Figure 2D and 2F).
We selected 36 pg/mL PD-1 inhibitor and 100
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pg/mL PD-L1 inhibitor in the following synergis-
tic experiments.

Cytotoxicity of PD-1 inhibitor combined with
chemotherapeutic drugs on DLBCL cell lines

The cytotoxicity of PD-1 inhibitor combined with
oxaliplatin, cisplatin and etoposide was signifi-
cantly higher compared with that of the chemo-
therapeutic drug group (P<0.01; Figure 3A-C).
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Figure 3. Cytotoxicity of PD-1 inhibitor combined with chemotherapeutic drugs on DLBCL cell lines. The cytotoxicity of PD-1 inhibitor combined with/or oxaliplatin (A,
B), cisplatin (C, D) and etoposide (E, F). The cytotoxicity of PD-1 inhibitor combined with/or cytarabine (G, H), ifosfamide (I, J) and carboplatin (K, L). The cytotoxicity
of PD-1 inhibitor combined with gemcitabine (M, N) and mitoxanthraquinone (O, P).
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Figure 4. Effect of dexamethasone on the PD-1 inhibitor. The culture system included T cells and DLBCL cell lines (E:T=1:1), 36 pg/ml PD-1 inhibitor. Dexametha-
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The cytotoxicity of PD-1 inhibitor combined with
cytarabine, ifosfamide and carboplatin was
higher compared with that of the chemothera-
peutic drug group (P<0.05; Figure 3D-F).
However, there was no difference in the cyto-
toxicity of PD-1 inhibitor combined with gem-
citabine and mitoxanthraquinone compared
with the chemotherapeutic drug group (P>0.05,
Figure 3G and 3H). The cytotoxicity of PD-1
inhibitor combined with oxaliplatin and cisplat-
in was significantly higher compared with that
of the PD-1 inhibitor group (P<0.01; Figure 3A
and 3B). The cytotoxicity of the PD-1 inhibitor
combined with etoposide and cytarabine was
higher compared with that of the PD-1 inhibitor
group (P<0.05; Figure 3D-F). However, there
was no difference in the cytotoxicity of the PD-1
inhibitor combined with ifosfamide, carboplat-
in, gemcitabine and mitoxanthraquinone with
the PD-1 inhibitor group (P>0.05; Figure 3G
and 3H).

Effect of dexamethasone on the PD-1 inhibitor

The culture system included T cells and DLBCL
cell lines (ET=1:1), with 36 yg/ml PD-1 inhibi-
tor. Dexamethasone (0.08 mg/ml) was added
to the culture system at 24, 48, 72 and 96 h.
The cytotoxicity of T cells combined with PD-1
inhibitor against DLBCL cell lines was inhibited
by dexamethasone addition to the culture sys-
tem at 24, 48 and 72 h groups and it was low-
er compared with that of the control group with-
out dexamethasone at the same time point.
However, there was no difference in cytotoxicity
between the group of dexamethasone added at
96h and the group without dexamethasone at
96 h (Figure 4).

Cytotoxicity of the PD-L1 inhibitor combined
with chemotherapeutic drugs on DLBCL cell
lines

The cytotoxicity of PD-L1 inhibitor combined
with cisplatin, oxaliplatin and etoposide in cul-
ture system of T cells and DLBCL cell lines
(E:T=1:1) was observed. There was no differ-
ence in cytotoxicity between the groups with or
without PD-L1 inhibitor (Figure 5).

Effect of chemotherapeutic drugs combined
with PD-1 inhibitor in mice

In the tumorigenic model, all groups of mice
displayed no serious toxicities and maintained

2806

an overall stable weight. The mice were moni-
tored with BLI for disease progression. The
DHAP regimen combined with PD-1 inhibitor
(dexamethasone after 96 h of PD-1) group
achieved the best curative effect in this study.
As the selected dose of the DHAP/GemOx che-
motherapy regimen was half of the clinically
recommended dose, the mice in these two
groups could not achieve the optimal curative
effect from the therapy (Figure 6).

At 21 days of the mouse experiment, the PD-1
inhibitor alone group exhibited limited efficacy
and slightly reduced tumor size. The reduction
in the tumor size was more obvious in the DHAP
combined with PD-1 inhibitor group (dexameth-
asone after 96 h of PD-1) compared with that of
the DHAP group (P=0.007), the PD-1 inhibitor
group (P=0.001) and the DHAP combined with
PD-1 inhibitor group (dexamethasone after 24
h of PD-1) (P=0.005). However, there was no
difference in the reduction of tumor size
between the DHAP and the DHAP combined
with PD-1 inhibitor (dexamethasone after 24 h
of PD-1) groups (P=0.573). The reduction in the
tumor size was more obvious in the GemOx
combined with PD-1 inhibitor group compared
with that in the GemOx group (P=0.037). There
was no difference in the reduction of the tumor
size between the GemOx and the PD-1 inhibitor
groups (P=0.983; Figure 7A). The changes of
the Avg radiance were consistent with the
changes of the tumor size (Figure 7B). The sur-
vival time of mice in all the groups demonstrat-
ed that mice in the DHAP combined with PD-1
inhibitor (dexamethasone after 96 h of PD-1)
and in the GemOx combined with PD-1 inhibitor
groups had the longest survival compared with
the mice in all other groups. The mice of DHAP
combined with PD-1 inhibitor group (dexameth-
asone after 96 h of PD-1) all survived for 60
days after treatment (Figure 7C).

Discussion

DLBCL is the most common type of NHL [11].
The most widely used regimen is R-CHOP (ritux-
imab + cyclophosphamide + doxorubicin + vin-
desine + prednisone) [12]. Chemotherapy is
one of the main treatments for cancer, but
the anttumor effect of chemotherapeutic dr-
ugs is affected by the patient’s immune status.
In clinical studies, chemotherapeutic drugs
have a poor efficacy in patients with immuno-
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Figure 5. Cytotoxicity of the PD-L1 inhibitor combined with chemotherapeutic drugs on DLBCL cell lines. The cyto-
toxicity of PD-L1 inhibitor combined with/or cisplatin (A, B), oxaliplatin (C, D) and etoposide (E, F) in culture system
of T cells and DLBCL cell lines (E:T=1:1) was observed. There was no difference in cytotoxicity between the groups
with or without PD-L1 inhibitor.
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Figure 6. Effect of chemotherapeutic drugs combined with PD-1 inhibitor in mice. The mice were monitored with
BLI for disease progression. The groups were divided into control group, PD-1 inhibitior group, DHAP regimen group,
DHAP regimen combined with PD-1 inhibitor (dexamethasone after 24 h of PD-1) group, DHAP regimen combined
with PD-1 inhibitor (dexamethasone after 96 h of PD-1) group, GemOx group and GemOx combined with PD-1 inhibi-
tor group. The photo were showed in above groups at O day, 14 day and 21 day.

deficiency [13], suggesting that the antitumor ed by regulating the immune system of the
effect of chemotherapy drugs may be improv- patients.
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Figure 7. Effect of chemotherapeutic drugs combined with PD-1 inhibitor in mice. At the 21 days of this study in
mice, mice were monitored for established tumors by bioluminescence imaging (BLI) in vivo. A. The tumor size were
counted with above groups. B. The Avg radiance were counted with above groups. C. The survival rate were counted

with above groups.

PD-1 expressed on T cells binds to PD-L1/L2
on tumor cells or other target cells, and then a
downstream signaling pathway leads to the
exhaustion of T cells and escape from immune
surveillance of tumor cells [14]. PD-1 plays a
key role in peripheral tolerance and homeosta-
sis by inhibiting T-cell activation through inter-
action with PD-L1 expressed on tumor cells
and non-malignant microenvironment cells
(MECs) activating the checkpoint pathway as-
sociated with tumor evasion mechanism [15].
PD-1 inhibitors have been applied in a variety of
solid tumors to prolong the OS and PFS [16-18].
In previous clinical trials, PD-1 inhibitors have
shown therapeutic effects on hematological
malignancies such as classic Hodgkin's lym-
phoma [19], follicular lymphoma [20] and
DLBCL [21]. In recent years, the PD-1/PD-L1
axis has been shown to be correlated with the
prognosis of patients with DLBCL [22].

In the chemotherapy group (pemetrexil + carbo-
platin) combined with PD-1/PD-L1, the effect
was twice as much as that in the chemotherapy
group, and the PFS was significantly prolonged
in extensive-stage small-cell lung cancer [23]. It
was previously demonstrated that chemothera-
py used for the treatment of lymphoma patients
has induced tumor immune evasion by upregu-
lation of PD-L1 expression in bone marrow stro-
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mal cells [24]. According to the experimental
results, PD-1 inhibitors performed better than
PD-L1 blockers in terms of OS benefits, includ-
ing total survival and PFS. In terms of drug safe-
ty, PD-1 inhibitors have relatively fewer side
effects [25]. Although immune checkpoint
blockade appeared to hold promise in the treat-
ment of refractory DLBCL, the majority of the
patients did not respond to single-agent PD-1
inhibitor [26]. PD-1 inhibitor combination with
conventional chemotherapy exhibited shown
synergistic efficacy through modifying the tu-
mor microenvironment or releasing multiple
tumor neoantigens. Agents such as anthracy-
cline and platinum agents may lead to immuno-
genic cell death and trigger the uptake and
regulation of tumor antigens [27, 28]. Therefore,
the underlying mechanisms must be explored
in depth, as chemotherapy combined with
PD-1/PD-L1 inhibitors may prove to be an
effective strategy for the treatment of lympho-
ma and other malignancies.

The present study demonstrated that PD-1
inhibitors combined with the certain chemo-
therapeutic drugs (cisplatin, oxaliplatin or eto-
poside) could significantly inhibit the prolifera-
tion of tumor cells in vitro. The synergistic
effects of PD-1 inhibitors and cytarabine, car-
boplatin and isocyclophosphamide were weak-
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er compared with those of the PD-1 inhibitors
combined with cisplatin, oxaliplatin and etopo-
side. It was further observed that the synergis-
tic effects of PD-1 inhibitors and chemothera-
peutic drugs were superior to those of PD-L1. In
the in vivo study, it was observed that the DHAP
regimen combined with PD-1 inhibitor (dexa-
methasone after 96 h of PD-1) and the GemOx
regimen combined with PD-1 inhibitor had sat-
isfying synergistic effects. The DHAP regimen
combined with PD-1 inhibitor (dexamethasone
after 96 h of PD-1) exhibited an optimal tumor-
suppressive efficacy in our study in mice.

Chemotherapy regimens for NHL often contain
glucocorticoids. The glucocorticoids may affect
the efficacy of immune checkpoint blockade
within a short period [29]. Our results revealed
that the synergistic effects of PD-1 inhibitor
and chemotherapeutic regimens could not be
inhibited by the glucocorticoid when it was
added after 96 h of PD-1 inhibitor.

Therefore, the results of the present study
revealed the synergistic effects of PD-1 inhibi-
tor combined with chemotherapeutic regimens
in Pfeiffer cells in vitro and in vivo. These results
may prove to be of value in terms of curative
effects in patients with R/R DLBCL. However,
further studies are required to fully elucidate
the underlying mechanisms and to provide evi-
dence supporting the use of PD-1 inhibitors in
polytherapy with chemotherapeutic regimens.
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