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Oxaliplatin facilitates tumor-infiltration of T cells and  
natural-killer cells for enhanced tumor immunotherapy in 
lung cancer model
Min Xina, Dan Lina, Nahan Yana, Huiling Lia, Jieping Lib and Zongming Huangc 

Platinum is reported to have adjuvant immune properties, 
whether oxaliplatin (OXA) could be utilized to synergize 
with anti-programmed cell death-1 (PD-1) antibody or 
anti-NKG2D (natural-killer group 2, member D) antibody is 
investigated. Subcutaneous A549 lung cancer and murine 
Lewis lung carcinoma (LLC) models were constructed, 
which were further intravenously injected with platinum-
based drugs or concomitant administrated with anti-PD-1 
antibody and or anti-NKG2D antibody. The tumor volume 
and the proportion of myeloid cells (CD45+CD11b+), 
CD3+T cells and NK (NK1.1+) cells were detected. The 
relative expression of chemokine (C-X-C motif) ligand 9 
(CXCL9), CXCL10 and CXCL11 and C-X-C motif chemokine 
receptor 3 (CXCR3) was detected with the ELISA, western 
blot and flow cytometry. The three platinum drugs 
(cisplatin, DDP; carboplatin, CBP; OXA) showed similar 
effects to inhibit A549 tumor growth in immune-deficient 
mice. While OXA exhibited better antitumor efficacy in 
wild-type mice bearing LLC with downregulated myeloid 
cells proportion, upregulated concentration of CXCL9, 

CXCL10 and CXCL11, and upregulated proportion and 
CXCR3 expression on T cells and NK cells. OXA combined 
with anti-PD1 or anti-NKG2D synergistically improved 
tumor growth inhibition and survival. The combination of 
OXA to anti-PD1 and anti-NKG2D antibodies will provide 
the most appropriate treatment benefit. Oxaliplatin 
promotes T cells and NK cells infiltration through the 
CXCL9/10/11-CXCR3 axis to enhance anti-PD1 or anti-
NKG2D immunotherapy in lung cancer. Anti-Cancer Drugs 
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by Wolters Kluwer Health, Inc.
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Introduction
Due to the intrinsic aggressive and rapidly growing char-
acteristics, lung cancer is the leading cause of cancer 
death among men and women [1,2]. Despite extensive 
efforts to improve survival outcomes, platinum chemo-
therapy (cisplatin, DDP; oxaliplatin, OXA; carboplatin, 
CBP) is still recommended as the first-line treatment 
option for advanced non–small cell lung cancer (NSCLC) 
for decades, which is mainly attributed to the promotion 
of cancer cell apoptosis by the covalent binding to DNA 
[3,4]. Unfortunately, most patients with lung cancer will 
relapse and become resistant to platinum-based therapy 
with unsatisfied efficacy.

In recent years, immunotherapy has emerged as an essen-
tial treatment option in lung cancer [5]. Immune check-
point blocking antibodies, such as anti-programmed cell 
death-1 (PD-1) antibody (pembrolizumab and nivolumab), 
anti-programmed death-ligand 1 (PD-L1) antibody (ate-
zolizumab and avelumab), have been approved for the 
treatment of NSCLC. Although PD-1/PD-L1 antibody 

shows the tremendous commercial value and broad clin-
ical application prospects, the effective rate of PD-1/
PD-L1 antibody in the treatment of advanced lung cancer 
is only about 20% [6,7], which seriously limits the range of 
patients who can benefit from it [8,9]. The main reason for 
the limited effect of PD1/PDL1 antibody therapy is the 
lack of infiltrating T cells in tumor tissues [10,11]; aside 
from T cells, preclinical and clinical trials have shown that 
other immune cells infiltration, such as natural-killer (NK) 
cells, also have significant antitumor effects [12,13].

It is worth noting that recent basic and clinical inves-
tigations demonstrate that at least part of the antitu-
mor efficacy of platinum chemotherapy may be due to 
potentiating immunogenic effects, such as signal trans-
ducer and activator of transcription (STAT) regulation, 
immunogenic type of cancer cell death induction, PD-L1 
modulation [14]. At the same time, there is no relevant 
investigation to deciphering the immunogenic effect of 
platinum in lung cancer.

In this study, we find that oxaliplatin can promote the 
infiltration of T cells and NK cells into tumor tissue, and 
combining with anti-PD1 and or anti-NKG2D (natu-
ral-killer group 2, member D) antibody may have a more 
significant antitumor effect.
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Methods and materials
Tumorigenesis mice model
Athymic male C57BL/6 nude Foxn1nu mice (6–8 weeks 
old) and C57BL/6 mice were ordered from Peking Vital 
River Laboratory Animal Ltd. (Beijing, China), and both 
A549 human lung adenocarcinoma cells and murine Lewis 
Lung Carcinoma Cell Line (LL/2) were purchased from 
China Center for Type Culture Collection. A549 cells or 
LLC cells (2 × 105 cells in Hank’s Buffered Salt Solution 
containing 1.35  mg/mL Matrigel) were subcutaneously 
injected into the right flank of C57BL/6 nude mice or 
C57BL/6 wide type mice. After 4 days after inoculation, 
the length and width of the tumor mass were measured and 
calculated as V=length.width2/2, and the platinum-based 
chemotherapy (3.0  mg/kg, every 4 days for three times) 
and or anti-PD1 or anti-NKG2D treatment (2.5  mg/kg, 
every 4 days for three times) was initiated when tumor 
volume reached about 50  mm3. The study protocol was 
approved by the institutional animal care and use commit-
tee of Hospital of People’s Armed Police of Fujian.

ELISA
The relative content of C-X-C Motif Chemokine Ligand 
9 (CXCL9), CXCL10 and CXCL11, transforming growth 
factor (TGF)-β, interleukin (IL)-12p70 and interferon 
(IFN)-γ were detected with relevant ELISA kit (eBiosci-
ence, San Diego, California, USA) according to the man-
ufacturer’s instructions. All standards and samples were 
measured with a SpectraMax M5 microplate (Molecular 
Devices) at a wavelength of 450 nm.

Flow cytometry
The tumor tissues were dissociated with gentle MACS, 
and the cells (1  ×  106) were suspended with 100  μl 
PBS, which were then incubated with labeled primary 

antibodies (4°C, for 30 min) and analyzed with FCSalyzer. 
The antibodies utilized in this investigation included anti-
mice PE-CD45 antibody, anti-mice PerCP-Cy5.5-CD11b 
antibody, anti-mice BV510-CD3 antibody, anti-mice 
APC-NK1.1 antibody and anti-mice PE-Cy7-CXCR3 
antibody (Biolegend, San Diego, California, USA).

Quantitative real-time RT-PCR
TRIzol reagent (Invitrogen, Waltham, Massachusetts, 
USA) was used to extract total RNA according to the 
manufacturer’s instructions. cDNA was reverse-tran-
scribed from 1 μg RNA with a high capacity cDNA 
reverse transcription kit (Applied Biosystems, Foster 
City, California, USA). SYBR Green master mix (Roche, 
Penzberg, Upper Bavaria, Germany) was utilized to 
detect the amplification of interest genes. The reac-
tion procedures were as follows: 95°C for 10  min, 40 
cycles of 95°C for 15 s and 60°C for 1 min. Expression 
data were normalized to β-actin mRNA expression. 
Primer sequences were listed: β-actin, forward primer 
5′-CTAAGGCCAACCGTGAAAAG-3′, reverse primer 
5′-TACATGGCTGGGGTGTTGA-3′; CXCL9, 5′-CCT 
AGTGATAAGGAATGCACGATG-3′, reverse primer 5′- 
CTAGGCAGGTTTGATCTCCGTTC-3′; CXCL10,  
forward primer 5′- ATCATCCCTGCGAGCCTATCC 
T-3′, reverse primer 5′- GACCTTTTTTGGCTAA 
ACGCTTTC-3′; CXCL11, forward primer 5′- CCGA 
GTAACGGCTGCGACAAAG-3′, reverse primer 5′- CCT 
GCATTATGAGGCGAGCTTG-3′.

Western blotting
Cultured cancer cells were isolated and lysed with RIPA 
lysis and extraction buffer, which were further sepa-
rated by 10% SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene fluoride 

Fig. 1

Oxaliplatin (OXA) exhibits better antitumor efficacy in wild-type mice bearing subcutaneous murine Lewis lung carcinoma (LLC). (a) Therapeutic 
efficacy of cisplatin (DDP), oxaliplatin (OXA) and carboplatin (CBP) in nude mice bearing human non–small cell lung cancer cell A549. A549 lung 
carcinoma model was established in nude mice, and mice were intravenously injected with DDP, OXA, CBP every 3 days for three times when 
tumor volumes reached 50 mm3, the injection dose was 3.0 mg/kg. (b) Therapeutic efficacy of DDP, OXA and CBP in C57BL/6 mice bearing 
murine Lewis lung carcinoma (LLC). Tumor-bearing mice were intravenously injected with DDP, OXA, CBP every 3 days for three times when 
tumor volumes reached 50 mm3; the injection dose was 3.0 mg/kg. Data are presents as mean ± SD. **P < 0.01.
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(PVDF) membranes. After blocking with 5% nonfat milk, 
the membranes were incubated with the primary antibod-
ies specific for CXCL9, CXCL10 and CXCL11 (Santa 
Cruz, 1:1000 dilution, 4°C overnight). The membranes 
were then incubated with peroxidase-conjugated second-
ary antibody (Sigma-Aldrich, St. Louis, Missouri, USA, 
1:1000 dilution, 2 h, at room temperature) and developed 
with an ECL system (GE Healthcare Life Sciences, 
Little Chalfont, Buckinghamshire, United Kingdom). 

The relative intensity of the interest bands was normal-
ized with β-actin intensity in the same sample with NIH-
Image J1.51p 22 (National Institutes of Health).

Statistical analysis
Differences of quantitative parameters between groups 
were assessed using t test, one-way or two-way ANOVA 
analysis with a post hoc test. The significance level 
was set as P value <0.05. All statistical analyses were 

Fig. 2

Oxaliplatin treatment efficiently promotes tumor-infiltration of T cells and natural-killer (NK) cells in C57BL/6 mice bearing LLC. Murine Lewis 
lung carcinoma (LLC) was established and treated as indicated above. (a) Representative flow cytometry images showed the abundance of 
CD45+CD11b+ myeloid cells in tumor tissues at the end of antitumor treatment. (b) Representative flow cytometry images showed the per-
centages of CD45+CD3+ T cells in tumor-infiltrating immune cells. (c) Representative flow cytometry images showed the percentages of 
CD45+NK1.1+ NK cells in tumor-infiltrating immune cells. (d) Statistic analysis of the percentages of myeloid cells in tumor tissues. (e) Statistic 
analysis of the percentages of T cells in tumor tissues. (f) Statistic analysis of the percentages of NK cells in tumor tissues. Data represent means 
± SD. n = 6 mice. **P < 0.01, ***P < 0.001.



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

120 Anti-Cancer Drugs 2022, Vol 33 No 2

performed using GraphPad Prism (GraphPad Software, 
Inc).

Results
Oxaliplatin exhibits better antitumor efficacy in 
immune-competent mice
DDP, OXA and CBP could inhibit the growth of A549 
cells in nude mice when compared with the vehicle 
control group, while the three platinum drugs did not 
show any difference in the inhibition of tumor growth 
(Fig. 1a). To our surprise, OXA showed a more effective 
antitumor growth effect than the other two platinum 
drugs in the LLC model (Fig. 1b, P < 0.01). When con-
sidering the immune-competent nature of LLC model, 
the treatment benefit may be attributed to the immune 
microenvironment.

Oxaliplatin treatment promotes tumor-infiltration of T 
cells and NK cells
Twenty-four hours after the end of the treatment, the 
proportion of myeloid cells (CD45+CD11b+) was signif-
icantly lower in the oxaliplatin treatment group than the 

other two platinum treatment groups (Fig. 2a,d). In con-
trast, the proportion of T cells (Fig. 2b,d) and NK cells 
(Fig. 2c,d) that played a role in tumor killing were signif-
icantly increased, indicating that oxaliplatin could effec-
tively regulate the tumor immune microenvironment in 
the LLC model.

Oxaliplatin treatment induces chemokines expression 
in tumor tissues
Cisplatin and carboplatin treatment did not alter the 
concentrations of CXCL9 (Fig.  3a), CXCL10 (Fig.  3b) 
and CXCL11 (Fig. 3c) in the LLC tumor tissues when 
compared with the vehicle control group. As expected, 
oxaliplatin treatment significantly increased the con-
centrations of CXCL9 (Fig. 3a), CXCL10 (Fig. 3b) and 
CXCL11 (Fig. 3c) in the LLC tumor tissues when com-
pared with the cisplatin and carboplatin monotherapy 
group. It was worth noting that CXCR3 (the receptor of 
CXCL9/10/11) was highly expressed on T cells (Fig. 3e) 
and NK cells (Fig.  3f), while there was no significant 
change in myeloid cells (Fig.  3d) after the administra-
tion of oxaliplatin in LLC model. All of these indicated 

Fig. 3

Oxaliplatin treatment induces the concentrations of chemokines in tumor tissues. Murine Lewis lung carcinoma (LLC) was established and 
treated as indicated above. Concentrations of chemokines including CXCL9 (a), CXCL10 (b), and CXCL11 (c) in the treated tumor tissues were 
examined using ELISA. The expressions of CXCR3 (the receptor of CXCL9/10/11) on myeloid cell (d), T cells (e), and NK cells (f) were examined 
using flow cytometry. Data represent means ± SD. n = 6 mice. **P < 0.01, ***P < 0.001.
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CXCL9/10/11-CXCR3 axis may contribute to the chem-
otaxis of T cells and NK cells.

The combination of oxaliplatin, anti-PD1 antibody and 
anti-NKG2D antibody exhibit remarkably antitumor 
effect
As our previous results showed that oxaliplatin treat-
ment could significantly increase the infiltration of T 
cells and NK cells in tumor tissue. We further tested 
whether the combination of oxaliplatin with anti-PD1 
and anti-NKG2D antibodies can achieve a better ther-
apeutic effect. The results showed that the combination 
of the three drugs could effectively inhibit the growth 
of LLC tumor (Fig. 4a) and prolong the survival time of 
tumor-bearing mice (Fig.  4b) with the downregulated 
concentration of TGF-β (Fig.  4c) and upregulation of 
IL-12p70 (Fig. 4d) and IFN-γ (Fig. 4e) when compared 
with oxaliplatin combined with anti-PD1 antibody or 
oxaliplatin combined with anti-NKG2D antibody group. 

All of these indicated that oxaliplatin synergized with 
anti-PD1 or anti-NKG2D therapy, concomitant adminis-
tration of oxaliplatin to anti-PD1 and anti-NKG2D anti-
body enhanced the antitumor efficacy of oxaliplatin and 
anti-PD1 or anti-NKG2D chemotherapy.

Oxaliplatin treatment induces chemokines expression 
in human lung cancer cells
Two types of human lung cancer cells A549 (Fig. 5a) and 
H460 (Fig.  5b) were treated with oxaliplatin (2.5  μM) 
for 48 h, and the relative mRNA and protein expressions 
of CXCL9, CXCL10 and CXCL11 were examined via 
RT-PCR and western blot, which indicated that oxalip-
latin-induced upregulated chemokines expression in 
tumor tissue might be attributed to tumor cells.

Discussion
The PD-1/PD-L1 signaling pathway is an essen-
tial component of tumor immunosuppression to 

Fig. 4

The combination of OXA, anti-PD1 antibody and anti-NKG2D antibody exhibit remarkably antitumor effect in the LLC model. The subcutaneous 
LLC tumors were established by injecting 1 × 105 LLC cells into the right flank of C57BL/6 mice, and the antitumor study started when tumor vol-
ume reached about 50 mm3. Mice were divided into five groups: control group, OXA group, OXA & aPD1, OXA & aNKG2D and the triple combi-
nations. OXA and antibodies were injected every 4 days three times, and the injection doses of OXA and antibodies were 3.0 mg/kg and 2.5 mg/
kg, respectively. (a) Tumor growth curve. (b) Survival curve of tumor-bearing mice. ELISA results of cytokines production in the tumors from mice 
receiving indicated treatments (c: TGF-β; d: IL12p70; e: IFN-γ). Data represent means ± SD. n = 6 mice, *P < 0.05, **P < 0.01, ***P < 0.001.
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inhibit T-cell activation and result in immune tol-
erance. Subcutaneous A549 and LLC models have 
been constructed in this investigation to mimics the 
tumor microenvironment in human malignancies. Our 
results indicate that the therapeutic effectiveness of 
platinum is determined not only by the malignant 
behavior of tumors but also by the immune microen-
vironment. Cisplatin and oxaliplatin are reported to 
induce similar immunogenic changes in head and 
neck cancer [15]. In our study, we find that oxalip-
latin has a better effect on promoting immunogenic 
change than cisplatin and carboplatin, which indicates 
that oxaliplatin may be the appropriate chemical to 
be utilized to induce immunogenic changes in lung 
cancer. Mechanistically, we demonstrate that oxalip-
latin induces multiple recruiting chemokines, such as 
CXCL9, CXCL10 and CXCL11 in the tumor microen-
vironment, to facilitate the recruitment of T cells and 
NK cells.

Lung tumor cells typically reside in the nonlymphoid 
tissues, where T cells may not traffic efficiently with-
out appropriate inflammatory signals. Oxaliplatin can 
activate tumor macrophages to express T-cell-recruiting 
chemokines to remodel the tumor microenvironment, 
resulting in improved chimeric antigen receptor (CAR) 
T-cell infiltration and increased sensitivity to anti-PD1/
anti-PD-L1 treatment [16,17]. Moreover, tumor cells can 
recruit myeloid cells to suppress T-cell activation, which 
could be diminished by the administration of oxalipla-
tin, as testified in our study. All of these indicate that, as 
immunogenic chemotherapy, oxaliplatin activates tumor 
macrophages to produce chemokines that facilitate the 
recruitment of T cells and NK cells to lung tumors and 
diminishes the enrichment of myeloid cells.

Although NK cells are less frequently detected, the 
increased proportion of intratumoral NK cells is associ-
ated with better survival [18–20]. Thus, anti-NKG2D 

Fig. 5

Oxaliplatin treatment induces the expressions of chemokines in human lung cancer cells. Two types of human lung cancer cells A549 (a) and 
H460 (b) were treated with OXA (2.5 μM) for 48 h, and then the expressions of CXCL9, CXCL10 and CXCL11 in mRNA and protein levels were 
examined via real-time PCR and western blot. Data represent means ± SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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antibody would be a plausible strategy to increase infil-
tration of NK cells to elicit NK cell-based antibody-de-
pendent cell-mediated cytotoxicity (ADCC) effect. 
However, the presence of NK cells may be controversial, 
as NK cells also have the ability to suppress CD8+ T-cell 
responses during chronic infections [21,22]. The pre-
cise mechanism mediated by the anti-NKG2D antibody 
should be deciphered in further study.

There are some limitation should be indicated here. The 
CXCL9, -10, -11/CXCR3 axis not only induces immune 
cell activation, differentiation and migration to suppress 
tumor through paracrine mechanism but also promotes 
tumor growth and metastasis through autocrine mecha-
nism [23,24]. A deep understanding of the CXCL9, -10, 
-11/CXCR3 axis and the treatment benefit of oxalipla-
tin is necessary. Pretreatment differences in immune cell 
composition in NSCLC are associated with survival and 
dependent on smoking status and histological subtype 
[25,26]. Thus, stratified human research is urgent to ver-
ify the observation in our research.

All in all, our investigation indicates that oxaliplatin can 
synergize with anti-PD1 or anti-NKG2D monotherapy, 
concomitant administration of oxaliplatin to anti-PD1 
and anti-NKG2D antibody enhance the antitumor effi-
cacy. Oxaliplatin administration could be considered 
as a strategy to improve inbound leukocyte traffic to 
tumors.

Conclusion
Oxaliplatin can be utilized in lung cancer to facilitate 
the infiltration of T cells and NK cells to enhance tumor 
immunotherapy.
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