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ABSTRACT
Background Immune- checkpoint inhibitors (ICIs) 
remain ineffective in a large group of non- small cell lung 
cancer (NSCLC) patients. Mucosal- associated invariant 
T (MAIT) cells, a population of unconventional innate- 
like T lymphocytes abundant in the human body, play 
important roles in human malignancies. Little is known 
about the immune characteristics of MAIT cells in NSCLC 
and correlation with prognosis and response rate of ICIs 
treatment.
Methods To investigate the distribution, activation status, 
and function of MAIT cells in NSCLC patients and their 
correlations with anti- PD- 1 immunotherapy, MAIT cells 
in peripheral blood, tumor and paratumor samples from 
NSCLC patients with or without anti- PD- 1 immunotherapy 
were analyzed using flow cytometry and single- cell RNA- 
sequencing.
Results MAIT cells were enriched in the tumor lesions of 
NSCLC patients migrating from peripheral blood via the 
CCR6- CCL20 axis. Both peripheral and tumor- infiltrating 
MAIT cells displayed an exhausted phenotype with 
upregulated PD- 1, TIM- 3, and IL- 17A while less IFN-γ. 
Anti- PD- 1 therapy reversed the function of circulating 
MAIT cells with higher expression of IFN-γ and granzyme 
B. Subcluster MAIT- 17s (defined as cells highly expressing 
exhausted and Th17- related genes) mainly infiltrated in the 
non- responsive tissues, while the subcluster MAIT- IFNGRs 
(cells expressing genes related to cytotoxic function) were 
mainly enriched in responsive tissues. Moreover, we found 
predictive value of circulating MAIT cells for anti- PD- 1 
immunotherapy in NSCLC patients.
Conclusions MAIT cells shifted to an exhausted tumor- 
promoting phenotype in NSCLC patients and the circulating 
MAIT subset could be a predictor for patients who respond 
to anti- PD- 1 immunotherapy.

BACKGROUND
Non- small cell lung cancer (NSCLC) repre-
senting 85% of lung cancer has become the 
leading cause of cancer- related deaths world-
wide with low 5- year survival rates varying from 
4% to 17%.1 Cancer cells can escape from 
host immune surveillance through various 
pathways, such as disrupting T cell effectors 
and antitumor immunity. For patients with 
advanced NSCLC, immune- checkpoint inhib-
itors (ICIs) restimulate T cell activation by 

blocking the inhibitory interactions between 
T cells and tumor cells or dendritic cells, 
for example, programmed death- 1 (PD- 1)- 
programmed death ligand- 1 (PD- L1).2

Anti- PD- 1/PD- L1 antibodies were shown 
to improve overall survival in lung cancers, 
though, there remains a large group of 
patients that do not respond to PD- 1/PD- L1 
blockade, making it a formidable chal-
lenge to search for biomarkers that indicate 
whether the patients will respond to the 
therapy.2–4 Detecting PD- L1 expression by 
immunohistochemistry is the most frequently 
used diagnostic test approved by FDA for 
ICIs. However, numerous studies have shown 
that many patients with PD- L1 positive 
tumors did not benefit from the PD- 1/PD- L1 
blockade therapy. Other biomarkers such as 
tumor mutational burden, tumor- infiltrating 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Mucosal- associated invariant T (MAIT) cells have 
been proved to involve in innate immunity and play 
indispensable roles in malignancies. However, little 
is known about the immune characteristics of MAIT 
cells in non- small cell lung cancer (NSCLC) and its 
correlation with anti- PD- 1 therapy.

WHAT THIS STUDY ADDS
 ⇒ In this study, MAIT cells were observed to be en-
riched in the tumor lesions via the CCR6- CCL20 axis 
and shift to an exhausted tumor- promoting pheno-
type in NSCLC patients. Furthermore, the circulat-
ing MAIT- IFNGR subset showed potential predictive 
value for the responders while MAIT- 17 subset in-
dicated resistance to anti- PD- 1 therapy in NSCLC 
patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The transcriptional profiles of MAIT cells are im-
pacted by the tumor microenvironment and showed 
potential predictive value for patients who respond 
to anti- PD- 1 therapy.
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lymphocytes, mismatch repair deficiency, and microsatel-
lite instability also have limitations.5

Mucosal- associated invariant T (MAIT) cells are a 
population of innate- like T cells whose T cell receptor 
consists of an invariant α chain and varying β chains 
and restricts to the major histocompatibility complex 
(MHC) class I- related molecule (MR1). MAIT cells 
are enriched at mucosal locations as well as peripheral 
blood and tissues.6 Once activated, they exert cytotoxic 
properties and produce inflammatory cytokines such 
as IFN-γ, TNF-α, and IL- 17A, and cytotoxic mediators 
such as granzyme B and perforin. Studies have shown 
that MAIT cells were diminished in peripheral blood, 
enriched in the tumor lesions of patients with mucosal 
tumors (gastric cancer, colorectal cancer (CRC), and 
lung cancer), and suppressed antitumor immunity by 
producing protumor cytokines IL- 17A and IL- 8, which 
were considered as biomarkers to monitor and predict 
clinical benefit from ICIs in multiple patients with 
cancer.7–9 Studies revealed that the tumor- promoting 
capacity of MAIT cells was IL- 17A- dependent.10 However, 
whether MAIT cells correlate with the prognosis of 
NSCLC and the response rate of ICIs treatment remains 
to be further explored.

In this study, we observed the enrichment of MAIT 
cells in the tumor lesions which was mainly mediated 
by the CCR6- CCL20 axis in NSCLCs. We identified the 
exhausted MAIT cells with increased IL- 17A produc-
tion which contribute to immunotherapy resistance. Of 
note, we distinguished MAIT- IFNGR subset, which highly 
increased in patients with NSCLC who responded to anti- 
PD- 1 therapy and confirmed circulating MAIT- IFNGRs 
can identify the response patients, thereby showing poten-
tial value for predicting the prognosis and ICIs response 
in NSCLC patients.

MATERIALS AND METHODS
Patients and samples
This study cohort included 186 patients with NSCLC, 
14 patients with CRC, 20 patients with esophageal carci-
noma (ESCA), and 16 patients with stomach adenocarci-
noma (STAD) in Jiangsu Cancer Hospital between 2018 
and 2022, together with 24 age- matched and gender- 
matched healthy donors (HDs) who received routine 
physical examination. Detailed clinical characteristics are 
presented in online supplemental tables S1 and S2.

Flow cytometry analysis
Flow cytometry was optimized to broadly investigate 
MAIT cells' phenotype and function, including CD3, 
CD4, CD8, TCR Vα7.2, CD161, HLA- DR, CD38, PD- 1, 
CTLA- 4, TIM- 3, IFN-γ, granzyme B, IL- 17A, IL- 8, Annexin 
V, Ki- 67, CCR6, and IFN-γR. Detailed information is listed 
in online supplemental materials and methods and table 
S3.

Immunofluorescence
Paraffin- embedded specimens were stained with H&E, 
and immunofluorescence. Deparaffinized sections were 
hydrated and then incubated with specific antibodies. 
Positive cells were detected by confocal microscopy (Carl 
Zeiss LSM800 with NLO and Airyscan). Detailed infor-
mation is provided in online supplemental materials and 
methods.

Statistical analysis
The number of biological replicates and technical repeats 
in each experimental group is indicated in the figure 
legends. Two- sided p ≤0.05 was considered statistically 
significant. All statistical analyses were performed using 
R (V.3.4.0) unless indicated otherwise. Detailed informa-
tion is described in online supplemental materials and 
methods.

Additional methods are provided in the online supple-
mental materials and methods.

RESULTS
MAIT cells exhibit specific transcriptomic features in NSCLCs 
by Single-cell RNA sequencing
To explore the dynamics of immune cell populations 
potentially involved in the tumor microenvironment, we 
performed a secondary analysis of the published NSCLC 
single- cell RNA sequencing (scRNA- seq) dataset (14 
patients from GSE99254, 11 patients from GSE162498),11 12 
with a focus on the abundance and the transcriptional 
profiles of MAIT cells from isolated CD3+ T cells in 
peripheral blood, tumor and paratumor tissues. In these 
25 patients, 20 patients were diagnosed with early- stage 
and 5 patients with advanced- stage NSCLC. The compu-
tational analysis identified 20 different cell clusters based 
on gene expression profiles (figure 1A). Among those, 
cluster 12 was identified as MAIT cells expressing high 
levels of SLC4A10, IL18RAP, IL23R, NCR3, COLQ, and 
ME1 (figure 1B,C). It has been reported that MAIT cells 
with tumor- homing properties were identified with a high 
expression level of KLRB1, SLC4A10, MAF, and CXCR4,13 
which was similar to the expression pattern of genes in 
cluster 12 (figure 1D). MAIT cells also existed in periph-
eral blood, tumor, and paratumor tissues in multiple 
cancer species (online supplemental figure S1A–C and 
methods).14–17 Notably, most MAIT cells were enriched 
in tumor tissues among different cancers (online supple-
mental figure S1D). We obtained a set of top 30 genes as 
MAIT cell- specific signatures (cluster 12) for the analysis 
of the TCGA database (online supplemental materials 
and methods). Our data showed that high infiltration 
of MAIT cells was significantly correlated with unfavor-
able disease- free survival in NSCLC patients (p=0.0029; 
figure 1E). To interrogate potential signaling pathways 
related to MAIT cells’ function in NSCLC, we compared 
transcriptomic differences of MAIT cells between tumor 
and paratumor tissues. Kyoto Encyclopedia of Genes 
and Genomes (KEGG) signaling mechanism analysis 
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Figure 1 The abundance and transcriptional profiles of MAIT cells in non- small cell lung cancer (NSCLC) patients based 
on scRNA- seq data (14 patients from GSE99254 and 11 patients from GSE162498). (A) t- Distributed Stochastic Neighbor 
Embedding (t- SNE) plot displaying 20 clusters identified on the basis of gene expression levels of CD3+ T cells in peripheral 
blood, tumor, and paratumor tissues from NSCLC patients. Cells are colored according to the 20 clusters defined in an 
unsupervised manner. (B) Expression of SLC4A10 in CD3+ T cells from peripheral blood, tumor and paratumor tissues of 
NSCLC patients. (C) Dot plot for markers characterizing MAIT cells with tumor- homing properties in NSCLC patients. The 
color intensity of each dot corresponds to the average gene expression across all cells in each cluster. (D) Dot plot for selected 
markers characterizing mucosal- associated invariant T (MAIT) cells with tumor- homing properties (cluster 12) that were reported 
previously.21 The color intensity of each dot corresponds to the average gene expression across all cells in each cluster. 
(E) Kaplan- Meier curves for disease- free survival (DFS) according to MAIT cell frequency in NSCLC patients from the TCGA 
database. (F) The top 10 enriched KEGG pathway of tumor enriched genes in MAIT cells from NSCLC patients. (G) The top 10 
enriched KEGG pathway of paratumor enriched genes in MAIT cell from NSCLC patients. Survival analysis was determined by 
the log- rank (Mantel- Cox) test.
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showed that tumor- enriched MAIT cells upregulated 
genes involved in IL- 17 signaling pathways (figure 1F; 
online supplemental table S4), while MAIT cells in para-
tumor tissues, by contrast, upregulated genes involved in 
pathways of Th1 and Th2 cell differentiation (figure 1G; 
online supplemental table S5). A similar tendency was 
found in other cancer species (online supplemental 
figure S1E). These results suggested that there is a poten-
tial function bifurcation into Th17- like MAIT cells sublin-
eage and Th1- like or Th2- like MAIT cells sublineage in 
NSCLC, consistent with prior studies.18 19

MAIT cells are significantly enriched in tumor tissues from 
NSCLC patients
To confirm the preferential tumor tissue tropism of MAIT 
cells in NSCLC patients, frequencies of CD3+ CD161+ 
TCR Vα7.2+ MAIT cells (hereafter referred to as MAIT 
cells) in tumor and paratumor tissues were analyzed 
(figure 2A; online supplemental figure S2A and table 
S1). We observed a higher proportion of MAIT cells in 
CD3+ T cells from tumor lesions compared with that from 
paratumor tissues (median (IQR) 1.07% (0.74%–1.47%) 
vs 0.75% (0.44%–1.27%), p=0.045; figure 2B,C). These 
findings were validated in 9 tumor and their paired para-
tumor tissues, which were part of total tissue samples from 
90 patients (online supplemental table S1), where MAIT 
cells also increased in tumor tissues from NSCLC patients 
(p=0.027; online supplemental figure S2B). These MAIT 
cells were mainly CD8 positive (online supplemental 
figure S2C,D). Increased tumor- infiltrating MAIT cells 
were also visible via immunofluorescence staining in 
other cancer species (online supplemental figure S3A).

To figure out the origin of the increased tumor- 
infiltrating MAIT cells, we assessed the percentage of 
Ki- 67+ MAIT cells and revealed no difference between 
tumor and paired paratumor tissues (n=14) (figure 2D), 
indicating the proliferation rate of MAIT cells was not 
altered. Also, apoptosis did not differ significantly between 
the two groups by staining MAIT cells with Annexin V and 
7- AAD (n=12) (figure 2E). Previous studies demonstrated 
that MAIT cells retained tissue enrichment properties 
might be explained by the specific chemokine receptor 
expression.20 21 We next analyzed the mRNA expression 
of chemokines that recruit MAIT cells in tumor tissues 
from NSCLC and found the expression of CCL20 was 
elevated (p=0.037, figure 2F), in line with high levels of 
CCR6 on circulating MAIT cells as reported, which is the 
receptor of CCL20.21 22 Increased expression of CCL20 
in tumors compared with paratumor tissues was observed 
by ELISA (median (IQR), 1.303 (0.811–3.78) vs 0.403 
(0.271–0.596), p<0.001, figure 2G) and immunofluo-
rescence (MFI median (IQR), 9.83 (14.43–6.62) vs 3.83 
(4.13–3.02), p<0.001; figure 2H,I) in NSCLC patients. 
Meanwhile, a similar chemokine pattern with a high level 
of CCL20 was confirmed by analysis of RNA- seq data-
sets from the TCGA database in multiple cancer species 
(online supplemental figure S3B–E). The expression of 
chemokine pattern in the tumor microenvironment may 

be of importance for organ- specific migration of MAIT 
cells.

MAIT cells gather in tumor tissues from peripheral blood via 
the CCR6-CCL20 axis in NSCLCs
Frequencies of MAIT cells in peripheral blood of 
NSCLC patients were reduced compared with that of 
HDs (median (IQR), 0.9% (0.41%–1.5%) vs 5.79% 
(4.17%–7.34%), p<0.001; figure 3A–C). However, there 
was no obvious difference in MAIT cell proliferation and 
apoptosis between 15 NSCLC patients and the control 
group of 14 healthy individuals (online supplemental 
figure S4A,B). To explore the mechanism of chemokine- 
mediated migration in MAIT cells, we used the single- cell 
RNA- seq data to identify differential expression of the 
chemokines/receptors in MAIT cells between tumor and 
paratumor or blood samples. There was no significant 
difference in CCR6, CXCR6, CXCR4, CCR4, CCR5, and 
ITGA4, which were previously reported to be expressed in 
MAIT cells (online supplemental figure S4C–F).6 CCR6, 
the receptor of CCL20, was found highly expressed in 
MAIT cells (more than 80%) from peripheral blood 
mononuclear cells (PBMCs) or tissues using flow cytom-
etry (online supplemental figure S4G,H). However, there 
was no difference in the levels of CCR6 between CD8+ 
and CD4+ MAIT cells (online supplemental figure S4I,J).

To further investigate the chemotactic effects of 
CCL20 on CCR6+ MAIT cells, we next performed the 
MAIT cell chemotactic migration assay and flow cytom-
etry to analyze the MAIT cells from PBMCs (figure 3D; 
supplemental materials and methods). A notable MAIT 
cell chemotaxis was observed when cultured with condi-
tional medium that contained a relatively high concen-
tration of CCL20 from NSCLC cell lines H1299 and PC9 
(figure 3E). However, the chemotaxis response could 
be partially blocked by anti- CCL20 mAb (for H1299 
medium, p=0.0022; for PC9 medium, p=0.0049). These 
results collectively suggested that circulating MAIT cells 
migrated to tumor tissues through the CCR6- CCL20 axis 
in NSCLC patients.

MAIT cells from PBMCs in NSCLCs mainly consist of 
exhausted IL-17A-secreting CD8+ subset with impaired 
effector capability
The depletion of circulating MAIT cells was observed 
in patients with other cancer species, including ESCA, 
STAD, and CRC (online supplemental figure S5A,B). 
Generally, CD8+ cells constituted more than 65% of total 
MAIT cells in peripheral blood from different cancers 
(online supplemental figure S5C). The proportion of 
these peripheral CD8+ MAIT cells among total CD3+ T 
cells was significantly decreased in NSCLC patients when 
compared with HDs (median (IQR), 0.68% (0.35%–
1.22%) vs 4.04% (3.3%–5.3%), p<0.001; figure 3F–H). In 
contrast, the proportion of CD4+ MAIT cells showed no 
alteration (figure 3H). Given some evidence suggesting 
that CD8+ MAIT subset plays a specific role in the 
recognition of MR1- presented antigen and cytokines 
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production,23–25 we inferred that MAIT cells underwent 
potential function alteration in NSCLC patients.

Next, we performed polychromic flow cytometry to 
probe MAIT cells for features of immune activation and 

exhaustion. MAIT cells from PBMCs in patients with 
NSCLC showed significantly higher levels of the activation 
marker HLA- DR and CD38 (for HLA- DR median (IQR), 
12% (7.65%–20.6%) vs 3.9% (1.05%–8.96%), p<0.001; 

Figure 2 Mucosal- associated invariant T (MAIT) cells were enriched in tumor tissues potentially via the CCR6- CCL20 axis 
in non- small cell lung cancer (NSCLC) patients. (A) Scheme of the study design. Flow cytometry was applied to analyze MAIT 
cells distribution in tumor and paratumor tissues of patients with NSCLC. (B, C) Representative plots of MAIT cells (gated on 
CD3+ CD161+ TCR Vα7.2+) in tumor and paratumor tissues of NSCLC patients and its summary data (paratumor, n=31; tumor, 
n=37). (D) Representative plots of Ki- 67 expression in MAIT cells from tumor and paratumor tissues of NSCLC patients and 
its summary data (n=14). (E) Representative Annexin V/7- ADD dot plots that demonstrate the percentage of apoptotic MAIT 
cells in tumor and para- tumor tissues of NSCLC patients and its summary data (n=12). (F) Relative expressions of chemokines 
that recruit MAIT cells in tumor and para- tumor tissues of NSCLC patients (n=20) using quantitative real- time PCR (RT- qPCR). 
(G) Expression of CCL20 in paired tumor and paratumor tissues of NSCLC patients (n=30) by ELISA. (H, I) Tumor and paratumor 
tissue sections were stained with hematoxylin and eosin (HE) (left) and immunofluorescence staining for CD3, TCR Vα7.2, 
and CCL20 (right) and its summary data. Immunofluorescence was performed on paired paratumor and tumor tissues from 7 
NSCLC patients. Each dot represents one individual high- power field. Scale bar, 100 µm or 50 µm. The upper and lower ends 
of the boxes represented IQR of values. The lines in the boxes represented median value. Statistical significance was calculated 
via Mann- Whitney U test.
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Figure 3 The chemotaxis and functional phenotype of mucosal- associated invariant T (MAIT) cells from PBMCs in non- small 
cell lung cancer (NSCLC) patients. (A) Scheme of the study design. Flow cytometry was applied to analyze MAIT cells from 
PBMCs of healthy donors (HD) and NSCLC patients. (B and C) Representative plots of MAIT cells (gated on CD3+CD161+TCR 
Vα7.2+) in peripheral blood of healthy donors and NSCLC patients and its summary data. (HD, n=16; NSCLC, n=61). (D) Flow 
chart of in vitro MAIT cell chemotactic migration assay. The purity of isolated MAITs is shown. (E) Summary data of MAIT 
cell migration treated with or without the neutralizing antibody (±anti- CCL20) in the bottom. MAIT cells (103) induced in each 
condition were evaluated (n=6). (F) Representative plots of MAIT cell subsets (gated on CD3+ CD161+ TCR Vα7.2+) from PBMCs 
of healthy donors (HD) and NSCLC patients. (G) MAIT cell subset composition in peripheral blood of HD and NSCLC patients. 
(H) Quantification of CD8+ MAIT cells and CD4+ MAIT cells in CD3+ T cells in peripheral blood of HD and NSCLC patients. 
(HD, n=14; NSCLC, n=22). (I and J) Expression of the activation markers HLA- DR and CD38 on MAIT cells from PBMCs of 
HD and NSCLC patients detected by FCM (gated on CD3+ CD161+ TCR Vα7.2+) and their summary data. (HD, n=16; NSCLC, 
n=61). (K and L) Expression of the immune inhibitory molecules PD- 1 and TIM- 3 on MAIT cells from PBMCs of HD and NSCLC 
patients detected by FCM (gated on CD3+ CD161+ TCR Vα7.2+) and their summary data. (HD, n=16; NSCLC, n=61). (M and 
N) Expression of the effector molecules IFN-γ and IL- 17A in MAIT cells from PBMCs of HD and NSCLC patients detected by 
FCM (gated on CD3+ CD161+ TCR Vα7.2+) after stimulated with PMA and ionomycin for 4 hours and their summary data. (HD, 
n=11; NSCLC, n=52). The upper and lower ends of the boxes represented IQR of values. The lines in the boxes represented 
median value. Statistical significance was calculated via Mann- Whitney U test. PBMC, peripheral blood mononuclear cells.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-005902 on 19 January 2023. D

ow
nloaded from

 

http://jitc.bmj.com/


7Shi L, et al. J Immunother Cancer 2023;11:e005902. doi:10.1136/jitc-2022-005902

Open access

for CD38, 16.3% (10%–25.6%) vs 2.89% (1.56%–9.26%), 
p<0.001, figure 3I,J), indicating that circulating MAIT 
cells were chronically activated T- cell phenotype.26 27 
Significant upregulation of PD- 1 and TIM- 3 on MAIT cells 
from PBMCs was detected in NSCLC patients compared 
with that in HDs (for PD- 1 median (IQR), 4.57% (2.72%–
7.51%) vs 1.12% (0.78%–1.43%), p<0.001; for TIM- 3, 
8.08% (4.92%–15%) vs 1.84% (1.45%–4.17%), p<0.001; 
figure 3K,L). Although the expression of CTLA- 4 showed 
no difference (online supplemental figure S6A), these 
MAIT cells from NSCLC patients represent a phenotype 
consistent with exhausted cells by coexpressing PD- 1 with 
TIM- 3.28 29 In chronic infections and cancer, the exhausted 
T cells are often associated with the deterioration of 
effector function.30 31 Thus, we used flow cytometry to 
determine whether the ability of PD- 1+TIM- 3+ MAIT cells 
to produce cytokines and the cytotoxicity was affected. 
After being stimulated with phorbol- 12- myristate- 13- 
acetate (PMA) and ionomycin for 4 hours, the IFN-γ- 
secreting ability of MAIT cells from PBMCs of NSCLC 
patients was significantly lower compared with that in 
HDs (median (IQR), 14.05% (6.43%–30.62%) vs 60% 
(43.15%–72.9%), p<0.001; figure 3M). Nevertheless, the 
IL- 17A- secreting ability was found elevated in MAIT cells 
from PBMCs in NSCLCs (median (IQR), 4.19% (2.84%–
6.71%) vs 2.34% (1.5%–3.54%), p=0.024; figure 3N), 
which was reported to possess potential protumor effects 
in different cancers.32 33 Granzyme B production in 
response to such stimulation remained unchanged in 
MAIT cells from PBMCs (online supplemental figure 
S6B). The level of IL- 8, which is considered as a tumor- 
promoting cytokine,8 was also upregulated (median 
(IQR), 4.87% (2.49%–7.83%) vs 1.47% (0.96%–3.05%), 
p=0.008; online supplemental figure S6C). ScRNA- seq 
analysis reveals the expression level of IFNG (encoding 
IFN-γ) was negatively correlated with HAVCR2 (encoding 
TIM- 3) (r=−0.01, p=0.007), while IL17A expression was 
positively correlated with HAVCR2 (r=0.08, p=5.8e- 8) 
and PDCD1 (encoding PD- 1) (r=0.39, p=2.2e- 16) (online 
supplemental figure S6D). We then verified that PD- 1+ 
MAIT cells lead to a significant decrease in the level of 
IFN-γ (r=−0.339, p=0.017; online supplemental figure 
S6E) using flow cytometry. Of note, exhausted MAIT cells 
(PD- 1+TIM- 3+) produce IL- 17 (r=0.211, p=0.024) (online 
supplemental figure S6F). Thus, these results indicate that 
NSCLC represents an alteration in the function of MAIT 
cells with the contribution of IL- 17 but only little IFN-γ. A 
similar tendency of immune characteristics in MAIT cells 
from NSCLC continues in other cancer species (online 
supplemental figure S7).

Tumor-infiltrating MAIT cells exhibit exhausted phenotype 
different from those in paratumor
To investigate the characteristics of MAIT cells in the 
tumor microenvironment, we detected the phenotype of 
infiltrating MAIT cells from adjacent paratumor (n=27) 
and tumor (n=34) tissues in NSCLC patients by flow cytom-
etry and immunofluorescence. The clinicopathological 

characteristics of the patients are detailed in online supple-
mental table S1, and the workflow is shown in online 
supplemental figure S8A. Higher expression of CD38 
was observed in tumor- infiltrating MAIT cells than that 
in paratumor tissues (median (IQR), 10.15% (6.39%–
18.23%) vs 4.72% (2.5%–6.24%), p<0.001; figure 4A), 
while the level of HLA- DR showed no difference (online 
supplemental figure S6B). Consistent with the previous 
findings from PBMCs, the expression of PD- 1 and TIM- 3 
were increased in tumor- derived MAIT cells compared 
with their counterparts in paratumor tissues (for PD- 1 
median (IQR), 17.65% (8.81%–30.1%) vs 7.23% (2.7%–
15.17%), p=0.0076; for TIM- 3, 7.05% (3.73%–8.64%) vs 
2.72% (1.73%–5.58%), p=0.032; figure 4B and C). Gran-
zyme B and IFN-γ production was inhibited in tumor 
tissues (for granzyme B median (IQR), 10.6% (6.28%–
14.43%) vs 14.8% (10.25%–32.8%), p=0.0063; for IFN-γ, 
5.79% (4.22%–14.67%) vs 12.8% (10.9%–21.45%), 
p=0.0037; figure 4D and E), while the IL- 17A- secreting 
ability elevated (median (IQR), 7% (4.65%–10.72%) vs 
4.22% (2.25%–6.74%), p=0.013; figure 4F). The expres-
sion of CTLA- 4 and IL- 8 in MAIT cells between paratumor 
and tumor showed no difference (online supplemental 
figure S8C,D). We further confirmed the elevated PD- 1+ 
and IL- 17A+ tumor- enriched MAIT cells microscopically 
using immunofluorescence (figure 4G,H). Additionally, 
we observed upregulated HLA- DR, CD38, PD- 1, TIM- 3, 
IL- 17A, and downregulated IFN-γ, granzyme B in MAIT 
cells in the analysis of 15 tumors and their paired para-
tumor samples, which were part of the total tissue samples 
from NSCLC patients (online supplemental figure 
S8E–M). Collectively, these data revealed that tumor- 
infiltrating MAIT cells displayed exhausted phenotype 
and impaired effector abilities in NSCLC patients.

Circulating MAIT cells with cytotoxic effect show predictive 
value for response to anti-PD-1 therapy
Previous studies have reported that IL- 17A could direct 
tumor immune escape and even promote resistance 
to anti- PD- 1 therapy in multiple cancers.7 33 Given 
exhausted MAIT cells produced high levels of IL- 17A 
(figures 3N and 4F), and were related to poor outcomes 
(figure 1E), we assumed the feature of circ- MAIT cells 
may be considered as a biomarker to predict the success 
of PD- 1 blockade therapy, which is clinically detectable 
before ICIs. A total of 105 peripheral blood samples 
were collected from patients with NSCLC pre (n=35) or 
post (n=70) anti- PD- 1 treatment, including 10 samples 
from patients diagnosed at the early stage (stages Ⅰ/Ⅱ) 
and 95 samples from the advanced stage (stages Ⅲ/Ⅳ) 
(online supplemental table S2). No significant difference 
in the frequency of MAIT cells was observed in patients 
pre (n=23) and post (n=38) PD- 1 blockade treatment 
(online supplemental figure S9A). Next, we assessed the 
immune characteristics of MAIT cells and found there 
is no difference in the activation (HLA- DR and CD38) 
and exhaustion (PD- 1, TIM- 3 and CTLA- 4) phenotypes of 
MAIT cells in post- treatment versus pretreatment samples 
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Figure 4 Functional phenotype of tumor- infiltrating mucosal- associated invariant T (MAIT) cells in non- small cell lung cancer 
(NSCLC) patients. (A) Expression of the activation marker CD38 on MAIT cells from tumor and para- tumor tissues of NSCLC 
patients detected by FCM (gated on CD3+ CD161+ TCR Vα7.2+) and its summary data. (Paratumor, n=27; tumor, n=28). (B and 
C) Expression of the immune inhibitory molecules PD- 1 (B) and TIM- 3 (C) on MAIT cells from tumor and paratumor tissues of 
NSCLC patients detected by FCM (gated on CD3+ CD161+ TCR Vα7.2+) and their summary data. (Paratumor, n=27; tumor, 
n=34). (D–F) Expression of the effector molecules granzyme B (D), IFN-γ (E) and IL- 17A (F) in MAIT cells from tumor and 
para- tumor tissues of NSCLC patients detected by FCM (gated on CD3+ CD161+ TCR Vα7.2+) after stimulated with PMA and 
ionomycin for 4 hours and their summary data. (Paratumor, n=27; tumor, n=30). (G) Tumor and paratumor tissue sections were 
stained with hematoxylin and eosin (left) and immunofluorescence staining for CD3, TCR Vα7.2, and PD- 1 (right) and summary 
of density information of PD- 1+ MAIT cells. Scale bar, 50 µm. (H) Tumor and paratumor tissue sections were stained with H&E 
(left) and immunofluorescence staining for CD3, TCR Vα7.2, and IL- 17A (right) and summary of density information of IL- 17A+ 
MAIT cells. Immunofluorescence was performed on paired paratumor and tumor tissues from 5 NSCLC patients. Each dot 
represents one individual high- power field. Scale bar, 100 µm or 50 µm. The upper and lower ends of the boxes represented 
IQR of values. The lines in the boxes represented median value. Statistical significance was calculated via Mann- Whitney U test. 
FCM, flow cytometry; PMA, phorbol- 12- myristate- 13- acetate.
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(online supplemental figure S9B–F). However, the 
expression of granzyme B was elevated (median (IQR), 
11.4% (4.782%–20.075%) vs 3.87% (3.13%–65.26%), 
p=0.00038), but IL- 17A decreased (median (IQR), 3.28% 
(2.095%–3.911%) vs 5.03% (3.815%–6.500%), p=0.004) 
in MAIT cells from the patients after PD- 1 blockade treat-
ment (online supplemental figure S9G,H). No significant 
difference was observed in the expression of IFN-γ and 
IL- 8 in MAIT cells (online supplemental figure S9I,J).

We further divided the patients into pretreatment, 
post- treatment with progressive disease (PD), stable 
disease (SD), partial response or complete response 
(PR/CR) according to Response Evaluation Criteria in 
Solid Tumors (RECIST) (version 1.1). The frequency 
of MAIT cells remained unchanged in patients with PD, 
SD, and PR/CR (online supplemental figure S9K). We 
observed upregulation of HLA- DR in PR/CR patients 
compared with SD and pretreatment patients (median 
(IQR), 18.8% (12.9%–24.68%) vs 10.5% (6.05%–13.4%) 
or 11% (7.31%%–15.2%), p=0.0081 or p=0.013, respec-
tively; figure 5A). PD- 1+ MAIT cells were significantly 
decreased in PR/CR patients compared with the SD, PD 
or pretreatment patients (median (IQR), 2.52% (1.17%–
5.15%) vs 5.35% (4%–9.77%) or 8.4% (5.38%–17.7%) or 
5.04% (3.71%–8.82%), p=0.0026 or p<0.001 or p=0.0025, 
respectively; figure 5B). When it came to cellular func-
tion effector, we found increased granzyme B and IFN-γ 
following anti- PD- 1 therapy in PR/CR patients compared 
with SD or pretreatment patients (for granzyme B median 
(IQR), 2.52% (1.17%–5.15%) vs 5.78% (3.45%–8.54%) 
or 4% (3.59%%–5.31%), p=0.006 or p=0.0011; for IFN-γ, 
35.95% (14.9%–74.28%) vs 13.05% (4.32%–26.58%) or 
9.93% (5.88%–15.95%), p=0.04 or p=0.0025, respectively; 
figure 5C and D). IL- 17A, though, was reduced in PR/CR 
patients compared with pretreatment patients (median 
(IQR), 2.98% (1.89%–5.82%) vs 4.92% (3.15%–6.4%), 
p=0.028, respectively; figure 5E). Thus, these results indi-
cated that PD- 1 blockade did not affect the frequency of 
MAIT cells, but benefits from immunotherapy depended 
on the MAIT cell function to some extent.

Subcluster MAIT-IFNGRs predict response while MAIT-17s 
indicate resistance to anti-PD-1 therapy in NSCLC patients
Lung cancer is a highly heterogeneous cancer type. To 
explore the landscape of MAIT cells in the microenviron-
ment of NSCLC during ICI therapy, we took advantage 
of the scRNA- seq dataset profiling immune cells within 
paired NSCLC tumor samples pre and post anti- PD- 1 
therapy from Caushi et al (GEO accessions GSE176022).34 
MAIT cells were further subclustered before comparing 
the responders (R) (n=6) and non- responders (NR) 
(n=8) during anti- PD- 1 therapy (figure 6A). We applied 
the miloR tool to quantify shifts in the abundance of 
MAIT cells between responders and non- responders, 
identifying 351 neighborhoods spanning the KNN graph 
(k=30), of which 91 showed evidence of differential abun-
dance (false discovery rate (FDR) = 25%) (online supple-
mental figure S10A). Two different subclusters of MAIT 

cells were identified that MAIT- IFNGR subcluster was 
mainly enriched in responders while MAIT- 17 subcluster 
was prevalent in the non- responders (figure 6B,C). 
Notably, similar to cluster MAIT- IFNGR in figure 6B, 
the cluster 0 of MAIT cells we analyzed before (online 
supplemental figure S4F) also displayed high expression 
of IFNGR1, suggesting a potential role for these cells in 
antitumor immunity and response to immunotherapy.

We next compared the transcriptomic profiles between 
the two subclusters (figure 6D and online supplemental 
table S6). We observed that subcluster MAIT- 17 (mainly 
non- responders), highly expressed IL17A and immune 
checkpoint receptors, such as PDCD1, and ENTPD1(CD39), 
together with genes- inducing exhaustion programs 
like TOX.35 36 By contrast, subcluster MAIT- IFNGR 
(mainly responders) tended to express genes related to 
immune- cell activation (RIPOR2, CD6, TYROBP), effector 
(IFNGR1, NKG7, LITAF), and cytotoxic function(GZMA, 
GZMK, GZMM, PRF1, GNLY) (figure 6D). What is more, 
we examined the differences in signal pathways of these 
two MAIT subsets (figure 6E). Cluster MAIT- IFNGR was 
highly enriched in positive regulation of cell activation, T 
cells activation, and lymphocyte adhesion, consistent with 
a better prognosis for ICIs. Cluster MAIT- 17, nevertheless, 
was enriched in negative regulation of cell activation, and 
myeloid leukocyte differentiation, which might account 
for the clinical resistance to anti- PD- 1 therapy.37 38

Circulating MAIT-IFNGR subset could be a clinically accessible 
predictor for NSCLC patients responsive to anti-PD-1 
immunotherapy
We next evaluated the MAIT- IFNGR and MAIT- 17 subsets 
in the peripheral blood of patients receiving anti- PD- 1 
therapy, with the characteristics of high expression of 
IFN-γR and PD- 1, respectively. Thirty- one samples were 
newly collected to validate the IFN-γR+ MAIT cells (NR, 
n=17; R, n=14) (online supplemental table S2). IFN-γR+ 
MAITs within CD3+ T cells were significantly increased 
in the responders (patients with PR/CR) compared with 
non- responders (patients with PD/SD) while PD- 1+ MAITs 
decreased (for IFN-γR+ MAITs median (IQR), 0.17% 
(0.08%–0.67%) vs 0.05% (0.04%–0.14%), p=0.0079; for 
PD- 1+ MAITs, 0.04% (0.01%–0.07%) vs 0.05% (0.03%–
0.11%), p=0.041; online supplemental figure S10B,C). 
When it came to effectors, the IFN-γR+ granzyme B+ MAIT 
subset was expanded and the PD- 1+ IL- 17A+ MAIT subset 
reduced (median (IQR), 1.45% (1.03%–2.68%) vs 0.76% 
(0.49%–1.18%), p=0.026; 0.2% (0.07%–0.3%) vs 0.58% 
(0.33%–0.8%), p=0.0026; respectively; figure 6F,G). 
Notably, we included a typical patient who responded 
and later became resistant to immunotherapy. Tumor 
tissues were sampled via informed consent and tracked 
the detailed clinical data, including CT (figure 6H,I). We 
explicitly revealed increased infiltration of MAIT- IFNGR 
cells in responding tumor lesion 1, whereas the MAIT- 17 
signatures diminished (figure 6J and online supplemental 
figure S10D). Meanwhile, non- responding tumor lesion 
two exhibited a significant increase in MAIT- 17 cells while 
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Figure 5 Functional alterations of circulating mucosal- associated invariant T (MAIT) cells in non- small cell lung cancer 
(NSCLC) patients who responded to anti- PD- 1 therapy. Expression of HLA- DR (A), PD- 1 (B), granzyme B (C), and IFN-γ (D), and 
IL- 17A (E) in MAIT cells from peripheral blood of pretreatment NSCLC patients (HLA- DR, PD- 1, n=26; IFN-γ, granzyme B, IL- 
17A, n=20), patients with progressive disease (PD) (HLA- DR, n=8; PD- 1, n=18; IFN-γ, n=6; granzyme B, n=18; IL- 17A, n=15), 
patients with stable disease (SD) (HLA- DR, n=11; PD- 1, n=15; IFN-γ, n=11; granzyme B, IL- 17A, n=15) and patients with 
complete response or partial response (CR/PR) (HLA- DR, n=18; PD- 1, n=31; IFN-γ, n=16; granzyme B, IL- 17A, n=29) detected 
by FCM (gated on CD3+ CD161+ TCR Vα7.2+) and their summary data. The upper and lower ends of the boxes represented IQR 
of values. The lines in the boxes represented median value. Statistical significance was calculated via Mann- Whitney U test or 
one- way ANOVA and Tukey multiple comparison tests. ANOVA, analysis of variance.FCM, flow cytometry.
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Figure 6 Mucosal- associated invariant T (MAIT) cells can be devided into two different subclusters and are associated with 
immune- checkpoint inhibitor (ICI) responsiveness. (A) UMAP (uniform manifold approximation and projection) plot displaying 
two subclusters identified on the basis of gene expression levels of MAIT cells from paired non- small cell lung cancer (NSCLC) 
tumor tissues pre- anti- PD- 1 and post- anti- PD- 1 therapy (GSE176022). Cells are colored according to the two subclusters 
defined in an unsupervised manner. (B) UMAP plot displaying MAIT cell subclusters enrichment in tumor tissues from the 
responders (R, n=6) and non- responders (NR, n=8). (C) Dot plot for markers characterizing MAIT- IFNGR and MAIT- 17 cells in 
NSCLC tumor tissues. The color intensity of each dot corresponds to the z- score across all cells in each cluster. (D) Volcano 
plot showing differentially expressed genes between the MAIT- 17 and MAIT- IFNGR subclusters. Each red dot denotes an 
individual gene with adjusted q<0.05 and fold change >1.5. (E) Radar chart for gene enrichment in MAIT- IFNGR and MAIT- 17. 
(F) Expression of granzyme B on tumor- infiltrating IFN-γR + MAIT cells of NSCLC patients who received anti- PD- 1 therapy 
detected by FCM (gated on CD3+ CD161+ TCR Vα7.2+ IFN-γR+) and its summary data (NR, n=17; R, n=14). (G) Expression of 
IL- 17A on tumor- infiltrating PD- 1+ MAIT cells of NSCLC patients who received anti- PD- 1 therapy detected by FCM (gated on 
CD3+ CD161+ TCR Vα7.2+ PD- 1+) and its summary data (NR, n=17; R, n=14).(H and I) CT scan of NSCLC patient who received 
anti- PD- 1 therapy. Respective tumor tissue sections were immunofluorescence stained with anti- CD3, TCR Vα7.2, granzyme 
B (J), and PD- 1 (K). Scale bar, 20 µm. The upper and lower ends of the boxes represented the IQR of values. The lines in the 
boxes represented the median value. Statistical significance was calculated via Mann- Whitney U test.
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the MAIT- IFNGR signature was dismissed (figure 6K and 
online supplemental figure S10E). Our data demon-
strated that circulating MAIT- IFNGR cell subsets with 
anti- tumor effector functions and cytotoxic capabilities 
could predict the responders while the MAIT- 17s indicate 
resistance to anti- PD- 1 therapy in NSCLC patients.

DISCUSSION
Innate immunity plays an important role in antitumor 
immune responses, among which MAIT cells are a popu-
lation of innate type T cells preferentially enriched in 
human mucosal tissue, indicating its potential role in 
lung cancer, which involves mucosal immunity.39 In this 
study, we identified the feature of circulating and infil-
trating MAIT cells in patients with NSCLC and revealed 
the potential ability of MAIT cells to be a biomarker for 
patients responding to anti- PD- 1 therapy.

Altered phenotype and cytokine production patterns 
have been reported in different cancer types, and even 
in the same case of HCC, controversial data existed on 
the prognostic benefit of MAIT cells.6 Our data reveal 
MAITs were enriched in tumor tissues, indicated poor 
outcomes and expressed transcriptomic profiles related 
to IL17 signaling pathways. Studies have shown the deple-
tion of circulating MAIT cells in a variety of solid tumors, 
including cervical, colorectal, gastric, kidney cancers, 
and hepatocellular carcinoma.20 40–43 Consistently, we 
observed the overall decrease of circulating MAIT 
cell frequency and the enrichment in tumor lesions in 
NSCLCs. Of note, HLA- DR+ tumor- infiltrating MAIT cells 
increased particularly in paired tissue samples and it was 
not the case in unpaired statistics. Relatively small sample 
sizes and different individual backgrounds might cause 
this inconsistent result. Some previous studies demon-
strated that reduced circulating MAIT cells might be 
explained by the specific chemokine receptor expression 
and their tissue- homing properties.20 21 Our data revealed 
that NSCLC tissue expressed higher CCL20 (the ligand 
for CCR6), in line with high levels of CCR6 expression in 
circulating MAIT cell.6 22 Flow cytometry, ELISA, immu-
nofluorescence, analysis of scRNA- seq transcriptomic 
datasets displayed similar results. Taken together, CCR6- 
expressing MAIT cells from PBMCs could be recruited 
into the tumor lesions, which release high levels of the 
chemokine CCL20 in NSCLC patients. The chemotactic 
migration assay indicated that the CCR6- CCL20 axis 
was involved in the migration of cells into the tumors in 
NSCLC patients.

Murine MAIT cells could experience functional bifur-
cation into the IFN-γ-producing T- bet+ Th1- like or the 
IL- 17A- producing RORγt+ Th17- like sub- lineage,6 18 19 and 
Th17- polarized MAIT cells has been proposed to poten-
tially promote the progression of multiple tumors asso-
ciated with poor prognosis.44 45 More work is needed 
to characterize the features of MAIT cells in malignan-
cies. Hence, we evaluated MAIT cells from NSCLCs 
and confirmed these cells displayed an exhausted 

IL- 17A- secreting CD8+ MAIT subset with upregulated 
PD- 1 and TIM- 3, producing tumor- promoting cytokines 
like IL- 8.9 32

Exhaustion has since become evident in infections 
and tumors and is sustained by the expression of inhib-
itory receptors with changes in transcription profiles.46 
Our analyses revealed the exhausted IL- 17A- producing 
MAIT cells correlated with reduced functional capacity 
and poor prognosis. Prior studies have noted that IL- 17A 
could increase the expression of PD- L1, promote tumor 
immune escape and even boost resistance to anti- PD- 1 
therapy in HCC, ovarian cancer, and microsatellite stable 
CRC.7 33 47 IL- 8, known as a tumor- promoting factor,32 was 
also evaluated as a biomarker of response to anti- PD- 1 
immunotherapy in melanoma and NSCLC patients.8 9 
In this study, we found tumor microenvironment inflicts 
exhaustion of MAIT cells, and anti- PD- 1 therapy could 
reinvigorate MAIT cells’ antitumor effector functions. 
Accordingly, whether MAIT cells could be considered as a 
predictive marker of successful anti- PD- 1 therapy aroused 
our great interest.

Two studies shared similar results that specific MAIT 
subsets represent a potential novel prognostic correlate of 
successful ICI therapy in melanoma patients undergoing 
anti- PD- 1 therapy.21 48 Throughout the flow cytometry 
and scRNA- seq data reanalysis, we defined and observed 
that MAIT- 17s tend to enhance immunotherapy resis-
tance in NSCLC while MAIT- IFNGRs inversely predicted 
successful ICIs. We further observed expanding circ- 
MAIT- IFNGR cells with restored effector functions and 
cytotoxic capabilities in NSCLC patients responding to 
anti- PD- 1 therapy. Together with the homing properties 
of the MAIT cell, it is reasonable to confirm that the char-
acteristics of MAIT cells in the peripheral blood could be 
considered as a predictive biomarker for response rate of 
PD- 1 blockade.

As we acknowledge, some limitations associated with 
this study, such as the lack of a further meticulous mech-
anism that accounted for the alteration of MAIT cells, we 
revealed the characteristics of MAIT cells in NSCLCs and 
provided evidence of the association between different 
MAIT subsets and the response rate of ICIs in NSCLC. 
Meanwhile, because there were not enough cells we 
obtained from NSCLC patients to detect and quantify 
the characteristics of MAIT cells, the number of samples 
is not the same, despite being from the same cohort. 
Given the new techniques for expanding MAIT cells with 
antigen in vitro and vivo,19 the use of 5- OP- RU, 6- FP,49 and 
other ligands may offer the potential to further explore 
the role and mechanism of MAIT cells in the tumor 
microenvironment.
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Supplemental materials and methods 34 

Blood and tumor tissue preparation 35 

  Peripheral blood samples were collected via informed consent, and peripheral blood 36 

mononuclear cells (PBMCs) were isolated by density-gradient centrifugation using Ficoll 37 

solution (Amersham Biosciences, Uppsala, Sweden) according to standard procedures[1]. 38 

Fresh tumor tissues and para-tumor tissues were obtained immediately after surgery in 39 

Jiangsu Cancer Hospital, avoiding grossly necrotic areas. Para-tumor tissues were collected 5 40 

cm away from the cancer edge and were confirmed by 2 specialized pathologists. A portion of 41 

tissue specimens was additionally fixed with neutral buffered formalin and embedded in 42 

paraffin for immunofluorescence staining. For flow cytometry analysis, the single-cell 43 

suspension of tissue samples was prepared. Briefly, fresh tissues were dissected into small 44 

pieces of about 1 mm
3
, digested in RPMI 1640 (HyClone Laboratories, South Logan, UT, 45 

USA) supplemented with 0.05% collagenase I (Sigma-Aldrich, St. Louis, MO, USA), 0.002% 46 

DNase I (Sigma-Aldrich, St. Louis, MO, USA) at 37°C for 30 minutes. Cells were filtered 47 

through a 70μm mesh (BD Biosciences, Heidelberg, Germany) and separated by Percoll 48 

centrifugation. After washing twice, cells were then re-suspended in RPMI 1640 49 

supplemented with 10% FBS for subsequent experiments. Single-cell suspensions from 50 

blood and tissue samples were stained with fluorochrome-conjugated antibodies and then 51 

analyzed by polychromatic flow cytometry.  52 

 53 

Flow Cytometry Analysis 54 

Live/dead cell discrimination was performed using the LIVE/DEAD Zombie NIR Fixable 55 
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Viability Kit (BioLegend, USA). To stain the cell surface markers for flow cytometry analysis, 56 

cells were pretreated with Human TruStain FcX blocker (anti-CD16/32/64-Fc blocker; 57 

Biolegend, USA). Fluorescently-labeled antibodies including CD3, CD4, CD8, TCR Vα7.2, 58 

CD161, HLA-DR, CD38, PD-1, CTLA-4, TIM-3, and CCR6 were then added and incubated 59 

in the dark for 30 min at 4°C. For intracellular cytokine staining, cells were stimulated with 60 

phorbol 12-myristate 13-acetate (PMA) (Peprotech, USA), ionomycin (Peprotech), brefeldin 61 

A (Peprotech), and monensin (Peprotech) for 4h at 37°C. For the detection of proliferation, 62 

cells were washed, fixed, resuspended in 100 ul BD Transcription Factor Buffer Set (BD, 63 

USA), and stained with Ki-67 in the dark at 4°C for 45 min.  64 

Intracellular cellular staining for IFN-γ, granzyme B, IL-17A, and IL-8 was performed 65 

following surface staining, fixation, and permeabilization using the Cytofix/Cytoperm Soln 66 

Kit (BD) according to the manufacturer’s instructions. Cells were then washed and stained 67 

for 30 min at 4°C.  68 

Annexin V (Biolegend) and 7-AAD (Biolegend) were used to analyze cell apoptosis. In 69 

brief, cells were stained with CD3, CD161 and TCR Vα7.2 for 30 min at 4℃, and then 70 

stained with Annexin V and 7-AAD for 20 min. 71 

Detailed antibody information used is listed in the supplemental table S3. Data were 72 

acquired from CytoFLEX LX Flow Cytometer (Beckman Coulter, Brea, CA, USA) or FACS 73 

Aira II SORP (BD) and analyzed with FlowJo software. The gating strategy is shown in 74 

Supplemental Fig. S2A. 75 

 76 

Polychromatic Immunofluorescence 77 
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All tissue specimens were evaluated by two independent experienced pathologists. 78 

Paraffin-embedded specimens were cut into 5 μm sections and stained with hematoxylin, 79 

eosin, and immunofluorescence. Deparaffinized sections were hydrated and then incubated 80 

with anti-human CD3 mAb (1:100, Abcam, Boston, MA, USA), anti-human TCR Vα7.2 81 

mAb (1:100, Biolegend), anti-human PD-1 mAb(1:200, Abcam), anti-human CCL20 82 

mAb(1:100, Abcam), anti-human IL-17A mAb(1:500, Abcam), anti-human Granzyme B 83 

mAb(1:200, Abcam) overnight at 4°C, visualized via HRP-conjugated polyclonal goat 84 

anti-mouse or anti-rabbit IgG (Thermo Fisher) and Alexa Fluor™ 488/555/647 Tyramide 85 

SuperBoost™ Kit (Thermo Fisher). Positive cells were detected by confocal microscopy 86 

(Carl Zeiss LSM800 with NLO & Airyscan). 87 

 88 

Quantitative real-time PCR (RT-qPCR) 89 

Total RNA was extracted using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) 90 

according to the manufacturer's instructions. And then RNA was reverse transcribed into 91 

cDNA. Real-time PCR was performed using SYBR Green PCR master mix (Takara) in an 92 

ABI QuantStudio Q7 Real-Time System (Applied Biosystems, New York, USA). All results 93 

are presented in arbitrary units relative to GAPDH RNA expression using the 2
−ΔCt

 method. 94 

The specific primers used to amplify the genes are listed in Supplemental Tables S3. 95 

 96 

Cell culture 97 

Human NSCLC cell lines A549, H1299 and PC9 were originally obtained from ATCC 98 

and used after a few passages in vitro. These cancer cells were routinely cultured in DMEM 99 
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supplemented with 100 μg/ml penicillin, 100 μg/ml streptomycin, and 10% FBS (Gibco, 100 

Carlsbad, CA, USA) in a humidified incubator at 37°C and 5% CO2.  101 

 102 

Western blot 103 

NSCLC cell lines A549, H1299 and PC9 lysates were briefly sonicated for 30 s, followed 104 

by boiling for 10 min. The protein concentration of the lysates was measured in each soluble 105 

fraction using the Bradford method. Samples were subjected to SDS-PAGE (12% acrylamide 106 

gel) and transferred to PVDF (Pall, New York, NY, USA). Membranes with transferred 107 

proteins were blocked for 2 h in a 10% non-fat dry milk solution in TBS-Tween. After 108 

incubation with primary antibodies at 4°C overnight, membranes were washed and incubated 109 

for 2h with horseradish peroxidase (HRP)-labeled secondary antibody (1:10,000, Cell 110 

Signaling Technology) at room temperature. Western blots were developed with a 111 

chemiluminescent substrate (KPL). Primary antibodies used were anti-CCL20 (1:2000; 112 

Abcam). GAPDH (Cell Signaling Technology, Danvers, MA, USA;1:5000) was used as the 113 

control. 114 

 115 

MAIT cells isolation and chemotactic migration assay 116 

Human CD3
+
CD161

+TCR Vα7.2+ 
MAITs isolated from the peripheral blood 117 

mononuclear cells (PBMCs) were sorted with the FACSAria III cell sorter (BD Biosciences, 118 

San Jose, CA, USA). MAITs (1*10
5
 cells/well) were seeded in the top chamber of transwell 119 

(pore size: 5 mm) in 100 μL RPMI 1640 and the bottom chamber was added with 600 μL 120 

NSCLC conditioned supernatant medium (collected from NSCLC cell lines H1299 and PC9 121 
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which highly expressed CCL20) with or without the neutralizing antibody (anti-CCL20 122 

mAb,18 ug/ml). MAITs that have migrated to the bottom chamber were counted after 4-hours 123 

incubation using flow cytometry. 124 

 125 

Enzyme-linked immunosorbent assay (ELISA) 126 

Concentrations of the CCL20 in the tumor tissue were detected using ELISA MAX™ 127 

Deluxe Set Human CCL20 (MIP-3α) (Biolegend) according to the manufacturer’s 128 

instructions.The human CCL20 capture antibody is first coated on a 96-well plate. Standards 129 

and samples are added to the wells and CCL20 binds to the immobilized capture antibody. 130 

The microwell absorbance is read at 450 nm with a microplate reader.  131 

 132 

Analysis of single-cell RNA sequencing (scRNA-seq) databases 133 

For the analysis of MAIT cells from isolated CD3
+
 T cells in different treatment-naïve 134 

cancer types, publicly available datasets from several scRNA-seq research were downloaded, 135 

including 14 non-small cell lung cancer (GSE99254)[2], 8 breast 136 

carcinomas(GSE114725)[3], 3 renal cell carcinoma (GSE121636)[4], 5 hepatocellular 137 

Carcinoma(GSE140228)[5], 18 head and neck tumors(GSE164690)[6]. The batch effect was 138 

removed using the “harmony” package based on samples and cancer types. Each of these 139 

datasets contains gene expression profiles of single cells isolated from the peripheral blood, 140 

tumor, and para-tumor tissues of cancer patients. For the analysis of MAIT cells from NSCLC 141 

patients treated with anti-PD-1/PD-L1 therapy, the scRNA-seq database of immune cells 142 

from pre- and post-anti-PD-1 therapy NSCLC samples (GSE176022)[7] was retrieved to 143 
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identify diverse MAIT cell populations. 144 

 145 

Analysis of differential gene expression between MAIT subclusters 146 

Different subclusters of MAITs were compared by using the rich gene expression 147 

information from single cells. The same number of cells were sampled from each patient for 148 

each cell population in order to account for the variable number of cells between patients. To 149 

obtain comparable results across different cell populations, the number of cells sampled for a 150 

given population was controlled. A z-statistics was computed for each gene using Wilcoxon 151 

rank sum test on the down-sampled UMI counts from the cells of MAIT subclusters. 152 

Z-statistics Zmean for each gene was calculated by randomly repeating 100 times the sampling 153 

procedure. Zmean were converted into p values, and then multiple testing correction on the p 154 

values were performed with a standard Benjamini-Hochberg procedure and controlled for 155 

false discovery rate (FDR) q-value < 0.05. 156 

 157 

Differential composition analysis 158 

To identify responder-enriched subpopulations, we performed compositional analysis 159 

among all MAIT cells, using a tool for differential abundance testing on k-nearest neighbor 160 

(KNN) graph neighborhoods, implemented Milo(a scalable statistical framework)(v.0.99.8) 161 

https://github.com/MarioniLab/miloR[8]. 162 

In brief, we performed PCA dimensionality reduction and KNN graph embedding on the 163 

MAIT cells. We define a neighborhood as the group of cells that are connected to a sampled 164 

cell by an edge in the KNN graph. Cells are sampled for neighborhood construction using the 165 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2022-005902:e005902. 11 2023;J Immunother Cancer, et al. Shi L



7 

 

algorithm proposed previously. For each neighborhood we then perform hypothesis testing 166 

between conditions to identify differentially abundant cell states whilst controlling the FDR 167 

across the graph neighborhoods. 168 

 169 

Survival analysis 170 

For each cell subpopulation, genes that (1) showed Bonferroni-adjusted p value < 0.05. (2) 171 

showed at least 2-fold mean difference, and (3) were expressed by at least half the number of 172 

cells in this cell subpopulation were selected as signatures genes for that particular cell 173 

subpopulation[9]. We obtained a set of top 30 genes used in the bulk data to quantify the 174 

frequencies of MIAT cells (cluster 12 in figure 1B). These MAIT cell-specific signature genes 175 

are SLC4A10, RORC, CA2, IL23R, LTK, COLQ, ME1, TPBG, LL22NC03-75H12.2, 176 

B3GALT2, BLK, DPP4, TLE1, IL4I1, CCR2, CEBPD, CCL20, TSPAN15, ABCA1, ABCB1, 177 

CTSH, CYTH3, SPON1, ADAM12, MYBL1, TMIGD2, IL7R, NR1D1, PLCB1, KLRB1.  In 178 

this study, GEPIA2 (http://gepia2.cancer-pku.cn), an online tool with RNA sequencing data 179 

deriving from The Cancer Genome Atlas (TCGA) database[10], was used to evaluate the 180 

disease-free survival (DFS) of NSCLC patients using the Kaplan-Meier method with a 50% 181 

(Median) cutoff. 182 

 183 

Gene-gene correlation analysis in scRNA-seq data 184 

 To calculate the correlation between two genes in sparse scRNA-seq data, we used 185 

SAVER [11] to recover the true gene expression profile. Then spearman correlation was 186 

calculated to realize correlation analysis. 187 
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 188 

Gene enrichment analysis 189 

The gene sets of Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 190 

(KEGG) pathways were obtained from Molecular Signatures Database (MSigDB). 191 

ClusterProfiler and fmsb R package (version 3.4.0) was used to perform the gene enrichment 192 

analysis and visualization. 193 

 194 

Statistical analysis 195 

The number of biological replicates and technical repeats in each experimental group is 196 

indicated in the figure legends. Two-sided p≤0.05 was considered statistically significant. 197 

Student’s t-test or t’ test (two independent groups) or one-way ANOVA combined with 198 

multiple comparisons (more than two independent groups) or two-way ANOVA combined 199 

with multiple comparisons (more than two independent groups and two factors) were used to 200 

test the significance of continuous variables. Mann-Whitney U test (two independent groups) 201 

or rank-transformed one-way ANOVA test combined with multiple comparisons (more than 202 

two independent groups) or rank-transformed two-way ANOVA combined with multiple 203 

comparisons (more than two independent groups and two factors) were also used when the 204 

application conditions of parameter test were not satisfied. Paired-sample t-test or Wilcoxon 205 

rank-sum test were applied in the paired-design condition. Cox proportional hazards 206 

regression model was used to calculate HR (Hazard Ratio) and 95% confidence interval (95% 207 

CI). All statistical analyses were performed using R (version 3.4.0) unless indicated 208 

otherwise.209 
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Supplemental figures and legends 210 

211 

Supplemental Figure S1. The abundance and transcriptional profiles of MAIT cells in 212 

patients with multiple cancer species based on scRNA-seq data. A, UMAP plot displaying 10 213 

clusters identified based on gene expression levels of CD3
+
 T cells in ascites, peripheral 214 

blood, lymph node, tumor, and para-tumor tissues from patients with multiple cancer species, 215 

including breast cancer (n=8), hepatocellular carcinoma (HCC) (n=5), head-neck squamous 216 

cell carcinoma (HNSCC) (n=19), NSCLC (n=14), and kidney cancer (n=3). Cells are colored 217 
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according to the 10 clusters defined in an unsupervised manner. B, Expression of SLC4A10 in 218 

CD3
+
 T cells from ascites, peripheral blood, lymph node, tumor, and para-tumor tissues of 219 

patients with multiple cancer species. C, Dot plot for markers characterizing MAIT cells with 220 

tumor-homing properties in patients with multiple cancer species. The color intensity of each 221 

dot corresponds to the average gene expression across all cells in each cluster. D, Relative 222 

frequencies of MAIT cells in ascites, peripheral blood, lymph node, tumor and para-tumor 223 

tissues of patients with multiple cancer species. E, The top 10 enriched KEGG pathway of 224 

tumor enriched genes in MAIT cells from patients with multiple cancer species.225 
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226 

Supplemental Figure S2. CD8
+
 MAITs were enriched in tumor tissues. A, Gating strategies 227 

to define MAIT cells (CD3
+
 CD161

+
 TCR Vα7.2

+
) by flow cytometry in tumor and 228 

para-tumor tissues of NSCLC patients. B, Quantification of MAIT cells in paired tumor and 229 

para-tumor tissues of NSCLC patients(n=9). C, Representative plots of MAIT cell subsets 230 

(gated on CD3
+
 CD161

+
 TCR Vα7.2

+
) in tumor and para-tumor tissues of NSCLC patients. D, 231 

MAIT cell subset composition in tumor and para-tumor tissues of NSCLC patients. Statistical 232 

significance was calculated via Mann–Whitney U test.233 
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234 

Supplemental Figure S3. Expression of CCL20 in MAIT cells from patients with multiple 235 

cancer species. A, Representative immunofluorescence staining for CD3 and TCR Vα7.2 on 236 

paraffin-embedded specimens from multiple cancer species, including esophageal carcinoma 237 

(ESCA), stomach adenocarcinoma (STAD), and colorectal cancer (CRC). Scale bar, 50μm. 238 

B-E, Relative expressions of chemokines that recruit MAIT cells in tumor and para-tumor of 239 
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patients with ESCA (B), STAD (C), CRC (D), and NSCLC (E) based on TCGA database.240 
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241 

Supplemental Figure S4. The proliferation or apoptosis capacity and expression of homing 242 
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receptors in MAIT cells. A, Representative plots of Ki-67 expression in MAIT cells from 243 

peripheral blood of healthy donors and NSCLC patients and its summary data (HD, n=14; 244 

NSCLC, n=15). B, Representative Annexin V/7-ADD plots that demonstrate the percentage 245 

of apoptotic MAIT cells in peripheral blood of healthy donors and NSCLC patients and its 246 

summary data (HD, n=14; NSCLC, n=15). C, t-Distributed Stochastic Neighbor Embedding 247 

(t-SNE) plot displaying 3 subclusters identified on the basis of gene expression levels of 248 

MAIT cells in peripheral blood, tumor, and para-tumor tissues from NSCLC patients (14 249 

patients from GSE99254 and 11 patients from GSE162498). Cells are colored according to 250 

the 3 clusters defined in an unsupervised manner. D and E, Expression of CCR6 in MAIT 251 

cells from peripheral blood, tumor and para-tumor tissues of NSCLC patients (D) and their 252 

summary data (E). F, Feature plots of selected homing receptor genes for MAIT subclusters, 253 

including CXCR6, CXCR4, CCR4, CCR5, and ITGA4 (encoding CD49d). G, Representative 254 

plots of CCR6
+ 

MAIT cells in paired tumor and para-tumor tissues of NSCLC patients (n=14) 255 

and its summary data. H, The expression of CD8 or CD4 in CCR6
+
 MAIT cells from paired 256 

NSCLC tumor and para-tumor tissues (n=10). I, Representative plots of CCR6 expression in 257 

MAIT cells from peripheral blood of healthy donors and NSCLC patients and its summary 258 

data (HD, n=9; NSCLC, n=11). J, The expression of CD8 or CD4 in CCR6
+
 MAIT cells (HD, 259 

n=9; NSCLC, n=11). K, Western blot shows CCL20 protein levels in NSCLC cell lines 260 

(A549, H1299, and PC9). The GAPDH level is shown as a loading control. The upper and 261 

lower ends of the boxes represented interquartile range of values. The lines in the boxes 262 

represented median value. Statistical significance was calculated via Mann–Whitney U test.263 
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264 

Supplemental Figure S5. The abundance and composition of MAIT cells in peripheral blood 265 

from patients with multiple cancer species. A and B, Representative plots of peripheral MAIT 266 

cell subsets (gated on CD3
+
 CD161

+
 TCR Vα7.2

+
) from healthy donors (HD) (n=24) and 267 

patients with NSCLC (n=105), ESCA (n=20), STAD (n=16), and CRC (n=14) and its 268 

summary data. C, MAIT cell subset composition in peripheral blood of HD and patients with 269 

NSCLC, ESCA, STAD, and CRC. The upper and lower ends of the boxes represented 270 

interquartile range of values. The lines in the boxes represented median value. Statistical 271 

significance was calculated via Mann–Whitney U test or one-way ANOVA and Tukey 272 
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multiple comparison tests. 273 
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274 

Supplemental Figure S6. Functional phenotype of MAIT cells from PBMCs of NSCLC 275 

patients. A, Expression of the immune inhibitory molecule CTLA-4 on MAIT cells from 276 

PBMCs of HD and NSCLC patients detected by FCM (gated on CD3
+
 CD161

+
 TCR Vα7.2

+
) 277 

and its summary data. (HD, n=16; NSCLC, n=61). B and C, Expression of effector molecules 278 

granzyme B and IL-8 in MAIT cells from PBMCs of HD and NSCLC patients detected by 279 

FCM (gated on CD3
+
 CD161

+
 TCR Vα7.2

+
) after stimulated with PMA and ionomycin for 4 280 

hours and their summary data. (HD, n=11; NSCLC, n=52). D, Heatmap showing Spearman 281 

correlation among genes including IFNG (encoding IFN-γ), IL17A, HAVCR2 (encoding 282 

TIM-3) and PDCD1 (encoding PD-1). E, Spearman correlations between IFN-γ production 283 
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and differential PD-1 expression using FCM. F, Spearman correlations between IL-17 284 

production and PD-1
+
 TIM-3

+
 MAIT cells using FCM analysis. The upper and lower ends of 285 

the boxes represented interquartile range of values. The lines in the boxes represented median 286 

value. Statistical significance was calculated via Mann–Whitney U test. 287 
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288 

Supplemental Figure S7. Functional phenotype of MAIT cells from PBMCs of patients with 289 

multiple cancer species. A-I, Quantification of CD38
+
 (A), HLA-DR

+
 (B), PD-1

+
 (C), 290 

TIM-3
+
 (D), CTLA-4

+
 (E), IFN-γ+

 (F), Granzyme B
+
 (G), IL-17A

+
 (H), IL-8

+
 (I) MAIT cells 291 

in peripheral blood of healthy donors (HD) and patients with NSCLC, ESCA, STAD, and 292 

CRC. HD, n=16; NSCLC, n=61; ESCA, n=20; STAD, n=16; CRC, n=14. The upper and 293 

lower ends of the boxes represented interquartile range of values. The lines in the boxes 294 

represented median value. Statistical significance was calculated via Mann–Whitney U test or 295 

one-way ANOVA and Tukey multiple comparison tests. 296 
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297 

Supplemental Figure S8. Functional phenotype of tumor-infiltrating MAIT cells of NSCLC 298 

patients. A, Scheme of the study design. Flow cytometry and immunofluorescence were 299 

applied to analyze MAIT cells activation status and functions in tumor and para-tumor tissues 300 

of NSCLC patients. B, Expression of the activation marker HLA-DR on MAIT cells from 301 

tumor and para-tumor tissues of NSCLC patients detected by FCM (gated on CD3
+
 CD161

+
 302 
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TCR Vα7.2
+
) and its summary data (Para-tumor, n=27; Tumor, n=30). C, Expression of 303 

CTLA-4 on MAIT cells from tumor and para-tumor tissues of NSCLC patients detected by 304 

FCM (gated on CD3
+
 CD161

+
 TCR Vα7.2

+
) and its summary data (Para-tumor, n=27; Tumor, 305 

n=34). D, Expression of IL-8 in MAIT cells from tumor and para-tumor tissues of NSCLC 306 

patients detected by FCM (gated on CD3
+
 CD161

+
 TCR Vα7.2

+
) after stimulated with PMA 307 

and ionomycin for 4 hours and its summary data (Para-tumor, n=27; Tumor, n=30). E-M, 308 

Quantification of CD38
+
 (E), HLA-DR

+
 (F), PD-1

+
 (G), TIM-3

+
 (H), CTLA-4

+
 (I), IFN-γ+

 309 

(J), Granzyme B
+
 (K), IL-17A

+
 (L), IL-8

+
 (M) MAIT cells in paired tumor and para-tumor 310 

tissues of NSCLC patients (n=15). The upper and lower ends of the boxes represented 311 

interquartile range of values. The lines in the boxes represented median value. Statistical 312 

significance was calculated via Mann–Whitney U test. 313 
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314 

Supplemental Figure S9. Frequency and functional alterations of circulating MAIT cells in 315 

NSCLC patients pre- or post-anti-PD-1 therapy. A, The frequency of MAIT cells in the 316 

peripheral blood (pre-treatment, n=23; post-treatment, n=38). Expression of CD38 (B), 317 

HLA-DR (C), PD-1 (D), TIM-3(E), CTLA-4(F), IFN-γ (G), Granzyme B (H), IL-17A (I), 318 

IL-8 (J), CD4(G) or CD8(H) in MAIT cells from peripheral blood and their summary data. K, 319 

MAIT cells from peripheral blood of pre-treatment NSCLC patients, progressive disease 320 
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(PD), stable disease (SD), and complete response or partial response (CR/PR). The upper and 321 

lower ends of the boxes represented interquartile range of values. The lines in the boxes 322 

represented median value. Statistical significance was calculated via Mann–Whitney U test or 323 

one-way ANOVA and Tukey multiple comparison tests.324 
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325 

Supplemental Figure S10. MAIT-IFNGR and MAIT-17 signatures detected by flow 326 

cytometry and immunofluorescence. A, Quantification of miloR analysis in the abundance of 327 

MAIT cells between responders and non-responders. B, Representative plots of IFN-γR 328 

expression in MAIT cells from tumor tissues of NSCLC patients who received anti-PD-1 329 

therapy and its summary data (NR, n=17; R, n=14). C, Representative plots of PD-1 330 

expression in MAIT cells from tumor tissues of NSCLC patients who received anti-PD-1 331 
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therapy and its summary data (NR, n=31; R, n=33). D, Representative responding tumor 332 

lesion stained with anti-CD3, TCR Vα7.2, PD-1 and IL-17A. Positive cells were detected by 333 

confocal microscopy on 20x. E, Representative immunofluorescence non-responding tumor 334 

lesion stained with anti-CD3, TCR Vα7.2, Granzyme B. Scale bar, 20μm. 335 

 336 
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Supplemental tables 

 

Supplemental table S1: The demographic and clinical characteristics of pan-cancer, NSCLC patients, and healthy donor cohorts. 

Characteristics 

Pan-cancer Cohort
 a
  NSCLC Cohort 

b 
 HD Cohort 

CRC ESCA STAD  Blood Tissue  
(N=24) 

(N=14) (N=20) (N=16)  (N=105) (N=90)  

Age (Year)              

Mean (SD) 58.7 (9.12) 67.1 (7.81) 54.6 (13.8)  62.8 (9.99) 64.0 (8.59)  61.1 (7.80) 

Sex              

Female 5 (35.7%) 3 (15.0%) 6 (37.5%)  31 (29.5%) 31 (34.4%)  10 (41.7%) 

Male 9 (64.3%) 17 (85.0%) 10 (62.5%)  74 (70.5%) 59 (65.6%)  14 (58.3%) 

ECOG Status
 c
              

0 6 (42.9%) 6 (30.0%) 5 (31.3%)  23 (21.9%) 57 (63.3%)  NA 

1 8 (57.1%) 14 (70.0%) 10 (62.5%)  74 (70.5%) 33 (36.7%)  NA 

2 0 (0%) 0 (0%) 1 (6.3%)  8 (7.6%) 0 (0%)  NA 

M Stage              

0 5 (35.7%) 10 (50.0%) 5 (31.3%)  29 (27.6%) 89 (98.9%)  NA 

1 9 (64.3%) 10 (50.0%) 11 (68.8%)  76 (72.4%) 1 (1.1%)  NA 

cTNM Stage              

I 0 (0%) 0 (0%) 0 (0%)  5 (4.8%) 32 (35.6%)  NA 

II 1 (7.1%) 1 (5.0%) 3 (18.8%)  5 (4.8%) 43 (47.8%)  NA 

III 4 (28.6%) 9 (45.0%) 2 (12.5%)  19 (18.1%) 14 (15.6%)  NA 

IV 9 (64.3%) 10 (50.0%) 11 (68.8%)  76 (72.4%) 1 (1.1%)  NA 

Metastatic Status              

No 1 (7.1%) 1 (5.0%) 0 (0%)  7 (6.7%) 67 (74.4%)  NA 

Yes 13 (92.9%) 19 (95.0%) 16 (100%)  98 (93.3%) 23 (25.6%)  NA 

a: CRC: Colorectal cancer; ESCA: Esophageal carcinoma; STAD: Stomach adenocarcinoma; NSCLC: Non-small cell 

lung cancer; HD: Healthy donor. 

b: 186 NSCLC patients were enrolled in this study, including blood collected from 105 patients and lung tissue from 90 

patients, of which blood and tissue were both collected from 9 patients. In addition, lung tissue include 84 tumor and 78 

para-tumor samples. 

c: Eastern Cooperative Oncology Group (ECOG) performance status scores range from 0 to 5, with 0 indicating no 

symptoms and higher scores indicating greater disability. 
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Supplemental table S2: The demographic and clinical characteristics of NSCLC patients pre- and post- 

immunotherapy. 

Characteristics 
Pre-Immunotherapy Post-Immunotherapy Total 

(N=35) (N=70) (N=105) 

Age (Year)       

Mean (SD) 63.8 (10.4) 62.3 (9.81) 62.8 (9.99) 

Sex       

Female 13 (37.1%) 18 (25.7%) 31 (29.5%) 

Male 22 (62.9%) 52 (74.3%) 74 (70.5%) 

ECOG Status 
a
       

0 10 (28.6%) 13 (18.6%) 23 (21.9%) 

1 22 (62.9%) 52 (74.3%) 74 (70.5%) 

2 3 (8.6%) 5 (7.1%) 8 (7.6%) 

Smoking Status       

No 25 (71.4%) 26 (37.1%) 51 (48.6%) 

Yes 10 (28.6%) 44 (62.9%) 54 (51.4%) 

Histological Subtypes       

Adenocarcinoma 23 (65.7%) 45 (64.3%) 68 (64.8%) 

Squamous carcinoma 10 (28.6%) 21 (30.0%) 31 (29.5%) 

Others
 b

 2 (5.7%) 4 (5.7%) 6 (5.7%) 

cTNM Stage       

I 5 (14.3%) 0 (0%) 5 (4.8%) 

II 4 (11.4%) 1 (1.4%) 5 (4.8%) 

III 5 (14.3%) 14 (20.0%) 19 (18.1%) 

IV 21 (60.0%) 55 (78.6%) 76 (72.4%) 

Objective Response       

CR NA 1 (1.4%) 1 (1.0%) 

PR NA 28 (40.0%) 37 (35.2%) 

SD NA 19 (27.1%) 30 (28.6%) 

PD NA 22 (31.4%) 27 (25.7%) 

EGFR Mutation       

Negative 13 (37.1%) 37 (52.9%) 50 (47.6%) 

Positive 13 (37.1%) 10 (14.3%) 23 (21.9%) 

Unknown 9 (25.7%) 23 (32.9%) 32 (30.5%) 

PD-1 or PD-L1 Mutation       

Negative 15 (42.9%) 28 (40.0%) 43 (41.0%) 

Positive 4 (11.4%) 15 (21.4%) 19 (18.1%) 

Unknown 16 (45.7%) 27 (38.6%) 43 (41.0%) 

Metastatic Status       

No 6 (17.1%) 1 (1.4%) 7 (6.7%) 

Yes 29 (82.9%) 69 (98.6%) 98 (93.3%) 

Metastatic Sites       

None 6 (17.1%) 1 (1.4%) 7 (6.7%) 

Lymph node 8 (22.9%) 14 (20.0%) 22 (21.0%) 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2022-005902:e005902. 11 2023;J Immunother Cancer, et al. Shi L



29 

 

Solitary Organ Metastasis
 c
 4 (11.4%) 6 (8.6%) 10 (9.5%) 

Multi-metastasis
 d

 17 (48.6%) 49 (70.0%) 66 (62.9%) 

a: Eastern Cooperative Oncology Group (ECOG) performance status scores range from 0 to 5, with 0 indicating no 

symptoms and higher scores indicating greater disability. 

b: Other histological subtypes include sarcomatoid carcinoma and lymphoepithelioma-like carcinoma. 

c: Tumor metastasis involves a single solitary organ, such as brain, liver, lung, bone, pleura, adrenal gland, etc. 

d: Tumor metastasis involves at least two solitary organs among brain, liver, lung, bone, pleura, adrenal gland, etc. 
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Supplemental table S3: Reagent and antibody list.  

REAGENT or RESOURCE SOURCE IDENTIFIER 

μl used (in 

a volume 

of 100μl) 
FITC anti-human CD3  Biolegend Cat#300406 0.6 

PerCP/Cy5.5 anti-human CD161  Biolegend Cat#339908 2.5 

PE anti-human TCR Va7.2  Biolegend Cat#331210 1.25 

Purified anti-human TCR Va7.2  Biolegend Cat#351702 1 

PE/dazzale594 anti-human IL-17A  Biolegend Cat#512336 2.5 

APC anti-human IL-17A  Biolegend Cat#512333 2.5 

PE anti-human IL-8  Biolegend Cat#511408 1.25 

PE/Cyanine7 anti-human Granzyme B  Biolegend Cat#372214 2.5 

AF647 anti-human Granzyme B  Biolegend Cat#372204 2.5 

BV785 anti-human CTLA-4  Biolegend Cat#369624 5 

PE/dazale594 anti-human CTLA-4  Biolegend Cat#369616 5 

APC anti-human TIM-3  Biolegend Cat#345012 5 

BV650 anti-human TIM-3  Biolegend Cat#345028 5 

PE/dazzale594 anti-human HLA-DR  Biolegend Cat#307654 1.25 

PE/Cyanine5 anti-human CD38  Biolegend Cat#303508 1.25 

PE anti-human CD119 (IFN-γR)  Biolegend Cat#506507 2.5 

PerCP/Cy5.5 anti-human CD8  Biolegend Cat#344710 1.25 

BV786 anti-human Ki-67 BD Pharmingen Cat#563756 5 

BV605 anti-human CD161  BD Pharmingen Cat#747762 2.5 

BV510 anti-human-TCR Va7.2 BD Pharmingen Cat#749492 1.25 

BV711 anti-human-IFN-γ  BD Pharmingen Cat#564793 2.5 

BV421 anti-human-CD279 (PD-1) BD Pharmingen Cat#564323 2.5 

PE-Cy7 anti-human-HLA-DR  BD Pharmingen Cat#560651 1.25 

BV421 anti-human-CD38  BD Pharmingen Cat#562444 1.25 

PE-Cy7 anti-human-CD4  BD Pharmingen Cat#557852 1.25 

BV605 anti-human CD196 (CCR6) Biolegend Cat#353420 2.5 

7-AAD Biolegend Cat#420404 2.5 

APC Annexin V  Biolegend Cat#640920 2.5 

Zombie NIR™ Fixable Viability Kit Biolegend Cat#423106 1.25 

Human TruStain FcX™ (Fc Receptor Blocking Solution) Biolegend Cat#422302 5 

Brefeldin A Peprotech(Biogems) Cat#2031560-25mg  

Ionomycin Calcium Salt Peprotech(Biogems) Cat#5608212-10mg  

Monensin Peprotech(Biogems) Cat#2237803-10g  

Phorbol 12-myristate 13-acetate(PMA) Peprotech(Biogems) Cat#1652981-1mg  

Cytofix/Cytoperm Soln Kit BD Cat#554714  

Transcription Factor Buffer Set BD Cat#562574  

polyclonal rabbit Anti-human IL-17A Abcam Cat#ab79056  

monoclonal rabbit Anti-human CD3 Abcam Cat#ab135372  

monoclonal rabbit Anti-human Granzyme B  Abcam Cat#ab255598  
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monoclonal mouse Anti-human PD-1 Abcam Cat#ab52587  

monoclonal rabbit Anti-human CCL20(MIP-3α) Abcam Cat#ab9829  

ELISA MAX™ deluxe set human CCL20 (MIP-3α) Biolegend Cat#441404  

Stop Solution for TMB Substrate Biolegend Cat#423001  

CCL5: 

Forward Primer: TGCTGCTTTGCCTACATTGC 

Reverse Primer: CATCCTTGACCTGTGGACGA 

This paper N/A 

 

CCL3: 

Forward Primer: ACCAGTTCTCTGCATCACTTGC   

Reverse Primer: TGGCTGCTCGTCTCAAAGTAG   

This paper N/A 

 

CCL4: 

Forward Primer: CTGTGCTGATCCCAGTGAATC 

Reverse Primer: TCAGTTCAGTTCCAGGTCATACA 

This paper N/A 

 

CCL8: 

Forward Primer: CTTGCTCAGCCAGATTCAGTT 

Reverse Primer:  GACCCATCTCTCCTTGGGGT 

This paper N/A 

 

CCL20: 

Forward Primer: TGCTGTACCAAGAGTTTGCTC 

Reverse Primer: CGCACACAGACAACTTTTTCTTT 

This paper N/A 

 

CXCL16: 

Forward Primer: GACATGCTTACTCGGGGATTG 

Reverse Primer: GGACAGTGATCCTACTGGGAG 

This paper N/A 

 

CCL2: 

Forward Primer: TCCCAAAGAAGCTGTGATCTTCA   

Reverse Primer: TCTGGGGAAAGCTAGGGGAA   

This paper N/A 

 

CCL22: 

Forward Primer: ATCGCCTACAGACTGCACTC 

Reverse Primer: GACGGTAACGGACGTAATCAC 

This paper N/A 

 

CCL7: 

Forward Primer: TGGAGAGCTACAGAAGGACCA 

Reverse Primer: GGTCAGCACAGATCTCCTTGT 

This paper N/A 

 

CXCL12: 

Forward Primer: ATTCTCAACACTCCAAACTGTGC 

Reverse Primer: ACTTTAGCTTCGGGTCAATGC 

This paper N/A 
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Supplemental table S4: KEGG analysis of MAIT enriched genes in tumor tissue. 

ID Description GeneRatio p-value 

hsa00190 Oxidative phosphorylation 25/179 6.61E-17 

hsa05415 Diabetic cardiomyopathy 27/179 2.36E-14 

hsa05014 Amyotrophic lateral sclerosis 30/179 2.18E-10 

hsa03040 Spliceosome 18/179 2.58E-09 

hsa04714 Thermogenesis 22/179 5.44E-09 

hsa04260 Cardiac muscle contraction 13/179 4.20E-08 

hsa04380 Osteoclast differentiation 13/179 3.98E-06 

hsa04657 IL-17 signaling pathway 10/179 3.57E-05 

hsa05140 Leishmaniasis 9/179 4.18E-05 

hsa04210 Apoptosis 11/179 0.000182032 
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Supplemental table S5: KEGG analysis of MAIT enriched genes in Para-tumor tissue. 

ID Description GeneRatio p-value 

hsa04514 Cell adhesion molecules 10/102 2.36E-05 

hsa04621 NOD-like receptor signaling pathway 7/102 0.007918106 

hsa04650 Natural killer cell mediated 

cytotoxicity 

6/102 0.005744423 

hsa04145 Phagosome 6/102 0.011570322 

hsa04612 Antigen processing and presentation 5/102 0.002792555 

hsa05133 Pertussis 4/102 0.014673622 

hsa05140 Leishmaniasis 4/102 0.015333041 

hsa04658 Th1 and Th2 cell differentiation 4/102 0.027512704 

hsa04666 Fc gamma R-mediated phagocytosis 4/102 0.032563317 
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Supplementary Table S6: Top 200 Significantly altered genes between MAIT-17 and MAIT-IFNGR subsets. 

Cluster 0 (MAIT-IFNGR) vs. Cluster 1 (MAIT-17) 

RESOURCE: GSE176022, Caushi et al., Nature (2021) 

Gene Name log2 fold change log((-log10 q value) + 1) 

TYROBP 2.933507809 3.074509062 

GNLY 2.876096928 3.237573385 

KLRD1 2.807157118 3.660199398 

S100B 2.599278893 2.779711879 

TRBV18 2.465455882 2.525876914 

GZMK 2.090313975 4.562338015 

FEZ1 2.017275485 3.244316259 

TRDV2 1.921067752 2.369453656 

SELL 1.842892268 2.735970341 

TRGV9 1.819207793 2.368618611 

AOAH 1.803976987 3.457682126 

S1PR1 1.779647401 2.926202108 

GZMB 1.699882816 2.417518768 

CCL4 1.559621977 3.472529435 

TNFRSF4 1.540626479 1.930805029 

S1PR5 1.514147761 3.045273164 

CCL3 1.443252394 2.040239797 

TRAV13-1 1.434757208 1.932886248 

CCL4L2 1.433704223 1.603309431 

CD4 1.430723889 2.343296094 

KLRG1 1.406605784 3.513135021 

CD300A 1.37712885 2.389416408 

LINC00861 1.357374068 2.645892981 

PRF1 1.343562372 3.813280767 

VAV3 1.321338088 2.463840517 

CST7 1.310827751 4.291701055 

C1orf21 1.286751963 2.359726258 

IGFBP4 1.285425582 2.130751683 

IL12RB2 1.2806512 2.392225504 

PLEK 1.232221491 2.202894478 

IFNG 1.22122942 1.063004075 

CD27 1.219796363 2.673651987 

BCL2A1 1.21546628 2.584852773 

TRAV10 1.207457984 2.280797653 

ARID5B 1.171505609 2.452109909 

FAM69A 1.154409826 2.243713353 

RIPOR2 1.15162217 2.861470261 

TNFSF14 1.149430799 2.484762863 

PMAIP1 1.139353048 2.960699695 

GZMH 1.136749665 1.600000741 
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SAMD3 1.122774177 2.393844973 

TRGV5 1.11955859 1.892013531 

NKG7 1.102768249 3.396781419 

CMC1 1.090026535 2.248726322 

COMMD2 1.079019671 2.329386971 

SH2D1A 1.076424593 2.763573038 

DDX19A 1.07287978 2.251809186 

PECAM1 1.05925156 1.823630122 

CD5 1.055405455 2.753339846 

DUSP2 1.02746934 3.738577088 

TMEM131L 1.015041795 2.163420566 

CNN2 1.014639481 3.264348464 

FAM173A 1.006836281 2.192603106 

EPHA4 1.003515352 2.132070987 

YES1 0.997985864 2.045968074 

BEX2 0.997536411 2.251288163 

SETD1B 0.995457715 2.11214649 

SPTBN1 0.991794247 2.017219606 

GIMAP4 0.988656165 2.109981067 

BACH2 0.985365575 2.415989506 

TTC39B 0.970934524 2.095450659 

TSHZ1 0.963295683 1.96030223 

MIIP 0.962937071 2.131421036 

EIF3J-DT 0.960362112 1.952321034 

BID 0.95651757 2.184330617 

PTGDR 0.944249766 1.935520788 

UTP3 0.94347646 2.048937235 

IFIH1 0.943389537 1.727499856 

CXCR3 0.935094904 2.066105491 

LYAR 0.932388745 2.864071854 

CCL5 0.928958732 3.959998361 

ZDHHC5 0.924253197 2.097322718 

CCL3L1 0.920726675 1.477082243 

METTL4 0.916110086 1.980414107 

SP4 0.915007452 2.083286562 

GSE1 0.914385469 1.901825795 

HNRNPLL 0.910242522 2.319926156 

KLF3 0.905344139 2.746828672 

THEMIS 0.902484214 2.387203395 

GPCPD1 0.900931129 2.581161426 

MAP3K8 0.900558531 2.691653834 

LITAF 0.89668807 3.636236484 

EOMES 0.895984759 1.999973395 

UNC50 0.891732781 1.999833437 
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LPCAT1 0.8861129 2.016435107 

TXK 0.882152016 2.039111613 

ZNF101 0.881394334 1.876936044 

SIPA1 0.874462223 2.178940309 

CLCF1 0.868757283 1.949998885 

ADRB2 0.867778004 2.49500511 

LMNB1 0.857751409 1.56966655 

GBP4 0.851999837 1.968531341 

TMEM120B 0.849463403 1.898012079 

PLAC8 0.844323289 2.020052996 

IFI6 0.842523082 1.435275814 

C16orf87 0.842498161 1.981296453 

GZMA 0.839082541 3.586498065 

HSPA1A 0.837905653 1.08872074 

LRIG1 0.834454962 1.770707744 

KLF2 0.829796922 2.331447909 

ARHGAP25 0.829129304 2.033676262 

TAOK3 0.826884206 1.987009634 

CD6 0.822808746 3.081204995 

GZMM 0.819864487 2.90351465 

MX2 0.811688848 1.812470216 

LATS1 0.811385364 2.106800228 

GALM 0.809197506 2.30761064 

HELQ 0.809194031 1.921518116 

PDE3B 0.808167214 2.59011888 

FEN1 0.803342962 1.740102053 

TRBV19 0.802588504 1.303242493 

CNOT3 0.801084691 1.619719829 

XAB2 0.800732343 2.059872689 

P2RY8 0.799497435 2.598302515 

SLA2 0.798896442 2.353576631 

LYST 0.796743321 1.990751248 

KLHDC4 0.795040868 1.916777824 

PILRB 0.794621749 1.749664451 

CMTM7 0.793645275 1.893655271 

FH 0.791763275 1.810738412 

DAZAP1 0.786409012 1.911433587 

EDRF1 0.781116183 1.8761638 

CLN8 0.777656101 1.730494121 

ABCG1 0.775097641 2.2272623 

MED6 0.772118777 2.007627276 

BST2 0.768686462 2.189900824 

SATB1 0.768677241 2.793691504 

CCNB1IP1 0.767613125 1.713479489 
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ZNF106 0.767294976 1.80744233 

U2AF1L4 0.766671166 1.820222242 

TRAPPC10 0.759385663 1.532659459 

SIRPG 0.759085017 1.897206249 

COL6A2 0.757807462 1.216432146 

PRKCB 0.757557508 1.889384108 

SERGEF 0.757060301 1.78477574 

ZNF841 0.756437254 1.774452138 

TGFBR3 0.756031009 1.891560998 

SHMT2 0.75041954 1.859244741 

FRS2 0.747738399 1.684110889 

ZBP1 0.743719892 1.635374315 

ITGAL 0.739316262 2.043025273 

RB1CC1 0.737200278 2.063247713 

PIK3R1 0.735038708 2.592407588 

RASA3 0.734486006 2.172621514 

TRMO 0.73431372 1.999749505 

AF213884.3 0.733432305 1.650624398 

MAD1L1 0.732815579 1.810903984 

GGA2 0.732475948 1.981553488 

CHST7 0.731196795 1.416934411 

S1PR4 0.729723719 2.221275574 

RGPD2 0.728598069 1.814086261 

FAAH2 0.726746303 1.465758204 

RASSF3 0.716557187 1.548255205 

MSL1 0.716217306 1.498950487 

NAB1 0.715858393 1.678575038 

ADD3 0.715771214 1.748730307 

BTN3A2 0.715685624 2.098838138 

ARHGAP26 0.715339214 1.403349553 

MAN1B1 0.715299662 1.69086921 

TBX21 0.71494787 1.801055357 

LETM1 0.710433551 1.494828163 

YARS 0.709719644 1.794549764 

ARAP2 0.70737675 2.179120014 

ITGA5 0.706838916 1.757334374 

NBDY 0.706132117 2.204434003 

SPG11 0.704494305 1.532656266 

CARD19 0.703011148 1.572968618 

PSME4 0.701422679 1.623420661 

MRPL23 0.697110973 1.581675596 

EIF4EBP1 0.696375083 1.701042114 

AGTRAP 0.696192893 1.650541002 

DNTTIP1 0.696080294 1.648634368 
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AC025171.3 0.694856825 1.455182439 

SOCS4 0.691932492 1.74170097 

TAF1 0.691141091 1.589912697 

ANKRD49 0.691071014 1.634444475 

C1orf122 0.688889357 1.505680976 

CYTOR 0.687701394 1.501105195 

NFATC3 0.687389646 1.67980219 

TXNIP 0.682552415 1.977191232 

FAM162A 0.680444294 2.009005084 

NGFR 0.677527059 1.765302853 

GOSR1 0.675567479 1.670598631 

TSPAN5 0.674731779 1.786516232 

FCMR 0.67432069 2.114327396 

H2AFJ 0.673125094 1.88083409 

CDK10 0.672054446 1.562742703 

MAP3K3 0.670966434 1.638222401 

CORO1B 0.670427204 1.62913742 

FLOT1 0.664947563 1.522560448 

CAMK2D 0.662684075 1.701394603 

KXD1 0.660943588 1.681445167 

SH2D3A 0.659657158 1.642685279 

MIOS 0.658572302 1.530481752 

PSTPIP1 0.656428169 2.03874971 

INPP4B 0.654080138 1.529372655 

BTN3A3 0.653688979 1.55112079 

SPON2 0.653292281 1.861265296 

NMT1 0.651847823 1.596204075 

ZBTB2 0.647106214 1.411136405 

CCDC184 -0.658503845 1.265937995 

ID2 -0.659295448 2.722334718 

ZEB2 -0.659607971 1.999372901 

AMPD2 -0.659745982 1.937552851 

NDRG1 -0.659873005 1.703709886 

TARS -0.660199725 1.61211894 

DYNLL1 -0.660671919 2.972884641 

MIS12 -0.660780525 1.74372528 

KIAA0040 -0.660874834 1.689359229 

CACNA2D4 -0.662061874 1.582503163 

DNPH1 -0.662514509 1.304216433 

MYADM -0.665942172 2.903963571 

ALDOC -0.66766128 1.500110861 

WDFY2 -0.668264758 1.522794167 

LACTB -0.669997942 0.962858295 

TIMP1 -0.670465497 1.524311664 
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S100A6 -0.673870856 3.206051884 

LAX1 -0.67441212 1.651851629 

PPP1R16B -0.675160047 1.920127773 

TMEM245 -0.676726525 1.355542974 

PLEC -0.677400492 1.903123171 

RFTN1 -0.67747249 1.891033804 

B9D2 -0.680346263 1.715624909 

TMEM167A -0.68630106 1.707740058 

NCR3 -0.686473903 2.523995641 

PERP -0.686963232 2.063586657 

UBASH3B -0.688211414 1.544863701 

PPP1R10 -0.689466032 2.588076947 

KIF21A -0.691172382 1.787474888 

GAK -0.691783105 1.879990037 

FNDC3B -0.692021385 1.131098578 

PIGX -0.694608457 1.103205932 

SLC4A7 -0.696186162 1.451741573 

STRN -0.698007731 1.657129021 

MYO9B -0.698673918 1.567063311 

CXCR6 -0.703535687 2.245265924 

CNBD2 -0.704945808 1.679818492 

TAF1B -0.70563854 1.679554134 

DUSP4 -0.709355344 2.044138447 

AKAP13 -0.709484671 2.490931284 

FSD1 -0.711779789 1.708144668 

ADAM12 -0.715350158 1.692833912 

MCM6 -0.715494941 1.871640068 

EIF3B -0.71640175 1.785293495 

NDUFV2 -0.717687813 2.575205942 

PPP3CA -0.72000656 2.090427659 

BTBD7 -0.724662019 1.544191198 

POLR1E -0.728295474 1.467602902 

DUSP6 -0.731064238 1.592067978 

GGCT -0.734815325 1.762183301 

NMRK1 -0.735114529 1.871828461 

CD84 -0.737749843 1.410317236 

ZMAT3 -0.738922476 1.714419696 

RFXAP -0.738950597 1.640739869 

HS2ST1 -0.739404042 1.597412099 

ISOC1 -0.741328769 1.895694813 

PRR5 -0.742359411 1.889156846 

NSMCE1 -0.743475907 1.918566069 

HECA -0.746045807 1.555008706 

CLPTM1L -0.749551334 1.672163495 
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EFCAB2 -0.751048866 1.549113287 

LACTB2 -0.751365391 1.563256145 

MFSD10 -0.751868703 2.187241852 

PDXK -0.754258141 1.848263933 

FOXO1 -0.756537717 2.094875163 

MYO1D -0.758130933 1.657718399 

KLRC1 -0.759587457 1.379533468 

KLHL42 -0.76232798 1.346759229 

SCML4 -0.766480393 2.337929822 

PPP1R15A -0.766606661 3.369241114 

KLF6 -0.769739922 3.496242114 

ESPN -0.773316771 1.690806569 

BCAP29 -0.775936313 1.905859839 

OSTF1 -0.777813401 2.509862091 

IRF4 -0.778600013 1.718434011 

KLHL6 -0.779385103 1.793080633 

HSD17B10 -0.781634008 1.958835591 

RBMS1 -0.784829601 3.122651721 

KIF5C -0.784888524 2.144423775 

PRPSAP2 -0.787948637 1.620825664 

MMD -0.789113052 1.692030457 

AC020659.1 -0.791593501 1.703616106 

Z93241.1 -0.794893108 1.848869554 

RECK -0.795079529 1.779882132 

44815 -0.796656976 2.094251608 

LATS2 -0.801031898 1.719621894 

SIRT6 -0.801773995 1.730415641 

ZNRF1 -0.803562802 1.765759901 

FAM169A -0.80621569 1.668034607 

PASK -0.811065 1.747537771 

COMTD1 -0.814350172 1.770772408 

HOTAIRM1 -0.816798655 1.527485867 

SLC31A2 -0.817118549 1.706032701 

AQP3 -0.82279634 2.919815171 

ACSL1 -0.82349358 1.647129329 

SLC25A25 -0.825106014 1.973027049 

NELL2 -0.826498804 2.390814903 

TRBV6-4 -0.829305738 2.22909687 

CDKN1A -0.831366214 2.252648907 

EIF5A2 -0.836367311 1.696663396 

SPATS2L -0.843428264 1.909235205 

LMNA -0.844681744 2.903781865 

KLHL7 -0.85002822 1.848852812 

LMO4 -0.851259175 2.027741617 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2022-005902:e005902. 11 2023;J Immunother Cancer, et al. Shi L



41 

 

TBC1D19 -0.851271437 1.43262646 

GPR183 -0.855615884 3.116445852 

MED25 -0.862543554 1.927587005 

FABP5 -0.866309156 2.208537819 

PLPP1 -0.869005006 1.741262639 

JAZF1 -0.875667581 2.010350607 

APP -0.89929841 1.705235101 

PLD1 -0.900786087 1.905923885 

TOB1 -0.902068277 3.178981986 

MLF1 -0.907516963 1.193303371 

NOTCH2 -0.911575199 1.715155802 

SIK1 -0.914844749 2.034955394 

LSR -0.916719418 2.06637725 

NRIP3 -0.930425898 1.986915061 

HPGD -0.936164758 2.764267045 

IFT43 -0.941143965 1.934564062 

CA2 -0.946086433 2.525116299 

AL355075.4 -0.947431733 1.591162522 

SPIN1 -0.957219869 2.03307413 

ITM2C -0.958130793 2.777165689 

LTK -0.963974201 2.055951562 

MAF -0.974432567 2.533696245 

HSPA2 -0.979373717 1.998030244 

ITK -0.979537343 2.296341233 

CCNG2 -0.979654607 2.140879612 

TRAV1-2 -0.991603239 3.288870138 

NBL1 -0.999330038 1.905953508 

DAPK2 -1.003740419 2.190739291 

KIAA1109 -1.005864953 2.418938369 

AC234582.1 -1.027844772 2.107464411 

DSE -1.030648104 2.450649458 

KMT5C -1.030884749 2.107627933 

CITED2 -1.035714808 3.039820114 

SNX25 -1.039104155 2.143030834 

CCSAP -1.043352596 1.931203089 

ZC3H12D -1.04352945 2.102487014 

AHR -1.047131711 2.50044204 

AC007952.4 -1.059363112 2.098779783 

SH3TC1 -1.077301893 2.207033277 

TBXAS1 -1.09565943 2.330430444 

FAM83D -1.099884754 2.043352204 

SLC1A4 -1.113020118 2.253249505 

LMAN2L -1.116710626 2.131563168 

CA10 -1.11687181 2.227636462 
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IL4I1 -1.122724748 2.966534528 

JMY -1.126835288 2.835566694 

PHLDA1 -1.130353442 3.285497318 

TANC1 -1.14352713 2.094107434 

ITGAE -1.165470024 2.837804624 

IL1R1 -1.174687808 2.357702305 

CTLA4 -1.177095148 2.645669328 

IL2 -1.181388006 2.315031835 

LGALS1 -1.190250956 2.707051825 

MAEA -1.203952701 2.85519431 

GNA15 -1.219651908 3.345873345 

MREG -1.222372993 2.364208932 

NR1D1 -1.247984927 2.725140717 

AC147651.4 -1.248437745 2.424436486 

GFPT2 -1.264635967 2.380981233 

ID3 -1.306791818 1.386380642 

TPPP -1.319957772 2.365904255 

LGALS3 -1.323179411 3.633495724 

HIPK2 -1.354620345 2.801225042 

TRBV6-1 -1.359138968 1.835793645 

BRD9 -1.379024733 3.246983091 

TMIGD2 -1.386648875 3.554574187 

CTSH -1.388214471 3.150487318 

SPRY1 -1.405600218 3.328845876 

BATF -1.504689861 3.292128682 

BCAS1 -1.535143213 2.522437936 

TRBV6-2 -1.537836601 1.428570379 

MAST4 -1.539051558 2.37298841 

MSC -1.541193688 2.586553706 

LST1 -1.548384884 3.453672246 

CAPG -1.552665143 3.079887956 

KIT -1.604419313 2.670100579 

NDUFV2-AS1 -1.614688469 2.508191188 

LDLRAD4 -1.674764127 3.519057167 

RGS1 -1.677042642 4.230484995 

TOX -1.681257538 3.091884045 

RFX2 -1.727294583 2.632425486 

CD9 -1.77481893 2.974161602 

ANKRD28 -1.784643545 3.840745674 

ADAM19 -1.785630199 3.263563199 

IQCG -1.867189764 3.337759369 

LAYN -1.869059561 3.016463007 

PDCD1 -1.932390216 3.709461543 

TNS3 -1.956690329 2.779659987 
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MCAM -1.973456166 3.612850165 

SCART1 -1.991050834 3.524792795 

PTPN13 -2.021106165 3.41170092 

GPR25 -2.143537281 3.187471298 

TRBV4-2 -2.214474361 2.907647377 

BLK -2.443433883 3.926613347 

TRBV10-1 -2.527734062 2.773246218 

IL17A -3.536879451 2.800777467 
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