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Tumor-infiltrating CD36"CD8'T @
cells determine exhausted tumor
microenvironment and correlate with inferior
response to chemotherapy in non-small cell

lung cancer
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Jian-Yong Ding"?" and Jia-Hao Jiang"?

Abstract

Background The scavenger receptor CD36 was reported to be highly expressed on tumor-infiltrating CD8* T cells,
but the clinical role remains obscure. This study aims to explore the infiltration and clinical value of CD36*CD8* T cells
in NSCLC.

Methods Immunohistochemistry and immunofluorescence were conducted for survival analyses and
immunological evaluation in 232 NSCLC patients in Zhongshan Hospital. Flow cytometry analyses were carried out to
assess the immune cells from fresh tumor samples, non-tumor tissues and peripheral blood. In vitro tumor infiltrating
lymphocytes cultures were conducted to test the effect of CD36 blockage.

Results Accumulation of CD36"CD8" T cells in tumor tissues was correlated with more advanced stage (p <0.001),
larger tumor size (p<0.01), and lymph node metastasis (p < 0.0001) in NSCLC. Moreover, high infiltration of
CD36*CD8* T cells indicated poor prognosis in terms of both overall survival (OS) and recurrence-free survival (RFS)
and inferior chemotherapy response. CD36*CD8* T cells showed decreased GZMB (p <0.0001) and IFN-y (p < 0.001)
with elevated PD-1 (p <0.0001) and TIGIT (p <0.0001). Analysis of tumor-infiltrating immune cell landscape revealed a
positive correlation between CD367CD8* T cells and Tregs (p < 0.01) and M2-polarized macrophages (p<0.01) but a
negative correlation with Th1 (p <0.05). Notably, inhibition of CD36 partially restored the cytotoxic function of CD8* T
cells by producing more GZMB and IFN-y.
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Conclusion CD36%CD8" T cells exhibit impaired immune function and high infiltration of CD36*CD8* T cells
indicated poor prognosis and inferior chemotherapy response in NSCLC patients. CD36 could be a therapeutic target

in combination with chemotherapy in NSCLC patients.
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Background

Non-small cell lung cancer is the primary cause of can-
cer-related death worldwide [1]. Early-stage or localized
NSCLC is treatable with surgical interventions, with
favorable 5-year overall survival in most postoperative
patients [2]. Nevertheless, patients with lymph node
metastasis or at advanced stage have poor prognosis [3].
According to the National Comprehensive Cancer Net-
work guidelines, platinum-based postoperative chemo-
therapy is currently the first-line treatment for operable
patients [4]. However, over 70% of patients relapse and
expire, mainly because of impaired anti-tumor immune
response and tumor metastatic progression [5]. To reveal
the potential correlation between immunosuppression
with inferior response to chemotherapy in NSCLC, many
studies shifted the focus from NSCLC cells to the sur-
rounding microenvironment through single cell sequenc-
ing. Researchers have demonstrated that CD8" T cells
are enriched in the TME of NSCLC, but its correlation
with clinical prognosis and chemotherapy response is
still understudied [6]. Moreover, a suppressed immune
microenvironment in advanced NSCLC were also
reported [7]. The reversion of CD8" T cells which were
suppressed by specific exhausted markers or tumor cells
is now an urgent issue to be addressed and has promising
prospects for NSCLC treatment.

CD8" T cells can be transformed from the initial effec-
tor state to the dysfunctional state with two features:
decreased cytotoxic cytokines and sustained expression
of multiple inhibitory receptors, which co-determine
the exhaustion of CD8" T cell in the TME. CD36, a scav-
enger receptor expressed in multiple cell types in TME
[8], especially effector T cells, Tregs, dendritic cells and
myeloid cells, has been demonstrated to be involved in
regulating anti-tumor immune response through differ-
ent mechanisms [9]. CD8" T cells, which play a major
role in anti-tumor immunity, have been confirmed to
express CD36 via single cell sequencing [10]. The mecha-
nisms by which CD36 affects the immune function of
CD8" T cells have been partially demonstrated, including
ferroptosis and dysfunction caused by lipid peroxidation
[8, 10, 11]. In summary, the clarified role of CD36" CD8*
T cells may be the key to predict the response to targeted
therapy and prognosis of tumor patients.

However, the function of CD36" CD8" T cells in TME
has not been fully demonstrated. To our knowledge, no
study has focused on the correlation of CD36*CD8" T
cells with the prognosis and response to chemotherapy

in NSCLC patients. In this study, flow cytometry and
immunofluorescence were used to demonstrate the
high expression of CD36 on CD8" T cells, indicating
exhausted immune function, with a correlation to worse
clinical characteristics, worse prognosis, and inferior
chemotherapy response in NSCLC patients. Consider-
ing this, CD36-inhibitor (Sulfosuccinimidyl oleate (SSO),
MCE, Shanghai, China) was used and the restored func-
tion of CD8" T cells was observed. Figure 1 summa-
rizes the methodology and experimental overview of
this research. Our results suggested that CD36 could be
a potential immune checkpoint to recover the immune
response against tumor, and CD36 blockage combined
with chemotherapy would improve the survival of
NSCLC patients.

Materials and methods

Patients and clinical database

This study was approved by the Research Ethics Com-
mittees of Zhongshan Hospital, Fudan university, Shang-
hai, China. A total of 232 NSCLC patients (age range
32-78 years, median 57 years) with localized NSCLC
who accepted surgical treatment at the Department of
Thoracic Surgery, Zhongshan Hospital, Fudan University
were enrolled in this study. All patients were followed up
every 6 months, and the last follow-up was on Septem-
ber 20th, 2021. Patients at or over TNM stage IIA have
received postoperative adjuvant chemotherapy. Patient
inclusion criteria include: informed consent; NSCLC
with surgery and confirmed pathological result; no his-
tory of other malignancies. Exclusion criteria include:
lack of tissue sample; necrosis area greater than 80% in
tumor; preoperative systemic therapy including neoad-
juvant chemotherapy. Patients and their families were
fully informed before the operation that the surgical
samples would only be used for scientific research and
the operation would not be affected. Clinicopathological
characteristics of NSCLC patients are exhibited in Sup-
plementary Table 1.

The baseline demographic and clinical data includ-
ing chemotherapy and survival information were col-
lected retrospectively from electronic medical records
and follow-up. Tumor stage and lymph node metastasis
were resigned based on the 8th AJCC TNM classification
for NSCLC postoperatively. Tumor sizes were diagnosed
based on radiographic evidence and postoperative patho-
logical results. Disease progression was defined according
to the RECIST1.1 criteria. All pathological results were
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Fig. 1 Methodology and experimental overview. (A) We firstly found a significant higher proportion of CD36"CD8" T cells in tumors compared with
nontumor tissues and PBMCs via flowcytometry in 11 NSCLC patients. Then dual IF was conducted in tissue microarray and revealed that CD367CD8*
T cells infiltration correlated with worse patients’ clinicopathological characteristics and prognosis. (B) Based on these findings, we further explored the
mechanisms how CD36 was involved in affecting CD8* T cells function and reshaped TME of NSCLC. In addition, the effects of CD36*CD8" T cells on
chemotherapy and the feasibility of blocking CD36 to restore the function of CD8* T cells were further explored

reviewed by two experienced pathologists independently,
and a third pathologist will give the final diagnosis upon
any controversy between the previous observers. Patho-
logical results including histological type, differentiation,
tumor size, invasion, lymph node metastasis, epidermal
growth factor receptor (EGFR) gene mutation status and
programmed cell death ligand 1 (PD-L1) expression were
analyzed. In order to accurately explore the infiltration of
immune cells in the tumor microenvironment, a total of
53 fresh NSCLC tissue samples were randomly selected
during the operation for further analysis by flow cytom-
etry. Clinicopathological characteristics of the sampled
patients are exhibited in Supplementary Table 2.

Immunofluorescence (IF) and immunohistochemistry (IHC)
assay

To confirm the co-expression of CD36 and CDS8 on
tumor infiltrating T lymphocytes, dual immunofluores-
cence was performed first, and the infiltration of other
immune cells was explored by immunohistochemistry
later. Tissue microarray construction and the IHC pro-
tocol have been described previously [12]. The details of
the antibodies used in IHC assay are provided in Supple-
mentary Table 3. IHC sections were scanned by Olympus
CDD camera, Nikon eclipse Ti-S microscope (200xmag-
nification) and NIS-Elements F3.2 software. Two experi-
enced pathologists, blinded to the follow-up information,
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counted the number of positive staining cells at 200x
magnification, and the average number was used as the
final data. For IF staining, the slides were incubated
with specific antibodies at 4 °C overnight. Then, samples
were incubated with species-appropriate rabbit/mouse
secondary antibodies coupled to Alexa Fluor dyes (488
(ab185033),594 (ab203419)) for 1 h at room temperature.
DAPI (ab285390) containing anti-fluorescence quench-
ing was used to mount cover slips, and the sections were
analyzed through Leica DMi8 microsystems.

Flow cytometry

The details of flow cytometry have been described pre-
viously [13]. A total of 53 resected fresh specimen from
NSCLC patients were randomly collected for flow cytom-
etry analyses. The first 11 specimen and corresponding
non-tumor tissues and peripheral blood were used to
explore distribution differences of CD36'CD8" T cells
among tumors, non-tumor tissues and peripheral blood.
Another 28 specimen were used to analyze the immune
function of CD36"CD8" T cells and the last 14 speci-
men were used to examine the effect of CD36 inhibition.
Peripheral blood mononuclear cells (PBMCs) were iso-
lated from heparinized venous blood by lysing solution
(BD Biosciences). Fresh tumor and non-tumor tissues
(at least 2 cm away from the tumor site) were minced,
ground and digested with collagenase IV in tissue sus-
pension preparation. After that, 70 um cell strainers were
used to filter and collect single cell suspensions. Then,
PBMCs and single cells were stained with appropriate
monoclonal antibodies for 30 min at 4 °C. Intracellular
cytokines were stimulated with phorbol myristate acetate
(PMA, 10 ng ml™}, Sigma) and ionomycin (0.5 pug ml™},
Sigma) for 4 h at 37 °C in RPMI-1640 medium contain-
ing 10% FBS, and 5 pg ml~! brefeldin A (BFA, Sigma) was
added 2 h before the end of stimulation. Stimulated cells
were collected and blocked with Fc-blocker and 10% fetal
serum for 5 min on ice, followed by staining with surface-
marker antibodies for 30 min on ice. Cell suspensions
were then washed with PBS, fixed with 3.7% paraformal-
dehyde (15 min, room temperature), and permeabilized
with 0.2% saponin (15 min on ice). Cell suspensions were
lastly stained with specific fluorochrome-labeled anti-
bodies for 30 min at 4 °C. The antibodies used and the
gating strategy are provided in Supplementary Tables 4
and Supplementary Fig. 1, respectively. Flow cytome-
try was performed with a BD FACS Fortessa (Beckman
Coulter, Brea, California, USA), and cells were analyzed
using FlowJo software V.10 (Treestar, San Carlos, Califor-
nia, USA).

In vitro CD36 inhibition assay
Fresh NSCLC tissue was washed twice with RPMI-
1640 medium containing 10% fetal bovine serum before
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being minced. The specimens were stored in RPMI-1640
medium containing 1 mg/ml collagenase IV and incu-
bated at 37 °C for 3 h with continuous rotation, and the
cell suspension was later filtered through a 70 um cell
strainer (BD Biosciences). The collected cells were cul-
tured in RPMI-1640 containing 10% fetal bovine serum
and 300ul/ml IL-2 (in plates coated with 10ug/ml CD3
antibody and CD28 antibody), and SSO (50 uM/L) or
vehicle (DMSO) were added respectively. After 24 h cul-
ture at 37 °C and 5% CO, overnight, cells were collected
and analyzed by flow cytometry as above.

Statistical analysis

Categorical variables were compared by Chi-square test
and Fisher’s exact test to assess the correlations between
CD36 expression and patient characteristics. Continuous
variables were compared by parametric (Student’s t test,
paired t test and Pearson’s test) or nonparametric (Mann—
Whitney U test and Spearman’s test) tests for correla-
tion analysis and evaluation on differences in mean+SD.
Kaplan—-Meier method and log-rank test were used to
demonstrate survival curves between different groups.
Overall survival (OS) and recurrence-free survival (RFS)
were calculated from the date of surgery to time of death
or recurrence, respectively. COX multivariable regression
analysis was used to explore factors affecting OS and RFS
rate with R package survival. We used the average (ratio
of CD36"CD8*/CDS8" T cells=0.322) as the cut-off in the
definition of CD36"CD8" high and low group. All analy-
ses were two-tailed and performed at a significance level
of 5% (p<0.05) using SPSS version 21.0 (For Windows;
Chicago, IL, USA), RStudio V.3.5.5 (Boston, Massachu-
setts, USA) with additional Bioconductor packages and
GraphPad Prism V.7.0 (La Jolla, California, USA).

Results

The relationship of CD36"CD8T cells level and clinical
characteristics of NSCLC

We examined the number of CD36"CD8" T cells in
tumors, non-tumor tissues and PBMCs taken from 11
NSCLC patients. Compared with PBMCs and non-
tumor tissues, the infiltration of CD36"CD8" T cells
was higher in tumor (p<0.0001, Fig. 2A and B). To fur-
ther confirm this finding, we stained fixed sections
and tumor micro-array (TMA) for CD8 and CD36 by
immunofluorescence in NSCLC patients, and more
CD36"CD8" T cells in tumors were found compared with
non-tumor tissues (p<0.0001, Fig. 2C-E). In addition, we
noticed that the expression of CD36 in CD8" T cells was
higher than tumor cells (Fig. 2C and D). Notably, a sig-
nificant increase in both the number and proportion of
CD36"CD8" T cells in patients with more advanced stage
(p<0.001), larger tumor size (p<0.01), and lymph node
metastasis (p<0.0001) was observed, but the number
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Fig.2 Accumulation of CD36%CD8" T cells in NSCLC is correlated with disease progression. A, B. The representative flow cytometry and statistics analysis
of CD36 expression on CD8* T cells in matched PBMCs, non-tumor tissues and tumor from patients with NSCLC (n=11, ****p <0.0001 by paired t test).
C. Representative images of the immunofluorescence staining with DAPI (blue), CD36 (green), CD8 (red), and merge (double positive) on NSCLC tissues.
Scans were imaged at 200 magnifications. D, E. The proportion of CD36"CD8" T cells is higher in tumor than that in non-tumor tissues (****p <0.0001
by Student’s t test). F, G. The number and proportion of CD36"CD8" T cells was elevated in patients with larger tumor size (**p <0.01), lymph node
metastasis (***p <0.0001) and advanced TNM stage (***p <0.001). However, in patients with or without EGFR mutation, the number and proportion of
CD36"CD8* T cells was not statistically different (Chi square test and paired t test, respectively). B=blood, N=non-tumor, T=tumor

and proportion of CD36"CD8" T cells in patents with  Accumulation of CD36*CD8T cells in NSCLC predicted

or without EGFR mutation had no significant difference  poor prognosis

(Fig. 2F and G). The Kaplan—Meier curve showed that there was no sig-
nificant difference in OS (p=0.183) and RFS (p=0.377)
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between patients with high and low CD8" T cells
(Fig. 3A and D). However, we found that accumulation
of CD36'CD8'T cells was correlated with worse prog-
nosis in terms of both OS (p<0.001) and RFS (p<0.001,
Fig. 3B and E). Thus, we further analyzed the impact of
CD36'CD8'T cells on the survival of NSCLC patients

Figure 3
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with high or low CD8'T cell infiltration. It turned out
that in patients with high CD8'T cells infiltration,
the subgroup with higher proportion of CD36'CD8*
cells reported worse OS compared to those that with
lower proportion (p<0.001, Fig. 3C), and similar trend
was shown in the RFS comparison (p<0.001, Fig. 3F).
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Fig. 3 Infiltration of CD36CD8™ T cells predict poor prognosis. Kaplan-Meier curve of overall survival (OS) and recurrence-free survival (RFS) of 232
NSCLC patients according to the CD8* T cells counts (A, D), proportion of CD367CD8* cells (B, E) and the combination of both markers (C, F). Log-rank
tests were used to derive p values for comparisons between groups. G, H. Multivariate Cox analysis identified independent prognostic factors for OS and

RFS in NSCLC patients. HR, hazard radio; Cl, confidence interval
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Multivariable analysis showed that besides tumor size
and tumor invasion, the ratio of CD36*CD8"'T cells was
also an independent risk factor for OS (p=0.005, Fig. 3G)
and RES (p<0.000, Fig. 3H).

Infiltration of CD36*CD8* T cells is associated with
decreased cytotoxic cytokine production

Next, we explored the immune function of CD36*CD8"
T cells in 28 fresh NSCLC tissues by flow cytometry. The
proportion of GZMB"* T cells (p<0.0001) and IFN-y* T
cells (p<0.001) was reduced in the CD36'CD8" T cells
subgroup (Fig. 4A, B, D and E). Moreover, our measure-
ment showed that CD36"CD8" T cells infiltration was
negatively correlated with GZMB" CD8" T cell (R =
-0.6340, p=0.0003) and IFN-y*CD8"* T cells (R=-0.5483,
p=0.0025) (Fig. 4G H). Although we observed no differ-
ence of TGF-B expression between CD36'CD8" T cells
and CD36°CD8" T cells (Fig. 4C F and 41), these findings
indicated that the cytotoxic function of CD36*CD8" T
cells were impaired in the TME of NSCLC.
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Increased immune checkpoint expression is correlated
with infiltration of CD367CD8* T cells

Except for cytotoxic function mediated by pro-inflamma-
tory cytokines, the immune checkpoints including PD-1,
TIM-3 and TIGIT expressed on CD36'CD8" T cells were
also analyzed. Compared with CD36-negative CD8"
T cells, CD36-positive CD8" T cells expressed higher
level of PD-1 (p<0.0001) and TIGIT (p<0.0001, Fig. 5A
and D C, 5 F). In addition, we observed a positive cor-
relation between infiltration of CD36"CD8" T cells and
both PD-1 (R=0.6711, p<0.0001) and TIGIT expression
(R=0.5771, p=0.0013, Fig. 5G and I), indicating up-reg-
ulated immune checkpoint expression and compromised
immune function of CD36'CD8" T cells. However, the
expression of Tim3 between CD36'CD8" T cells and
CD367CD8" T cells had no statistical difference (Fig. 5B
and E H).

Infiltration of CD36*CD8* T cells is accompanied by Tregs
and M2 in the TME

CD8" T cells are often regulated by other immune cells,
so we further explored the correlation between the infil-
tration of CD36"CD8" T cells and the entire immune
landscape in NSCLC. A total of 9 types of immune cells

Gated on CD45'CD3*CD8"T cells
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Fig. 4 The function of CD36*CD8" T cells are impaired. A-C. Representative flow cytometry plots for GZMB, IFN-y and TGF-3 in CD36-positive and CD36-
negative CD8* T cells with quantification below of 28 patients (D-F). G-I. Correlation assessed by Pearson’s correlation analysis and linear regression
analysis between proportion of CD36*CD8* T cells and the frequencies of three effector markers in NSCLC patients based on the results of flow cytometry.

*p<0.05; ***p <0.001; ****p < 0.0001 by paired t test



Ao et al. BMC Cancer

(2023) 23:367

Gated on CD45"CD3*CD8T cells

Page 8 of 13

A st Q2 B Y Q2 C s a1 Q2
10 - 103
3431 16.9 3675 563 4.89 18.3
‘04j 10415 ® 104'_5
] e ]
y 2 E 9,
E 0’3 E 10° E 0%
E 3 3 / N
0 d ¥ o4 i.(\i@)ﬁ
Ja3 Q4 Een Q3 Ja4 Q3
1035752 3.56 1038727 149 10°5746 2.21
WEIRAR) . LRI T T TR L | Ty LAAAARE . AARLAA | Ty Ty
203‘ o 1105 a0 o 10° 10 10° 10° 0 10° 10* 0°
CD36
RN ns % %k k %
D 30+ E 15— F 30
$ . > 3
< o® X s s
% & . + o
[o] _ ° + (]
020 soee @104 & 8 20 %0
Q v %) o PN
%o L34 B & S e bt .
8 ..' 00;. 8 O.f ::':c 8 ... .:Eo
> 104 e® b ¢ +0 5- % 30 P 10+ o:’
pry . () L) = o .g...
£ I E : o oo W
. = = S
o + i 0- 0o—TT—
CD36" CD36 cD36' CD36 CD36" CD36°
40 n=28 _n=28 404 . _

G R=0.6711 oo, H 2 I n=28 3 N
S <0.0001 = R=0-1295 & R=0.5771 e o
= 304 P E . |p05114 o + 30 p=0.0013
Y ® oo g0 i 12 . & " a r
) o ™ 8 _’._.":_L__.L_ 3]

‘g 20 ° ‘; 104 . o O.... *S 20
o ° ° 3 ° S 3]
S 104 e % 5 Eoaod o .
a E 0]
B = -
0 T T T 1 0 T T T 1 0 T T T 1
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

CD36*CD8*/CD8* T cells (%)

Fig. 5 CD367CD8" T cells exhibit immunosuppressive state. A, C. The expression of PD-1 and TIGIT are increased on the CD36-positive CD8* T cells ()
compared with CD36-negative CD8* T cells by paired t test (D, F) and correlation analysis (G, 1) (n=28) while no significant difference of Tim3 expression

between CD36"CD8" T cells and CD36°CD8™ T cells was observed (B, E, H). *p < 0.05; ****p < 0.0001 by paired t test

were employed to define the immune landscape, and
high infiltration of CD36'CD8" T cells was found to be
accompanied by more immunosuppressive cells includ-
ing Tregs (p<0.01) and M2 (p<0.01, Fig. 6A-D). More-
over, a decrease of Th1 cells in higher CD36"CD8" T cells
infiltration group (p<0.05) was also observed. As for
other immune cells, no significant difference was found
between high and low CD36"CD8" T cells groups. Cor-
relation analysis was performed subsequently, and results
showed that higher proportion of CD36°CD8" T cells
was associated with more Treg (R=0.4062, p<0.001) and
M2 (R=0.4847, p<0.001) infiltration, but not Thl infil-
tration (R=-0.1643, p=0.004, Fig. 6E).

High proportion of CD36"CD8T cells correlated with
inferior response to chemotherapy

The infiltration of CD36'CD8" T cells was positively
correlated with TNM stage of NSCLC patients (Fig. 2F
and G). Considering that patients with advanced TNM
stage (IIA-IIIA) usually receive adjuvant chemotherapy
after surgery in clinical practice, OS and RES of patients
receiving postoperative chemotherapy, under the con-
dition of both high and low CD36"CD8'T infiltration,
were also analyzed. The Kaplan—Meier curve showed
that accumulation of CD36'CD8'T cells was correlated
with worse prognosis in terms of both OS (p=0.005) and
RES (p=0.000) in stage IIIA, and RFS (p=0.004) in stage
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IIB (Fig. 7C and E F), while no significant difference of
both OS and REFS was observed in patients at stage IIA
and OS in patients at stage IIB (Fig. 7A, B and D). These
data showed that proportion of CD36"CD8" T cells may
negatively affect survival prognosis of NSCLC patients
administered with postoperative chemotherapy.
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Immune function of CD36*CD8* T cells can be partially
restored by CD36 inhibitor

Given the potential impact on the TME of NSCLC and
clinical significance, we tried to test the therapeutic
effect of targeting CD36. The isolated immune cells from
fresh NCSLC tissue were cultured with SSO (50 uM/L)
or vehicle for 24 h. The cells were then collected and
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examined for cytotoxic function and immune checkpoint
expression through flow cytometry. The proportion of
GZMB" cells (p<0.05) and IFN-y" (p<0.05) was recov-
ered after SSO treatment, especially in the subgroup with
high proportion of CD36'CD8" T cells (Fig. 7G). How-
ever, SSO didn’t change the expression level of immune
checkpoints of CD36"CD8" T cells. These results indi-
cated that CD36-targeted therapy could enhance antitu-
mor immune response.

Discussion

The NSCLC TME consists of tumor cells and stromal
cells, including distinct immune cell subsets. CD36, a
scavenger receptor expressed in multiple cell types medi-
ating lipid uptake and immunological recognition, plays
an important role in TME remodeling. In this study, we
discovered the suppressive function of CD36"CD8* T
cells in NSCLC and demonstrated a higher proportion of
CD36"CD8" T cells in NSCLC tissues than that in non-
tumor tissues, which was positively correlated with TNM
stage. From the best of our knowledge, the role of CD36
in NSCLC cells proliferation and migration [14], and its
function in macrophage polarization during acute lung
injury [15] had been demonstrated. However, no research
was conducted in NSCLC to explore the expression and
distribution of CD36 in tumor-infiltrating T lympho-
cytes. And the mechanism of CD36"CD8" T cells leading
to tumor progression was not clear. Some recent studies
mainly focused on the role of CD36 in regulating choles-
terol or fatty acids metabolism and subsequent ferrop-
tosis [11, 16, 17]. Our research in NSCLC showed that
anti-tumor function of CD36*CD8" T cells was impaired,
with less production of GZMB and INF-y and higher
expression of PD-1 and TIGIT. The decreased cytotox-
icity and increased suppressive molecules contribute to
tumor growth and evasion, which result in the poor out-
comes of NSCLC patients. More importantly, a negative
correlation between cytotoxic cytokines and CD36*CD8*
T cells infiltration was observed, as well as a positive cor-
relation between CD36"CD8" T cells infiltration and the
expression of immune checkpoints. Further exploration
found that suppressive immune components increased
in the TME with high proportion of CD36"CD8" T cells.
More immunosuppressive cells (Tregs and M2) were
observed in high CD36"CD8" T cells group. Except for
Th1 cells, main effector cells (CD4" T, NK, M1, DC cells)
showed no differences between high and low CD36*CD8*
T cells infiltration groups. Additionally, the proportion
of CD36"CD8" T cells was positively correlated with
the infiltration of Treg and M2 cells. The mechanisms of
increased Treg and M2 cells infiltration in the TME had
been explored [18, 19], but no evidence confirmed their
relationship with the increase of CD36'CD8" T cells.
Nevertheless, since Treg and M2 cells can directly inhibit
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the function of CD8" T cells, and Treg cells can selec-
tively sustain M2-like macrophage metabolic fitness [20],
the high expression of CD36 and the high infiltration of
Treg and M2 cells establish a vicious circle of immuno-
suppression, which together impair the function of CD8"*
T cells, promoting tumor immune escape and poor prog-
nosis of NSCLC patients. CD8" T cells have long been
thought to exert anti-tumor effects in different solid
tumors including lung cancer. However, a study from
Mori et al. reported that CD8" T cells didn’t indicate the
anti-tumor immunity in NSCLC [21] and high infiltra-
tion of CD8" T cells didn’t predict better prognosis. Our
study also found that the proportion of CD8" T cells was
not associated with patient prognosis in NSCLC, but
higher percentage of CD36'CD8" T cells, as an indepen-
dent factor, could predict both worse OS and RFS. This
implied that in addition to distribution and number of
CD8" T cells, the state of CD8" T cells was also impor-
tant to induce anti-tumor immunity [22, 23].

We further analyzed the prognosis of patients who
accepted postoperative chemotherapy at different stages
and found that higher infiltration of CD36"CD8" T cells
was indicative of worse prognosis. This suggests that
CD36 may lead to inferior response to chemotherapy
in NSCLC patients by impairing anti-tumor immune
functions. Targeting CD36 combined with chemo-
therapy is expected to bring better clinical benefits for
NSCLC patients. Immune-checkpoint inhibitors (ICIs),
particularly inhibitors of PD-1/PD-L1, have been con-
firmed great benefits in treatment of NSCLC [24-27],
but there is still a considerable proportion of patients
with little efficacy. Clinically, postoperative chemother-
apy based on platinum is the first line therapy for most
operable NSCLC patients. And combining ICIs with
chemotherapy has been shown to improve survival in
NSCLC patients [28, 29]. Nonetheless, many patients still
respond poorly to this combination treatment. There-
fore, the search for new immunotherapeutic targets is
urgent. We attempted to block CD36 and detect changes
in CD8" T cell function, after employment of SSO, the
cytotoxic function of CD36"CD8" T cells was partially
restored without altering the immune checkpoints,
which indicated the potential of CD36 as a therapeutic
target for NSCLC. Wang et al. [30] recently showed that
immunotherapy-activated CD8" T cells enhanced ferrop-
tosis-specific lipid peroxidation in tumor cells, improv-
ing the anti-tumor efficacy of immunotherapy. CD36
was proved to mediate ferroptosis [10], and it seemed to
contradict our aim of blocking CD36 to improve the anti-
tumor immune response. However, through dual-color
immunofluorescence, we found that CD36 was highly
expressed on T cells rather than tumor cells in NSCLC
(Fig. 2C and D), and CD36 blockage will exert little effect
on the ferroptosis in tumor cells theoretically. Therefore,
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combination of other therapies including chemotherapy
and CD36 blockage could promisingly enhance anti-
tumor effects in NSCLC.

There were several limitations of our study. Firstly, we
revealed the correlation of CD36"CD8" T cells with TME
and the prognosis of NSCLC; however, we didn’t explore
the effect of CD36 alone, including how CD36 was regu-
lated and whether there was a cause-and-effect connec-
tion between CD36 and TME or prognosis of NSCLC.
And thus, a comprehensive understanding of CD36 in
regulating TME and NSCLC progression is needed. Sec-
ondly, CD36 possibly had a greater prognostic impact on
more extensive tumors (stage II-III) regardless of chemo-
therapy receipt. This indicated that it was not the best
way to compare the prognosis (OS and RFS) among these
patients who underwent surgery and adjuvant chemo-
therapy in either CD36"CD8" T cells high or low group
to explore the impact of CD36 on the response to che-
motherapy. Instead, to really establish that CD36*CD8*
T cells impacted the immune response to chemotherapy
specifically, the inferior response should be shown in
patients with stage II-III NSCLC who had surgery and
chemotherapy, and not shown in patients who had sur-
gery alone. However, adjuvant postoperative chemo-
therapy is the standard of care in all patients at stage
II-I1I [31], which means comparison can only be made
in patients who underwent both surgery and chemo-
therapy. Thirdly, more explorations into mechanisms of
CD36"CD8" T cells inducing immunosuppressive TME
in vitro and in vivo are needed. In addition, the effect and
safety of combined CD36 blockage and chemotherapy
need to be verified in animal models.

Conclusions

The study found that high proportion of CD36"'CD8" T
cells in the TME was an independent risk factor for poor
prognosis in NSCLC patients, which predicted inferior
chemotherapy response. CD36 blockage may enhance
anti-tumor response and therapeutic effects of chemo-
therapy in NSCLC patients. However, more studies and
prospective validations are needed to further explore the
molecular mechanisms.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512885-023-10836-z.

[ Supplementary Material 1 ]

Acknowledgements

We thank doctors at Department of Pathology, Zhongshan Hospital, Fudan
University for kindly providing excellent pathological data and technology
help.

Page 12 of 13

Author contributions

Ao, Y, Gao, J; Zhang, L. and Deng, J. for acquisition, analysis and interpretation
of data, statistical analysis and drafting of the manuscript; Wang, S. and Lin,
M. for technical and material support; Wang, H.; Ding. J. and Jiang, J. for study
concept and design, funding support and study supervision. All authors read
and approved the final manuscript.

Funding

This study was funded by grants from National Natural Science Foundation
of China (81972168), National Key R&D Program of China (2021YFA1301402)
and Strategic Priority Research Program of the Chinese Academy of Sciences
(XDB29030103).

Data availability

All data generated that are relevant to the results presented in this article
are included in this article and the supplementary materials. Other data
that are not relevant for the results presented here are available from the
corresponding author Dr. Jiang upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Research Ethics Committees of Zhongshan
Hospital, Fudan university (the approval number Y2019-187). Written informed
consents were obtained from all patients included and this study was
performed in accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Thoracic Surgery, Zhongshan Hospital, Fudan University,
180 Fenglin Road, Shanghai 200032, P. R. China

“Cancer Center, Zhongshan Hospital, Fudan University, Shanghai, China
*Department of Cardiothoracic Surgery, the Second Affiliated Hospital of
Nanchang University, Nanchang 330000, PR. China

“Institute of Vascular Disease, Shanghai TCM-Integrated Hospital,
Shanghai University of Traditional Chinese Medicine, Shanghai, China
°CAS Key Laboratory of Molecular Virology and Immunology, Institute
Pasteur of Shanghai, Chinese Academy of Sciences, Shanghai, China

Received: 15 September 2022 / Accepted: 11 April 2023
Published online: 21 April 2023

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A,
Bray F. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence
and Mortality Worldwide for 36 cancers in 185 countries. Cancer J Clin.
2021;71(3):209-49.

2. Yang HX, Woo KM, Sima CS, Bains MS, Adusumilli PS, Huang J, Finley DJ,
Rizk NP, Rusch VW, Jones DR, et al. Long-term survival based on the Surgical
Approach to Lobectomy for Clinical Stage | Nonsmall Cell Lung Cancer:
comparison of robotic, video-assisted thoracic surgery, and Thoracotomy
Lobectomy. Ann Surg. 2017;265(2):431-7.

3. Arbour KC, Riely GJ. Systemic therapy for locally Advanced and Metastatic
Non-Small Cell Lung Cancer: a review. JAMA. 2019;322(8):764-74.

4. NCCN Guideline for Patients. Early and Locally Advanced Non-Small Cell Lung
Cancer

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. Cancer J Clin.
2019,69(1):7-34.

6. Guo X ZhangY, Zheng L, Zheng C, Song J, Zhang Q, Kang B, Liu Z, Jin L, Xing
R, et al. Global characterization of T cells in non-small-cell lung cancer by
single-cell sequencing. Nat Med. 2018,24(7).978-85.


http://dx.doi.org/10.1186/s12885-023-10836-z
http://dx.doi.org/10.1186/s12885-023-10836-z

Ao et al. BMC Cancer

20.

(2023) 23:367

Lin Z, Gu J, Cui X, Huang L, Li S, Feng J, Liu B, Zhou Y. Deciphering Microenvi-
ronment of NSCLC based on CD8 + TIL density and PD-1/PD-L1 expression. J
Cancer. 2019;10(1):211-22.

Xu'S, Chaudhary O, Rodriguez-Morales P, Sun X, Chen D, Zappasodi R, Xu Z,
Pinto AFM, Williams A, Schulze |, et al. Uptake of oxidized lipids by the scaven-
ger receptor CD36 promotes lipid peroxidation and dysfunction in CD8(+) T
cells in tumors. Immunity. 2021;54(7):1561-1577e1567.

Wang J, Li Y. CD36 tango in cancer: signaling pathways and functions. Ther-
anostics. 2019;9(17):4893-908.

Ma X, Xiao L, Liu L, Ye L, Su P, Bi E, Wang Q, Yang M, Qian J, Yi Q. CD36-medi-
ated ferroptosis dampens intratumoral CD8(+) T cell effector function and
impairs their antitumor ability. Cell Metabol. 2021;33(5):1001-1012e1005.
Subramanian M, Marelli-Berg FM. CD36 pumps fat to defang killer T cells in
tumors. Cell Metabol. 2021;33(8):1509-11.

Yoneyama T, Hatakeyama S, Sutoh Yoneyama M, Yoshiya T, Uemura T, Ishizu

T, Suzuki M, Hachinohe S, Ishiyama S, Nonaka M, et al. Tumor vasculature-
targeted (10)B delivery by an annexin A1-binding peptide boosts effects of
boron neutron capture therapy. BMC Cancer. 2021;21(1):72.

Gao J, Zhang LX, Ao YQ, Jin C, Zhang PF, Wang HK, Wang S, Lin M, Jiang

JH, Ding JY. Elevated circASCC3 limits antitumor immunity by sponging
mir-432-5p to upregulate C5a in non-small cell lung cancer. Cancer Lett.
2022;543:215774.

Ni K, Wang D, Xu H, Mei F, Wu C, Liu Z, Zhou B. miR-21 promotes non-small
cell lung cancer cells growth by regulating fatty acid metabolism. Cancer Cell
Int. 2019;19:219.

Sun S, Yao Y, Huang C, Xu H, Zhao Y, Wang Y, Zhu Y, Miao Y, Feng X, Gao X, et
al. CD36 regulates LPS-induced acute lung injury by promoting macro-
phages M1 polarization. Cell Immunol. 2022;372:104475.

Ma X, Bi E, Lu, Su P Huang C, Liu L, Wang Q, Yang M, Kalady MF, Qian J, et

al. Cholesterol induces CD8(+) T cell exhaustion in the Tumor Microenviron-
ment. Cell Metabol. 2019;30(1):143-156e145.

Manzo T, Prentice BM, Anderson KG, Raman A, Schalck A, Codreanu GS, Nava
Lauson CB, Tiberti S, Raimondi A, Jones MA et al. Accumulation of long-chain
fatty acids in the tumor microenvironment drives dysfunction in intrapancre-
atic CD8 + T cells.The Journal of experimental medicine2020, 217(8).
Whiteside TL. FOXP3 + Treg as a therapeutic target for promoting anti-tumor
immunity. Expert Opin Ther Targets. 2018;22(4):353-63.

Wu K, Lin K, Li X, Yuan X, Xu P, Ni P Xu D. Redefining Tumor-Associated macro-
phage subpopulations and functions in the Tumor Microenvironment. Front
Immunol. 2020;11:1731.

Liu C, Chikina M, Deshpande R, Menk AV, Wang T, Tabib T, Brunazzi EA,

Vignali KM, Sun M, Stolz DB, et al. Treg cells promote the SREBP1-Dependent
metabolic fitness of Tumor-Promoting macrophages via repression of CD8(+)
T cell-derived Interferon-y. Immunity. 2019;51(2):381-397e386.

Mori M, Ohtani H, Naito Y, Sagawa M, Sato M, Fujimura S, Nagura H.
Infiltration of CD8 + T cells in non-small cell lung cancer is associated with

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 13 of 13

dedifferentiation of cancer cells, but not with prognosis. Tohoku J Exp Med.
2000;191(2):113-8.

Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pagés C,
Tosolini M, Camus M, Berger A, Wind P, et al. Type, density, and location of
immune cells within human colorectal tumors predict clinical outcome. Sci
(New York NY). 2006,313(5795):1960-4.

Mohamed E, Al-Khami AA, Rodriguez PC. The cellular metabolic landscape in
the tumor milieu regulates the activity of myeloid infiltrates. Cell Mol Immu-
nol. 2018;15(5):421-7.

Xia L, LiuY, Wang Y. PD-1/PD-L1 blockade therapy in Advanced Non-
Small-Cell Lung Cancer: current status and future directions. Oncologjist.
2019;24(Suppl 1):31-s41.

Rodak O, Peris-Diaz MD, Olbromski M, Podhorska-Okotéw M, Dziegiel P. Cur-
rent Landscape of Non-Small Cell Lung Cancer: Epidemiology, Histological
Classification, Targeted Therapies, and Immunotherapy. Cancers (Basel) 2021,
13(18).

Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott

DF, Powderly JD, Carvajal RD, Sosman JA, Atkins MB, et al. Safety, activ-

ity, and immune correlates of anti-PD-1 antibody in cancer. N Engl J Med.
2012,366(26):2443-54.

Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, Chow LQ, Vokes
EE, Felip E, Holgado E, et al. Nivolumab versus Docetaxel in Advanced Non-
squamous Non-Small-Cell Lung Cancer. N Engl J Med. 2015;373(17):1627-39.
Horn L, Mansfield AS, Szczesna A, Havel L, Krzakowski M, Hochmair MJ,
Huemer F, Losonczy G, Johnson ML, Nishio M, et al. First-line atezolizumab
plus chemotherapy in extensive-stage small-cell Lung Cancer. N Engl J Med.
2018;379(23):2220-9.

Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von Pawel J, Gadgeel
SM, Hida T, Kowalski DM, Dols MC, et al. Atezolizumab versus docetaxel in
patients with previously treated non-small-cell lung cancer (OAK): a phase
3, open-label, multicentre randomised controlled trial. Lancet (London
England). 2017;389(10066):255-65.

Wang W, Green M, Choi JE, Gijon M, Kennedy PD, Johnson JK, Liao P, Lang

X, Kryczek |, Sell A, et al. CD8(+) T cells regulate tumour ferroptosis during
cancer immunotherapy. Nature. 2019;569(7755):270-4.

Chaft JE, Shyr, Sepesi B, Forde PM. Preoperative and postoperative systemic
therapy for operable non-small-cell Lung Cancer. J Clin oncology: official J
Am Soc Clin Oncol. 2022;40(6):546-55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Tumor-infiltrating CD36﻿+﻿CD8﻿+﻿T cells determine exhausted tumor microenvironment and correlate with inferior response to chemotherapy in non-small cell lung cancer
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Patients and clinical database
	﻿Immunofluorescence (IF) and immunohistochemistry (IHC) assay
	﻿Flow cytometry
	﻿In vitro CD36 inhibition assay
	﻿Statistical analysis

	﻿Results
	﻿The relationship of CD36﻿+﻿CD8﻿+﻿T cells level and clinical characteristics of NSCLC
	﻿Accumulation of CD36﻿+﻿CD8﻿+﻿T cells in NSCLC predicted poor prognosis
	﻿Infiltration of CD36﻿+﻿CD8﻿+﻿ T cells is associated with decreased cytotoxic cytokine production
	﻿Increased immune checkpoint expression is correlated with infiltration of CD36﻿+﻿CD8﻿+﻿ T cells
	﻿Infiltration of CD36﻿+﻿CD8﻿+﻿ T cells is accompanied by Tregs and M2 in the TME
	﻿High proportion of CD36﻿+﻿CD8﻿+﻿T cells correlated with inferior response to chemotherapy
	﻿Immune function of CD36﻿+﻿CD8﻿+﻿ T cells can be partially restored by CD36 inhibitor

	﻿Discussion
	﻿Conclusions
	﻿References


