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ABSTRACT
Mucosal-associated invariant T (MAIT) cells constitute one of the most numerous unconventional T cell 
subsets, and are characterized by rapid release of Th1- and Th17-associated cytokines and increased 
cytotoxic functions following activation. MAIT cells accumulate in tumor tissue but show an exhausted 
phenotype. Here, we investigated if immune checkpoint blockade (ICB) with antibodies to PD-1 or PD-L1 
affects the function of circulating MAIT cells from non-small cell lung cancer patients. ICB increased the 
proliferation and co-expression of the activation markers HLA-DR and CD38 on MAIT cells in most patients 
after the first treatment cycle, irrespective of treatment outcome. Furthermore, production of cytokines, 
especially TNF and IL-2, also increased after treatment, as did MAIT cell polyfunctionality. These results 
indicate that MAIT cells respond to ICB, and that MAIT cell reinvigoration may contribute to tumor 
regression in patients undergoing immune checkpoint therapy.
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Introduction

Mucosal-associated invariant T (MAIT) cells constitute 
a distinct and numerous population of unconventional T cells 
in humans, with potent functions in both immunity to infec-
tions and tissue repair.1 MAIT cells are characterized by their 
use of a semi-invariant T cell receptor (TCR) with a Vα7.2Jα33 
alpha chain recognizing derivatives of vitamin B2, which are 
produced by bacteria and fungi and presented by the major 
histocompatibility complex class I-related protein 1 (MR1).2 

Upon TCR-mediated stimulation, MAIT cells rapidly secrete 
Th1 and Th17 associated cytokines, and can also kill antigen- 
presenting epithelial cells and tumor cells. Like other uncon-
ventional T cells, MAIT cells are also activated by cytokines like 
IL-12, IL-15, and IL-18 to secrete cytokines and cytotoxic 
effector molecules in a TCR-independent manner.1

MAIT cells are detected in several types of epithelial tumors 
and are sometimes enriched in the tumor tissue.3 Based on 
their cytotoxic potential and ability to produce Th1 cytokines, 
MAIT cells could easily be hypothesized to contribute to anti- 
tumor immunity. However, in several tissues, such as lungs, 
skin, and the female genital tract, there is also a prominent 
proportion of MAIT cells with a Th17-like cytokine 
repertoire,4 which might indicate a tumor-promoting profile. 
The effects of MAIT cells in preclinical tumor models differ 
depending on context and antigen stimulation. Experiments 
performed in MR1-deficient mice, lacking MAIT cells, indicate 

a tumor-promoting function of MAIT cells. On the other hand, 
in vivo activation of MAIT cells by antigen administration 
strongly reduced tumor burden in several tumor models.5–7

Tumor-infiltrating conventional T cells often show signs of 
functional exhaustion, typically manifested as reduced cyto-
kine production upon stimulation. Exhaustion is induced by 
repeated stimulation in the tumor microenvironment and is 
a reversible state that is maintained by signaling by inhibitory 
receptors on the T cell.8 The best characterized of these recep-
tors is programmed cell death 1 (PD-1), that binds to ligands 
PD-L1 and PD-L2 during antigen presentation to the T cell and 
reduce signaling through the TCR and CD28.9 The under-
standing of exhaustion mechanisms and signaling by inhibi-
tory receptors has paved the way for the introduction of 
immune checkpoint blockade (ICB) immunotherapy, where 
blocking of PD-1 or PD-L1 has proven immensely useful for 
the treatment of tumors with high mutational burden like 
malignant melanoma and non-small cell lung cancer 
(NSCLC).9 Still, the treatment response varies considerably, 
and less than half of the patients show a durable response to 
the treatment.9

Tumor-infiltrating MAIT cells also show signs of exhaus-
tion, both with regard to surface markers and reduced 
functionality.10–12 MAIT cells from colon tumors also exhibit 
improved activation when stimulated in vitro in the presence of 
PD-1-blocking antibodies, indicating that they may also 
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respond to ICB in vivo.12 A recent study even suggested that 
MAIT cell frequencies and MAIT cell activation at the start of 
treatment correlate to patient response to ICB treatment in 
malignant melanoma.13 Furthermore, single-cell mRNA ana-
lyses indicate that ICB in basal and squamous cell carcinoma 
results in MAIT cell activation and upregulation of effector 
functions in the tumors.10 To further investigate if human 
MAIT cells are affected by ICB in vivo, and if MAIT cell 
function may influence treatment outcome, we analyzed 
MAIT cell frequencies, activation, and cytokine production in 
patients with NSCLC before and during the course of ICB. 
These studies show that circulating MAIT cells from NSCLC 
patients are invigorated by ICB treatment, which was evident 
from expression of activation markers, increased proliferation, 
and cytokine production.

Materials and methods

Patients and treatment

Thirty-five patients from a prospective study of patients with 
NSCLC undergoing ICB at the Sahlgrenska University Hospital 
were recruited for the study (7 with squamous cell carcinoma 
and 28 with adenocarcinoma). Inclusion criteria were stage 3 
or 4 NSCLC treated with ICB alone or in combination with 
chemotherapy. Patients were selected from the larger cohort to 
obtain similar numbers of patients responding and not 
responding to the treatment. Additional patient information 
is presented in Supplementary Table S1. The study was per-
formed according to the Declaration of Helsinki and approved 
by the Regional Board of Ethics in Medical Research in west 
Sweden (953/18). All patients gave a written informed consent 
before participation in the study.

Patients were treated with blocking antibodies to PD-1 
(Pembrolizumab or Nivolumab) or PD-L1 (Durvalumab or 
Atezolizumab) every two (Nivolumab), three (Pembrolizumab 
and Atezolizumab), or four (Durvalumab) weeks until progres-
sion, unacceptable toxicity or up to a maximum of one 
(Durvalumab) or two (Pembrolizumab, Nivolumab, or 
Atezolizumab) years. Treatment cycles were scheduled accord-
ing to the approved drug intervals and health conditions of the 
individual patients. In 23 of the patients, ICB was the first-line 
treatment, and in one of them, ICB was preceded by chemother-
apy with Carboplatin and Pemetrexed. The remaining 11 
patients received ICB and chemotherapy with Carboplatin and 
Pemetrexed in parallel. Patients were evaluated every 3 months 
by computed tomography scan, in line with the immune-related 
Response Evaluation Criteria in Solid Tumors (irRECIST) 
algorithm14 but assessed by an oncologist according to clinical 
judgment. The clinical response was defined as a persistent 
response at the 9 months follow-up and was divided into i) 
complete response, i.e., no measurable tumor, ii) partial 
response, decreased tumor size compared to baseline, iii) stable 
disease, and iv) progressive disease before or at 9 months. None 
of the patients achieved a complete response, but 13 of the 
patients (37%) experienced a partial response to the treatment 
and 8 patients (23%) had a stable disease, resulting in a disease 
control rate of 60%. Fourteen of the patients had progressive 
disease (40%) observed at 3 (n=5), 6 (n=8),or 9 months (n=1).

Venous blood was collected in EDTA-coated tubes at base-
line (before treatment) and 2–4 weeks after the start of the 
treatment cycles depending on treatment interval (above). 
Whole blood was diluted in 10% DMSO and stored in liquid 
nitrogen until analysis as previously described.15 This proce-
dure preserves antigen expression and leukocyte ratios in the 
blood samples.

Only a limited amount (0.5–1 ml) of blood was available for 
these studies. Frequencies of MAIT cells among CD3+ cells 
could still be evaluated in all patients (n = 35). In contrast, 
unambiguous determination of MAIT cell phenotype could 
only be performed in a subset of patients, due to the low 
number of MAIT cells that could be retrieved. Thus, 14 
patients were analyzed for MAIT cell activation markers and 
9 for cytokine production before and after the first treatment 
cycle. Eight of these patients were analyzed for both activation 
markers and cytokines, one for only cytokines, and six for only 
activation markers. Information about these 15 patients is 
available in Supplementary Table S1. In addition, one patient 
had enough MAIT cells in the pre-treatment sample to allow 
analysis of activation markers, but not in the first post- 
treatment sample.

Lymphocyte isolation and stimulation

Blood was thawed and centrifuged twice to remove DMSO, and 
then used immediately for flow cytometry staining or stimula-
tion. The number of live CD3+ cells retrieved from the samples 
varied between 2.9 × 103 and 1.8 × 105 (median 2.6 × 104). To 
assess production of cytokines and Granzyme B (GrB), cells 
were suspended in RPMI 1640 (GIBCO by Life 
TechnologiesTM) containing 10% fetal bovine serum (Sigma- 
Aldrich), 25 mM of hepes, 100 U/ml of penicillin, 100 μg/ml of 
streptomycin, 292 μg/ml of L-glutamine (GIBCO), and 50 μg/ml 
of gentamicin (GIBCO) and stimulated with 50 ng/ml of PMA 
and 680 ng/ml of ionomycin calcium salt (Sigma-Aldrich) for 4 
h, together with a protein transport inhibitor (BD Golgi stop, BD 
Biosciences).

Flow cytometry analyses

Single-cell suspensions were stained with Fixable Viability 
Stain 575 V (BD HorizonTM) to exclude dead cells followed 
by staining of surface expressed proteins. For intracellular 
cytokine and GrB staining, cells were permeabilized with 
FIX&PERM® Cell Fixation and Permeabilization Kit (Nordic- 
MUbio) and for Ki67 staining with eBioscience™ Foxp3/ 
Transcription Factor Staining Buffer Set (Thermo Fisher) fol-
lowed by staining of the intracellular proteins. See 
Supplementary Table S2 for antibodies used. APC- and PE- 
labeled tetramers of MR1 presenting the MAIT cell antigen 
5-(2-oxopropylideneamino)-6-D-ribitylaminouracil (5-OP- 
RU) were kindly provided by the NIH tetramer core facility. 
Samples were acquired on a Fortessa flow cytometer (BD 
Biosciences) and analyzed using FlowJo software (Tree Star 
Inc.). Lymphocytes were identified by their forward and side 
scatter characteristics which were combined with staining for 
CD3 to detect T cells. Fluorescence minus one controls 
employing non-MAIT CD8+ T cells were used to determine 
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positive staining. A cutoff of minimum 50 events was applied 
in all analyses of cell surface markers and effector molecules. 
Polyfunctionality was evaluated using SPICE6TM software, and 
the polyfunctionality index calculated as previously 
described.16

Statistical analyses

Statistical analyses of paired data were performed using two- 
tailed Wilcoxon matched-pairs signed rank test and of 
unpaired data using Mann-Whitney test. Values of p < .05 
were considered to be statistically significant. Graphpad 
Prism 9 software was used for all statistical evaluations.

Results

MAIT cell kinetics during ICB

MAIT cells were defined as CD8+ or double negative 
(CD4−CD8−) CD161hightet+ cells among the live CD3+ 

T cells (see Suppl. Fig. S1 for gating strategies). Before treat-
ment, MAIT cell frequencies varied between 0.01 and 3.5% of 
all T cells (median 0.26%). This is somewhat lower than what 
has been reported for healthy individuals of the same age.17 

There were no significant differences in MAIT cell frequen-
cies before treatment between the patients that responded to 
treatment and those that had progressive disease 
(Supplementary Figure S2). Likewise, there was no significant 
change in circulating MAIT cell frequencies following the first 
treatment cycle (Supplementary Figure S3). Seventeen of the 
patients could be followed throughout the 4 treatment cycles 
and in these patients, MAIT cell numbers did not change 
consistently during the later part of the treatment period 
either (Data not shown).

MAIT cell phenotype in untreated NSCLC patients

MAIT cell activation was evaluated by the ex vivo expres-
sion of CD25, CD69, HLA-DR, and CD38, and prolifera-
tion was assessed by Ki67 expression. In addition, PD-1 
and CD39 were used to estimate activation and exhaustion. 
PD-1 is upregulated upon T cell stimulation, but is also 
maintained during exhaustion, usually together with 
CD39.8 We were only able to obtain a small volume of 
blood from the patients in the study, and these analyses 
could be performed in 14 patients before and after the first 
treatment cycle, as the frequencies of MAIT cells that could 
be retrieved were otherwise too low to allow adequate 
detection of subsets. For Ki67 detection, only 10 patients 
were available for analysis.

A substantial proportion of MAIT cells expressed PD-1 
before treatment in most of the patients (Supplementary 
Figure S4A), but PD-1 expression in MAIT cells was similar 
between the patients that would subsequently respond to 
treatment and in those who had progressive disease. CD39, 
on the other hand, was virtually absent from the PD-1-expres-
sing MAIT cells in all of the patients (range 0–0.4%, median 
0%). CD39 marks tumor-specific conventional CD8+ T cells, 
but is also expressed on terminally exhausted MAIT and 

conventional T cells together with PD-1,12,18–20 suggesting 
that PD-1 might be regarded as a marker of progenitor 
exhausted or possibly activated cells in the circulating MAIT 
cells. MAIT cell expression of the other activation markers 
varied at baseline, with the highest expression of CD69 and 
HLA-DR, and there was no significant difference with regard 
to any of these markers between responders and non- 
responders before the start of the treatment (Supplementary 
Figure S4B–F).

We conclude that MAIT cell frequencies, expression of PD-1, 
or other activation markers at the start of treatment do not 
correlate to patient response to ICB.

MAIT cell proliferation and activation following ICB 
treatment

To determine if MAIT cells can respond to ICB in vivo, we 
evaluated the expression of activation markers following 
treatment, using ex vivo PBMC without any intentional sti-
mulation. Previous studies have indicated that the invigora-
tion of circulating CD8+ conventional T cells in response to 
ICB can mainly be detected early during treatment21–24 and 
we thus focused on the potential response to the first treat-
ment cycle. In conventional CD8+ T cells, invigoration can be 
assessed by the expression of Ki67, a marker of recent or 
ongoing cell division. Indeed, we could show that the expres-
sion of Ki67 by MAIT cells was increased following the first 
treatment cycle in all but one of the examined patients (p <  
0.05; Figure 1a).

In addition to Ki67, there was also a significant increase in 
MAIT cell expression of CD38 following the first treatment 
cycle (p < .05) and a non-significant trend of increased HLA- 
DR expression in a majority (10 out of 14) of the analyzed 
patients. The combination of CD38 and HLA-DR has been 
used to identify conventional activated effector memory 
T cells,25 and we found that the frequencies of MAIT cells co- 
expressing CD38 and HLA-DR were also significantly 
increased after ICB treatment (p < .05). The effect was similar 
in patients with a partial response and stable or progressive 
disease (Figure 1b–d). In contrast, expression of CD25 and 
CD69 did not change significantly in MAIT cells following the 
first treatment cycle in any of the patient groups 
(Supplementary Figure S5A-B). Furthermore, there were no 
differences when comparing treatment response with regard 
to expression of activation markers between patients receiving 
ICB treatment alone and those with combined chemotherapy 
and ICB treatment. A significant effect of ICB on MAIT cell 
activation markers was only seen after the first treatment cycle 
(Supplementary Figure S6). When the expression of the same 
markers by bulk non-MAIT CD8+ and CD4+ T cells from the 
same individuals was determined, a similar increase in 
CD38+, HLA-DR+ and co-expressing cells was seen 
(Supplementary Figure S7).

Taken together, these results show that MAIT cells are 
invigorated in response to ICB treatment, displaying both 
increased proliferation and expression of activation markers, 
and that this effect was independent of the subsequent 
response to therapy or the combination with chemotherapy.

ONCOIMMUNOLOGY 3



MAIT cell cytokine and GrB production during ICB 
treatment

Previous studies in several tumor types have demonstrated that 
strong Th1 type responses correlate to a good patient prognosis, 
while Th17 type responses are more common in patients with 
progressive disease.26 We therefore assessed the production of 
IFN-γ, TNF, IL-17, and IL-2 in MAIT cells before and after the 
first treatment cycle. In addition, MAIT cell cytotoxic potential 
was estimated by the production of GrB. Due to the limited 
amount of blood available, cytokine production could only be 
analyzed in 9 patients.

Polyclonal stimulation with PMA and Ionomycin induced 
substantial production of TNF, IFN-γ, and IL-2 in virtually all 
patients analyzed (Figure 2a–c). There was no difference in MAIT 

cell cytokine production between responders and non-responders 
before treatment. After the first treatment cycle, TNF and IL-2 
were increased in all but one of the patients (p < .05 for IL-2), but 
there was no clear separation in the response patterns between 
responding and relapsing patients (Figure 2a,b). Frequencies of 
IFN-γ-producing MAIT cells, on the other hand, did not increase 
to the same extent after treatment (Figure 2c). In contrast to the 
other cytokines assessed, IL-17 production was almost absent in all 
patients (0–1.5% of MAIT cells, median 0; data not shown) and did 
not change by ICB treatment. GrB responses were not dramatically 
changed before and after treatment, but there was still a modest 
increase in GrB production in most patients when comparing the 
MAIT cells obtained after the first treatment cycle with those from 
the untreated patients (Figure 2d). There were no significant 
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Figure 1. Activation markers in MAIT cells. Circulating MAIT cells were collected before and after the first treatment cycle with ICB and analyzed by flow cytometry for 
their expression of Ki67 (a), HLA-DR (b), CD38 (c), and co-expression of HLA-DR and CD38 (d). Left-hand graphs show all patients, and the right-hand graphs show 
patients grouped by treatment outcome. Symbols represent individual values. Bright green circles represent patients receiving ICB as their only treatment and dark 
green circles patients receiving ICB together with or after chemotherapy. Dot-plots show the expression of Ki67 and HLA-DR vs CD38 in MAIT cells gated as in 
Supplementary Figure S1 before and after the first treatment cycle. *p< .05, n=10–14.
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changes in MAIT cell cytokine production after the second to 
fourth treatment cycles (Supplementary Figure S6). Among bulk 
non-MAIT CD8+ and CD4+ T cells from the same individuals, 
there was a significant increase in TNF-production among CD8+ 

cells after the first treatment cycle, but not in any of the other 
analyzed cytokines (Supplementary Figure S8).

Exhaustion results in a gradual loss of effector functions and 
polyfunctionality, i.e. the ability of a single cell to express 
several different effector molecules. To determine if this ability 
changed in circulating MAIT cells during ICB therapy, we 
calculated the polyfunctionality index for MAIT cells from 
the available donors before and after the first treatment cycle, 
including TNF, IL-2, IFN-γ, and GrB. These analyses showed 
an increase in the polyfunctionality index in all but one of the 

examined patients, which did not reach significance 
(Figure 3a). However, there was a significant increase 
(p < .05) in the frequencies of cells with 3 or 4 functions, i.e., 
production of 3 or 4 cytokines and/or GrB (Figure 3b).

Taken together, we show that ICB increases MAIT cell anti- 
tumor effector functions and their polyfunctionality. This 
effect is evident both in patients that respond to the treatment 
and those that suffer from progressive disease.

Discussion

MAIT cells are abundant in human circulation and mucosal 
tissues, but circulating MAIT cell frequencies are often lower in 
cancer patients than in healthy donors. MAIT cells are also able to 

a b

c d

e     f

Figure 2. Cytokine production by MAIT cells. Circulating MAIT cells were collected before and after the first treatment cycle with ICB, activated by treatment with PMA 
and Ionomycin and analyzed by flow cytometry for their production of TNF (a), IL-2 (b), IFN-γ (c), and GrB (d). Left-hand graphs show all patients, and the right-hand 
graphs show patients grouped by treatment outcome. Symbols represent individual values. Bright green circles represent patients receiving ICB as their only treatment 
and dark green circles patients receiving ICB together with chemotherapy. Dot-plots show the expression of IL-2 vs TNF (e) and GrB vs IFN-γ (f) in MAIT cells gated as in 
Supplementary Figure S1 before and after the first treatment cycle. *p < .05, n=9.
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infiltrate tumor tissues3,17,27,28 but there is no clear consensus on 
the role of MAIT cells in cancer progression. One could envision 
both a beneficial and unfavorable role due to their ability to 
secrete Th1 or Th17 type cytokines in the tumor microenviron-
ment and their cytotoxic and wound healing potential. In the 
studies available so far, there is a correlation between higher 
intratumoral MAIT cell frequencies and a less favorable patient 
outcome in hepatocellular, colorectal, and squamous cell lung 
carcinoma, while the contrary was seen in cholangiocarcinoma, 
esophageal, and prostate adenocarcinoma.3

MAIT cell function, not least cytokine production, varies in 
different tissues, with a clear Th1 bias in the circulation, gas-
trointestinal tract, and liver, while MAIT cells in the female 
genital tract and lungs are skewed toward IL-17 production.4 

In particular, MAIT cells that accumulate during bacterial lung 
infections are prominent producers of IL-17 and GM-CSF,29 

which both have tumor-promoting functions. MAIT cells are 
present in NSCLC tumors, and they were recently shown to 
have reduced Th1 cytokine and GrB production, but an 
increased IL-17-production in the tumors compared to the 
peritumoral lung tissue or blood.10,11,27,28 Furthermore, the 
tumor-infiltrating MAIT cells had a higher expression of 
exhaustion markers than cells in the adjacent unaffected 
tissue.28 A recent study using a model of lung adenocarcinoma 
employing MR1-deficient mice showed that MAIT cells pro-
mote tumor progression, possibly due to their suppression of 
NK cell and CD8+ T cell cytotoxicity.5 Other studies, however, 
demonstrated an anti-tumor effect of in vivo-activated MAIT 
cells in mouse models of lung metastases.6,7 Taken together, 
these studies indicate that a reinvigoration of MAIT cell func-
tion may not necessarily result in improved anti-tumor immu-
nity, at least not in lung cancer, and that functional properties 
of tumor-infiltrating MAIT cells may not always be reflected in 
the circulation.

Previous studies investigating circulating immune cells and 
their correlation to a good response to treatment have identi-
fied an increase in Ki67+CD8+ T cells expressing PD-1 follow-
ing therapy, preferentially in responding NSCLC patients.23 

A similar increase in proliferating CD8+ T cells with an 
exhausted phenotype was also seen in patients with malignant 

melanoma after ICB treatment.21,22 In NSCLC patients, the 
proliferating CD8+ cells co-expressed PD-1, HLA-DR, and 
CD38, while PD-1+Ki67+ invigorated CD8+ T cells in malig-
nant melanoma patients also expressed the exhaustion marker 
CD39. Importantly, the increased presence of these supposedly 
invigorated CD8+ T cell subsets in the circulation was seen very 
early (1–4 weeks) after the initiation of ICB, and the increase in 
proliferation appears to peak already 1 week after the start of 
the treatment.24 Unfortunately, our study design did not allow 
evaluation of responses earlier than 2–4 weeks after treatment 
initiation. Therefore, the response we detect with regard to 
MAIT cell proliferation and activation may actually be under-
estimated. Nevertheless, we found compelling evidence for an 
invigoration of circulating MAIT cells in NSCLC patients after 
the first treatment cycle, which was manifested by increased 
frequencies of proliferating Ki67+ MAIT cells and HLA-DR+ 

CD38+ cells. It should be noted, though, that there are still no 
studies to show that HLA-DR and CD38 expression directly 
correlates to MAIT cell activation as there is for conventional 
T cells.25 We could also show an increase in MAIT cell cytokine 
production, more specifically TNF and IL-2, following treat-
ment and increased GrB production. It is also interesting to 
note that responses were very similar in patients with a partial 
response to treatment and those with progressive disease.

Our results are partly similar to a recent study by Shi et al.28 

which do not show any change in activation markers, but an 
increased IFN-γ and GrB production and decreased IL-17 
production in circulating MAIT cells from NSCLC patients 
responding to ICB. However, these responses were not com-
pared in the same patients before and after treatment, but 
rather in treated and untreated individuals, which might 
explain the differences between the studies. Unfortunately, we 
could not monitor MAIT cell activation and effector functions 
in the tumors themselves, but a recent study showed increased 
HLA-DR expression along with increased expression of 
Granzymes in intratumoral MAIT cells from squamous cell 
carcinoma after ICB using single-cell mRNA sequencing.10

In addition to the invigoration of circulating MAIT cells 
during treatment, we also investigated if MAIT cell frequency 
or functions could be used to predict the response to ICB. 
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6 P. SUNDSTRÖM ET AL.



A previous study in melanoma patients show that MAIT cells 
with a high proportion of GrB-producing cells are enriched 
in the circulation of patients subsequently responding to 
ICB.13 This finding was not reproduced in a second study 
with melanoma patients, but instead, an increase in circulat-
ing MAIT cell frequencies could be documented directly 
after the treatment, but only in responding patients.30 High 
frequencies of circulating MAIT cells during treatment were 
also associated to a better overall survival in this melanoma 
cohort.30 We could not document a similar increase in cir-
culating MAIT cell frequencies during treatment in respond-
ing patients. Furthermore, there was no difference in MAIT 
cell frequencies before treatment between responding and 
non-responding patients in our study. These differences 
may be due to differences between patients with malignant 
melanoma and NSCLC, but also the relatively low number of 
patients in all the studies.

This is a single center study with a well-defined patient 
cohort. However, one limitation of the study is the small 
number of patients per treatment outcome. With a larger 
cohort, we may have been able to detect correlations between 
MAIT cell numbers or function and treatment outcome. 
Furthermore, the use of several PD-1/PD-L1 blocking antibo-
dies with different administration intervals may also have 
caused some variation in the results that may have concealed 
genuine differences between patient groups. Along the same 
lines, inclusion of patients receiving chemotherapy in addition 
to ICB may also have generated variations that complicate the 
interpretation of the effect of ICB on MAIT cells.

Based on the different correlations between MAIT cell fre-
quencies and patient outcome in different tumor types, the 
function of intratumoral MAIT cells may vary between differ-
ent tumor types. Thus, the effect of MAIT cell invigoration 
may also vary between tumors with different characteristics 
and localization. We believe that a more detailed and contex-
tual understanding of MAIT cell function in different types of 
tumors is necessary both to predict their role in disease pro-
gression and to use MAIT cells for immunotherapy purposes. 
Our study shows that circulating MAIT cells respond to ICB 
with increased activation and cytokine production in patients 
with NSCLC, indicating that PD-1 signaling is important for 
maintaining exhaustion not only in conventional T cells, but 
also in MAIT cells from cancer patients.
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