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Abstract

Background: Lung cancer is the top common cancer and cause of cancer-related death worldwide.
Checkpoint blockade immunotherapies have shown extraordinarily anti-tumor effects, but only benefit
the minority of patients whose tumors are pre-infiltrated by CD8+ T cells. However, the majority of solid
tumors, including lung cancer are not immunogenic and CD8+ T cell infiltration is inconspicuous.
Purpose: We aimed to explore the potential favourable roles of chemotherapy in promoting immune
checkpoint blockade therapy in non-small cell lung cancer (NSCLC).
Method: We combined chemotherapy gemcitabine with immune checkpoint blockade therapy anti-PD-1
antibody in preclinical models of NSCLC. Survival analysis and potential mechanisms were also
analysed.
Result: We found that lung cancer lacks CD8+ T cell infiltration and resisted to anti-PD-1 antibody
when used alone. When combined with chemotherapy drug gemcitabine, more CD8+ T cell infiltration
was seen and effects of anti-PD-1 antibody were significantly enhanced. Animals in the combination
therapy group showed longer survival time than gemcitabine or anti-PD-1 antibody therapy groups.
Conclusion: In conclusion, our findings suggested that chemotherapy stimulated immunogenic potential
of NSCLC and synergized with immune checkpoint blockade therapy.
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Introduction
Lung cancer is the leading cause of cancer death among both
men and women in the United States [1,2]. It is also the top
reason for male and second reason for female cancer death
worldwide [1,2]. Non-small-cell lung carcinoma (NSCLC) is
any epithelial lung cancer other than small-cell lung carcinoma
(SCLC). NSCLC is the primary histological type which
accounts for about 85% of all lung cancers. As a class,
NSCLCs are relatively insensitive to chemotherapy, compared
to small cell carcinoma. Treatment for advanced NSCLC
remains an unmet need; little chemotherapeutic progress has
been made since the approval of docetaxel for second-line
treatment [3,4]. Target therapies, such as epidermal growth
factor receptor (EGFR) inhibitor have made mild progression
in advanced EGFR mutation-positive NSCLC treatment [5].
Therefore, novel treatments are highly needed to improve the
overall survival of NSCLC patients.

The functional immune system relies on coordinative work of
different immune cell types and regulatory molecules. Immune

checkpoints are molecules that either turn up a signal (co-
stimulatory molecules) or turn down a signal (inhibitory
molecules) in immune activity [6,7]. The inhibitory signals
play critical roles in maintaining self-tolerance, preventing
autoimmunity and protecting tissues from immune collateral
damage. Tumors are societies of tumor cells and surround
stromal cells, including fibroblasts and immune cells which
have critical roles in modulating tumor development [8-10]. In
tumor immunity, increased expression of inhibitory immune
checkpoints programmed death-1 (PD-1)/PD-ligand 1 (PD-L1)
and PD-L2 axis and cytotoxic lymphocyte antigen (CTLA-4)/
CD28 system depressed CD8+ T cell activity leading to tumor
progression and treatment failure [11,12]. Thus, refining T cell
immune response in tumor microenvironment could be a
potential way to control tumor growth and eliminate tumors.

So far, three checkpoint inhibitors have been actively explored
clinically, including antibodies (Abs) to CTLA-4, PD-1, and
the checkpoint ligand PD-L1 [13-15]. Administration of these
immune checkpoint blockades has resulted in more than three
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years extended survival time in around 20% advanced
melanoma patients [16,17]. What’s more, a combination of
conventional chemotherapies was considered as a synergistic
approach of immune checkpoint blockades in various tumors
[18]. However, whether the combination of chemotherapy and
immune checkpoint blockades can benefit NSCLC patients is
still unclear. Here, we conducted a preclinical test aimed to
evaluate the potential therapeutic effects of combining
chemotherapy with immune checkpoint blockades in NSCLC
models.

Materials and Methods

Cell culture
Two mouse lung cancer cell lines (KLN205 and CMT64) were
obtained from Sigma-Aldrich. Cell lines were cultured in
Waymouth's MB 752⁄1 medium with 2 mM Glutamine, 10%
Fetal Bovine Serum, and 1% Antibiotic-Antimycotic (Thermo
Fisher Scientific, IL, USA). Subculture was performed at 70%
confluent of each cell line.

Cell viability assay
Cell viability assay was conducted using CCK-8 kit (Thermo
Fisher Scientific, IL, USA) following the manufacturer’s
instructions. Specifically, tested cells (2.5 × 103/well) were
seeded in 96-well plates in 100 µl culture medium containing
gradient concentrations of paclitaxel, gemcitabine, or
carboplatin cultured for 48 h. Then 10 µl CCK-8 solution was
added to each well for incubation for 1 h at 37°C. After
incubation, absorbance was measured by microplate reader at
450 nm.

Enzyme-linked immunosorbent assay
Measurement of high mobility group box 1 (HMGB1), IFN-γ,
Granzyme B, and PD-L1 were conducted by enzyme-linked
immunosorbent assay (ELISA). The ELISA kit was purchased
from LSBio, Abcam (IFN-γ and Granzyme B), and Cell
Signaling Technology. All procedures followed the kit’s
instruction.

Figure 1. Chemotherapeutic drugs inhibited NSCLC cell survival in vitro and in vivo. A and B: chemotherapeutic drugs paclitaxel, carboplatin,
and gemcitabine treatment inhibited the viability of NSCLC cell lines KLN205 and CMT64 as the concentration increasing. C: The CMT64 cell
xenograft mouse model was treated with gradient concentrations of paclitaxel, carboplatin or gemcitabine, the survival time was obviously
extended compared to the control group which was treated with vehicle.

Flow cytometry
Flow cytometry analysis was used to classify CD8+ T cells,
regulatory T cells (Treg), and myeloid-derived suppressive
cells (MDSCs) in animal samples. Cells were isolated from
animal tissues and washed with PBS once. Then red blood cell
lysis buffer was used to remove red blood cells. Cells were
then washed with PBS once. Cell membrane staining (CD19,
CD3, CD4, CD8, and CD25) was performed directly at room
temperature for 15 min. After cell membrane staining, cells
were either washed with PBS twice for analysis or fixed by
fixation buffer for 30 min at room temperature. After fixation,

cells were permeabilized for 15 min at room temperature and
stained with FOXP3 for 20 min at room temperature. Finally,
cells were washed with PBS twice. CD8+ T cells were gated as
CD19-, CD3+, CD4-, and CD8+ cells. Treg cells were gated as
CD19-, CD3+, CD4+, CD8-, CD25+ and FOXP3+ cells. For
MDSCs, CD11b and Gr-1 were stained following cell
membrane staining procedure as mentioned above.

Immunofluorescence
Standard Immunofluorescence was conducted to detect CD3
expression in tissues from mouse studies. FFPE tissue sections
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were firstly deparaffinized by incubating with xylene using
three changes for 5 minutes each. Rehydration was then
performed in gradient ethanol for 5min each. Heat-induced
antigen retrieval was conducted in citric acid buffer (PH=6.0)
at 100°C for 15 min. After washed with PBST once, 5% BSA
solution was used for incubation. Primary antibody (1:100)
was then added and incubated overnight at 4°C. The next day,
slides were washed in PBST three times and the secondary
antibody conjugated with FITC dye was incubated 1h at room
temperature. Finally, DAPI staining was performed right
before covering with a cover slide.

Figure 2. Chemotherapeutic drugs promoted immunogenic marker
releasing in NSCLC tumor cells. A and B: NSCLC cell lines KLN205
and CMT64 were treated by different chemotherapeutic drugs
(carboplatin, paclitaxel, or gemcitabine) for 24 h. Immunogenic
marker, HMGB1, was increased obviously in these treated group
compared to the control group. Statistical significance was detected
in gemcitabine-treated group but not in carboplatin or paclitaxel-
treated groups.

Animal study
All animal studies were approved by the Experimental Animal
Committee of the Dongguan Third People’s Hospital,
Guangdong, China. Lung cancer syngeneic mouse model was
established using C57BL/6J immune component mice (7-week
old, 22-24 g, Shanghai SLAC Laboratory Animal Center of
Chinese Academy of Sciences, China). The C57BL/6J derived
lung cancer cell line CMT64 cells (106) were inoculated to the
back of each mouse. After tumor development, mice were
randomly distributed into each experimental group (n=10 in
each group). Tumor growth was checked and recorded every
week. Tumor volume was calculated based on length and
width: width2 × length × π/6. Excessive ascites, more than
20% body weight loss and other signs of distress will be

considered as the end point. Survival of each mouse was
recorded for survival analysis.

Figure 3. T cell infiltration of the tumor tissue of CMT64 cell line
xenograft mouse was increased by chemotherapeutic treatment.
Tumor tissues collected from CMT64 xenograft mouse were stained
using CD3 primary antibody to label T cells. The green fluorescence
indicates the CD3+ T cells. A, B, C, D: the representative pictures
showing CD3+ T cell staining in NSCLC tumor tissue of xenograft
mice treated with vehicle, carboplatin, paclitaxel, and gemcitabine,
respectively. E: the quantitative result of the CD3 expression in the
tumor tissue of NSCLC xenograft mice. The CD3 expression was
obviously increased, and the significant difference was detected in
gemcitabine-treated group compared with the control group.

Figure 4. Anti-PD-1 treatment combining chemotherapeutic drug
inhibited the tumor growth and extended the survival time of NSCLC
xenograft mouse model. A: Tumor volume growth was inhibited in the
NSCLC xenograft mouse model treated with carboplatin+anti-PD-1,
paclitaxel + anti-PD-1 or gemcitabine+anti-PD-1 compared with
anti-PD-1 treated group or the control group. B: The survival curve
of NSCLC xenograft mouse model. The survival time of mouse treated
with carboplatin+anti-PD-1, paclitaxel + anti-PD-1 or gemcitabine
+anti-PD-1 was extended compared to the control group or anti-
PD-1 treated group.

Statistical analysis
The software used for statistical analysis in this was Graph Pad
(CA, USA). One-way ANOVA, t-test, chi-square analysis and
Bonferroni’s pairwise comparisons were used to analyze the
difference between individual groups. Kaplan-Meier survival
analysis was used to plot the survival curves of tumor-burden
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mice with different treatments. Two-tailed P<0.05 was
considered as statistically significant.

Results

Chemotherapeutic drugs paclitaxel, carboplatin, and
gemcitabine are effective on NSCLC models
Before investigating the-synergistic role of chemotherapeutic
drugs paclitaxel, carboplatin, and gemcitabine to
immunotherapy, we first determined their effects in NSCLC
models. Two mice-derived NSCLC cell lines (KLN205 and
CMT64) were used as target cells. Our ex vivo data showed
that all of the three chemotherapeutic drugs can effectively
eliminate tumor cells (Figures 1A and 1B). Then we used
NSCLC xenograft model to test their in-vivo effects. Compare
with saline group, both three drugs (paclitaxel 60 mg/kg b.w.,
carboplatin 80 mg/kg b.w., and gemcitabine 120 mg/kg b.w.)

prolonged survival time of tumor challenging mice (Figure
1C). However, in the xenograft model, no significant
difference between three treatments was seen. Taken together,
our data indicated that chemotherapeutic drugs paclitaxel,
carboplatin, and gemcitabine have similar effects on NSCLC
models when used as monotherapy.

Gemcitabine stimulates tumor immunogenicity of
lung cancer cells
We further investigated the potential of combining these
chemotherapeutic drugs with immune checkpoint blockades.
The release of HMGB1 was considered as a marker of immune
related cell death. By measuring HMGB1 releasing after each
drug treatment, we found that gemcitabine was more effective
in inducing HMBG1 release than paclitaxel and carboplatin in
both two cell lines (Figures 2A and 2B). These data indicated
that gemcitabine may enhance immunogenicity of a tumor.

Figure 5. Anti-PD-1 treatment combining gemcitabine promoted antitumor immunity in vivo. A, B, C, and D: CD8+ T cell and Treg cell ratio in
different tissues of CMT64 xenograft mouse model treated with anti-PD-1 or anti-PD-1 + gemcitabine: tumor tissue, lymph node, spleen and bone
marrow, respectively. Obviously, increased ratio was detected in tumor tissue and lymph node tissue. E: MDSCs was decreased in the tumor tissue
of anti-PD-1 + gemcitabine-treated mice compared to the control group. F: PD-L1 level was decreased and IFN-γ and Granzyme B levels were
increased in the tumor tissue of CMT64 xenograft mouse model.
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Gemcitabine increases T cell infiltration in lung
cancer model
A certain amount of T cell infiltration is the foundation of
successful immune checkpoint blockades therapy. We
measured T cell infiltration in tumor sections after paclitaxel,
carboplatin, and gemcitabine treatments by staining of CD3.
We found that small amount of CD3+ cells can be seen in
vehicle-treated CMT64 tumors, however much more can be
seen in gemcitabine-treated tumors (Figure 3). Other two drugs
paclitaxel and carboplatin slight increased CD3+ cell
infiltration but didn’t get statistical significance (Figure 3).

Gemcitabine enhances efficacy of anti-PD-1 in lung
cancer model
Upon understanding the tumor immunogenic and T cell
infiltration roles of different chemotherapeutic drugs, we
further combined these chemotherapeutic drugs with immune
checkpoint blockade anti-PD-1. In vivo data indicated that anti-
PD-1 monotherapy didn’t significantly delay tumor growth nor
prolong mice survival. However, when combined with
chemotherapeutic drugs, especially gemcitabine, the tumor
grew much slower, and mice got an obvious longer survival
(Figure 4).

Gemcitabine synergizes with anti-PD-1 via enhancing
anti-tumor immune mechanisms
Mechanistically, we investigated the role of gemcitabine on
immune inhibitory factors in anti-tumor immune process. We
found that one of the primary the anti-tumor immunity
inhibitory cell type; regulatory T cells were suppressed by
gemcitabine. The ratio of CD8+ T cells versus Treg increased
dramatically in tumor tissue and tumor draining lymph nodes
(Figures 5A-5D). MDSC is another major cell type that inhibits
T cell function. Our data indicated that administration of
gemcitabine also depleted MDSCs in tumor tissue (Figure 5E).
Cytokines that regulate T cell anti-tumor responses also
changed by gemcitabine (Figure 5F). Gemcitabine treatment
decreased PD-L1 but increased IFN-γ in tumor tissue (Figure
5F).

Discussion
Lung cancer is the top reason for male and second reason for
female cancer-caused death worldwide [1,2]. Current
treatments including surgery, radiotherapy, chemotherapy and
targeted therapy prolonged survival of advanced NSCLC
patients, but none of them showed curative effects [19].
Different from these traditional therapies which mainly
targeted on malignant cells, immunotherapies eliminate tumor
cells via motivating anti-tumor immune responses. Because the
nature of immune therapies, they showed a long-time curative
effect in advanced melanomas that are relative sensitive [17].
However, the proportion of immunotherapy sensitive solid
tumor patients, such as NSCLC is small [20]. Therefore
breaking intrinsic resistance is critical to improving
immunotherapies in cancers [7]. Here, we showed that

combining chemotherapeutic drugs, especially gemcitabine
enhanced response to immune checkpoint blockades in
NSCLC.

We started with proving the effects of commonly used
chemotherapeutic drugs paclitaxel, carboplatin, and
gemcitabine on NSCLC models. Then the immunogenicity
inducing roles of these drugs were tested in KLN205 and
CMT64 cell lines. HMGB1 releasing is a surrogate marker of
immune cell death. Among all three treatments, gemcitabine
treatment showed highest HMGB1 releasing, indicating the
potential of combining gemcitabine with immunotherapies.
Previous studies have shown that chemotherapy is a potent
inducer of immune cell infiltration in tumor tissue [21]. Pre-
treatment or during treatment, T cell infiltration is a critical
foundation of immune checkpoint blockades [6,13]. Therefore,
the T cell infiltration inducing roles of each drug was then
determined. We found that although all drugs showed certain
effects on enhancing T cell infiltration in tumor tissues,
gemcitabine is strongest. Based on these data, we further
hypothesized that using gemcitabine in combination with
immune checkpoint blockades, such as anti-PD-1 will show
significant synergistic effects in NSCLC models. Indeed, our
preclinical data proved that when gemcitabine was combined,
anti-tumor efficacy of anti-PD-1 treatment was enhanced
dramatically.

To dissect the mechanisms by which gemcitabine sensitizes
NSCLC xenograft tumors to anti-PD-1 treatment, we analyzed
factors that regulate anti-tumor immunity. Treg cells were
usually immune suppressive and dampened CD8+ T cells
mediated anti-tumor immunity [22,23]. The ratio of CD8+ T
cells versus Treg cells can represent the anti-tumor potency of
the immune system. We found that in tumor tissue and tumor
draining lymph nodes, the CD8+ T cell versus Treg ratio
increased by gemcitabine and anti-PD-1 combinational
treatment. These data were consistent with previous studies
that indicated gemcitabine could inhibit Treg cells function
[24,25]. MDSCs are another cell population that inhibits the
anti-tumor activity of CD8+ T cells. It was shown that
gemcitabine depleted MDSCs in tumors [26]. In line with these
findings, our data also indicated that the number of MDSCs
decreased after gemcitabine and anti-PD-1 treatment. Besides
the changes in the cellular component, a T cell function
boosting cytokine phenotype was seen after and anti-PD-1
treatment. The change of cytokines may be generated by
depletion of inhibitory immune cells. Taken together, our data
support that gemcitabine sensitizes NSCLC to anti-PD-1
therapy via dampening immune inhibitory factors in tumors.

Combinational therapies have been proposed as promising
strategies to overcome the intrinsic resistance of immune
checkpoint blockades in cancers [7]. In summary, we found
that in NSCLC which was considered as insensitive to immune
checkpoint blockades, combining chemotherapeutic drugs,
such as gemcitabine will enhance response to anti-PD-1
treatment. In further steps, more preclinical and clinical studies
are highly needed to evaluate the efficacy of chemotherapy and
immune checkpoint blockades combination in NSCLC.
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