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ABSTRACT

TCRap+ CD4— CD8- double-negative T (DNT) cells are minor populations in peripheral blood, and their
roles have mostly been discussed in inflammation and autoimmunity. However, the functions of DNT cells
in tumor microenvironment remain to be elucidated. We investigated their characteristics, possible origins
and functions in colorectal cancer tissues as well as their corresponding tumor-draining lymph nodes. We
found a significant enrichment of DNT cells in tumor tissues compared with their corresponding lymph
nodes, especially in tumors with lower T cell infiltration. T cell receptor (TCR) sequence analysis of CD4+ T,
CD8+ T and DNT cells indicated that TCR sequences detected in DNT cells were found in CD8+ T cells, but
rarely in CD4+ T cells, suggesting that a part of DNT cells was likely to be originated from CD8+ T cells.
Through a single-cell transcriptomic analysis of DNT cells, we found that a DNT cell cluster, which showed
similar phenotypes to central memory CD8+ T cells with low expression of effector and exhaustion
markers, revealed some specific gene expression patterns, including higher GZMK expression.
Moreover, in flow cytometry analysis, we found that DNT cells lost production of cytotoxic mediators.
These findings imply that DNT cells might function as negative regulators of anti-tumor immune
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responses in tumor microenvironment.

Introduction

Colorectal cancer (CRC) is one of the most common cancer
types with a high mortality rate." Currently, treatments for
CRC are guided based on tumor stages as well as the micro-
satellite instability; however, their clinical outcomes show
a large variability. Many reports demonstrate that the status
of immune cell infiltration and microsatellite instability is
proven to be associated with patients’ prognosis and clinical
responses to immune checkpoint inhibitors.>® CRCs are
genetically categorized into two types: one is tumors having
extremely high somatic mutations with microsatellite instabil-
ity caused by deficiency of mismatch repair enzymes or
abnormality in certain DNA polymerases, and the other is
tumors showing low or absent microsatellite instability and
having a modest number of somatic mutations.* The former
type of CRC usually shows high infiltration of immune cells in
tumor tissues and better clinical outcome in immune check-
point inhibitor therapy.”> Tumor immune microenvironment
in CRC is not so simple because many types of immune cells
are present. Higher CD3+ or CD8+ T cell infiltration has been
reported to be associated with better prognosis in CRC

patients,” while infiltration of tumor-associated macrophages,
cancer-associated fibroblasts, myeloid-derived suppressor cells
and regulatory T cells was correlated with worse clinical
outcomes.” Hence, clarification of the tumor immune micro-
environment in individual cancers would help better under-
stand the molecular mechanisms and improve the clinical
management of immunotherapy.

Double-negative T cells (DNT cells) are defined as T cells
expressing CD3 (or T cell receptor (TCR) af) without expres-
sion of CD4, CDS8 or NK cell markers such as CD56. DNT cells
account for 1%-3% of the total peripheral T cells,” but their
functions or cellular origins have not been well elucidated.
Some researchers reported that DNT cells originated from
the thymus, and others argued that DNT cells are derived
from CD4+ or CD8+ T cells.® Accumulation of DNT cells
was recognized in Ipr/lpr and gld/gld mice, and in patients
with autoimmune lymphoproliferative syndrome, which is
caused by an impairment of the Fas/FasL pathway.””” In
these cases, DNT cells were indicated to have inflammatory
and immunomodulatory functions. Several reports indicated
possible roles of DNT cells in cancer development. DNT cells
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might have immunosuppressive effects on CD4+ and antigen-
specific CD8+ T cells, and inhibit CD4+ T cell proliferation.®’
Levels of DNT cells seemed to be positively correlated with
tumor metastasis in melanoma.'® However, the immunological
functions of DNT cells in tumors have not been well clarified.

In this study, we demonstrate, for the first time, the origin
and transcriptomic features of DNT cells in CRC. The results
of TCR sequencing and single-cell transcriptome analyses
indicate that most of DNT cells in tumors might be derived
from CD8+ T cells by losing CD8 expression and may have
no or less cytotoxic functions. Our finding might open a new
aspect of tumor microenvironment as well as immunother-
apy for CRC.

Materials and methods
Patients

CRC patients who received surgical treatment were enrolled
after providing written informed consent before their surgery.
A total of 42 fresh primary tumor tissues from 41 patients and
multiple lymph nodes from 18 patients were collected from
individual patients. None of the 41 patients had received any
neoadjuvant treatment. The study protocol was approved by
the Institutional Review Board of the Japanese Foundation for
Cancer Research (2018-GA-1021).

Preparation of single-cell suspensions from tumor tissues

Single-cell suspensions from tumor tissues and lymph nodes
were prepared using the method we reported previously.'!
Briefly, tissues were dissociated using gentleMACS
Dissociator (Miltenyi Biotec, Bergisch Gladbach, Germany)
and then treated with collagenase (ThermoFisher Scientific,
Waltham, MA, USA) and DNase I (STEMCELL
Technologies, Vancouver, Canada) for 60 min at 37°C. After
washing with PBS, the cells were passed through a 70 um nylon
cell strainer (Corning Inc., Corning, NY, USA). The passed
cells were used for the following flow cytometry and cell sort-
ing analyses.

Flow cytometry

Fluorochrome-conjugated monoclonal antibodies specific to
human TCRap (clone IP26), CD3 (HIT3a), CD4 (RPA-T4),
CD8a (RPA-T8 and SK1), CD56 (HCD56), CCR7 (G043H7),
CD45RA (HI100), perforin (B-D48), granzyme B (QA16A02),
granzyme K (GM26E7), Fas (DX2) and FasL (NOK-1) were
purchased from BioLegend (San Diego, CA, USA). All samples
were resuspended in PBS staining buffer containing 0.5% BSA,
pre-incubated for 4°C with FcR blocking reagent (Miltenyi
Biotec), washed by PBS staining buffer, and then stained with
each antibody for 20 min at 4°C. Intracellular staining of per-
forin, granzyme B and granzyme K was performed according
to the manufacturer’s protocol. 7-Aminoactinomycin
D (7-AAD) viability staining solution (BioLegend) was used
to gate on alive cells. Data were collected on FACSVerse or
FACSLyric for the analysis or FACSAriall for the cell sorting

(BD Biosciences, Franklin Lakes, NJ, USA) and then analyzed
using Flow]Jo software (ver.10, BD Biosciences).

Multiplex fluorescence immunohistochemistry

As previously described,'” 4-um sections obtained from for-
malin-fixed paraffin-embedded tissue blocks were stained for
CD3 (1:200, SP7, Abcam, Cambridge, UK), CD4 (1:200, NCL-
CD4-368, Novocastra, Milton Keynes, UK), CD8 (1:160, NCL-
L-CD8-4B11, Novocastra), CD20 (1:200, L26, Invitrogen,
Waltham, MA, USA), CD204 (1:200, KT022, Trans genic,
Fukuoka Japan), FOXP3 (1:400, D608R, Cell Signaling
Technology, Danvers, MA, USA) and cytokeratin (1:100,
AE1/AE3, Dako, Santa Clara, CA, USA) with an Opal IHC
kit (AKOYA Biosciences, Menlo Park, CA, USA). Bound pri-
mary antibodies were detected using EnVision + System-HRP
Labeled Polymer anti-mouse and anti-rabbit (Dako) followed
by tyramide signal amplification opal fluorophores (Opal 480,
Opal 520, Opal 540, Opal570, Opal 620, Opal 650, Opal 690).
The slides were counterstained with DAPI (4',6-diamidino-
2-phenylindole), scanned using the PerkinElmer Vectra
Polaris system, and analyzed using the inForm Advanced
Image Analysis software (inForm 2.6.0; Akoya Biosciences).

TCR sequencing analysis

TCR sequencing was performed using the methods described
previously.'>'* In brief, we used total RNA extracted from 2 x
10° T cells sorted by flow cytometry for cDNA synthesis with
a common 5-RACE adapter using SMART library construc-
tion kit (Clontech, Mountain View, CA, USA). TCRa and
TCRP ¢cDNAs were amplified by PCR using a forward primer
for the SMART adapter and a reverse primer corresponding to
the constant region of TCRa and TCRp genes. Illumina index
sequences with barcode were added using the Nextera XT
Index kit (Illumina, San Diego, CA, USA), and then the pre-
pared libraries were sequenced by 300-bp paired-end reads on
Ilumina MiSeq, using MiSeq Reagent v3 600-cycles kit
(Illumina). Sequence data were analyzed using Tcrip
software."

Single-cell transcriptome analysis

Alive CD8+ T cells (TCRaf+CD56-CD4-CD8a(clone SK1)+)
and DNT cells (TCRap+CD56-CD4-CD8a(clone SK1)-) were
sorted from single-cell suspension obtained from CRC tissues
by FACSAriall (BD Biosciences). To detect surface CD8a
protein expression, BD AbSeq antibody-oligos (clone RPA-
T8) were conjugated. Single-cell sequence libraries were pre-
pared using the BD Rhapsody Single-Cell Analysis System (BD
Biosciences) and were sequenced on Illumina NextSeq
(Illumina). Raw sequencing data were processed with Seven
Bridges Genomics platform (BD Biosciences). Seurat was used
to perform an unsupervised clustering and differential gene
expression analysis. Later, genes, which were expressed in less
than two cells, were filtered out, and cells with expression of
>200 genes and <15% mitochondrial genes were further ana-
lyzed. Differentially expressed genes (DEG) were defined as
fold changes of >[2.0| and q-values of <1.0 x 107'? relative to



comparator populations. Gene ontology (GO) enrichment ana-
lysis for Biological Process was performed using the Panther
online tool."™'® Overrepresentation for each gene set was tested
using a Fisher’s exact test and with a false discovery rate
threshold of 0.05. Functional module scores were calculated
based on the expression levels of top 30 genes which were
highly correlated with GZMB (cytotoxicity score) or PDCDI
(exhaustion score), as described previously.'”

Statistical analysis

The Mann-Whitney U test was performed to compare differ-
ences between two independent groups. The paired t-test was
used to compare differences between paired samples.

Results

Higher proportion of DNT cells in CRC tissues than their
corresponding lymph nodes

We collected a total of 42 tumor tissues from 41 CRC patients
as well as a total of 41 lymph nodes (average 2.3 from each
patient) from 18 of the 41 patients. We analyzed proportions of
DNT cells, defined as TCRaf+ cells lacking the expressions of
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CD4, CD8 and CD56, in these tumor tissues and lymph nodes
by flow cytometry (Figure 1). Figure 1a shows a representative
flow cytometry plot of one patient, who had two primary
tumors in sigmoid colon and in rectum. The proportions of
DNT cells among total TCRap+CD56- T cells in both tumor
tissues were 3.3% and 4.3%, which were higher than 0.9% in the
lymph node. In 16 of the 18 patients, higher levels of DNT cells
were detected in tumor tissues than lymph nodes (average 7.4%
vs 1.8%, p =.00040; Figure 1b). We then investigated the rela-
tionship between proportions of DNT cells and the extent of
T cell infiltration into tumors (defined as proportions of
TCRap+CD56- cells in total living cells). Tumors with low
T cell infiltration showed significantly higher proportions of
DNT cells than those with higher T cell infiltration (R = -0.54,
p =.00028; Figure 1c). These results indicated that the propor-
tions of DNT cells were negatively correlated with T cell
infiltration in CRC tissues. We also assessed the intra-
tumoral immune cell infiltration in 20 randomly selected
CRC tissues by multiplex fluorescent immunohistochemistry
(mFIHC), and infiltration of DNT cells into tumors were con-
firmed (Figure 1d). In concordance with flow cytometry data,
the proportion of DNT cells detected by mFIHC was inversely
correlated with total CD3+ T cell density (R =-0.45, p =.049;
Figure le).
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Figure 1. Double-negative T (DNT) cells in colorectal cancer (CRC) tissues. (a) Representative flow cytometry plots to analyze DNT cells, defined as TCRap+CD56-CD4-
CDB8- cells. DNT cells were identified in rectal and sigmoid colon tumors, and lymph node (from left to right) of a patient. (b) Proportion of DNT cells in tumor tissues and
lymph nodes in CRC patients. (c) Correlation of proportion of total T cells in tumor tissues with proportion of DNT (left) or CD8+ T cells (right) in CRC tissues analyzed by
flow cytometry. (d) Representative multiplex fluorescence immunohistochemistry image in CRC tissues for the following markers: CD3, CD4, CD8, CD20, CD204, FOXP3,
and cytokeratin (CK). Each cell type was defined by the combination of the marker expressions; DNT cells (blue, CD3+CD4-CD8-), CD4+ T cells (yellow, CD3+CD4+CD8-
FOXP3-), CD8+ T cells (green, CD3+CD4-CD8+), Treg cells (purple, CD3+CD4+CD8-FOXP3+), B cells (red, CD20+), macrophages (pink, CD204+). (e) Correlation of total
T cell density (cells/mm2) with the proportion of DNT (left) or CD8+ T cells (right) in CRC tissues detected by multiplex fluorescence immunohistochemistry.
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DNT cells derived from CD8+ T cells

Although various possibilities of the origins of DNT cells
have been suggested, none is conclusive. To clarify the origin
of DNT cells in CRC tissues, we analyzed TCR clonotypes
among CD4+ T, CD8+ T and DNT cells sorted from five
CRC tissues, in which we were able to obtain more than
10,000 DNT cells (Figure 2). The 10 most abundant clono-
types in DNT cells in each tissue are shown in Figure 2a. The
sum of the 10 most frequent TCRP clonotypes in DNT cells in
tumor tissues was significantly higher as 80.3% in the average
compared to 21.6% and 50.3% in the CD4+ and CD8+ T cells,
respectively (p =.0013 and p =.0055), indicating enrichment of
certain TCR clonotypes in DNT cells. One or multiple clono-
types of the 10 most common TCRp clonotypes in DNT cells
were also observed commonly in CD8+ T cells, but not in CD4
+ T cells in these five CRC tissues we examined. Jaccard index
between TCRP clonotypes in DNT and CD8+ T cells was
significantly higher than that between DNT and CD4+
T cells (0.096 vs 0.0090, p =.040, Figure 2b), suggesting that
DNT cells are possibly derived from CD8+ T cells.

Single-cell profiling of DNT cells in CRC tissues

To further characterize DNT cells in CRC tissues, we per-
formed a single-cell transcriptome analysis (Figure 3). We
prepared a total of 25,500 DNT cells and 59,691 CD8+ T cells
from tissue samples of four CRC patients and finally obtained
RNA sequences from 12,664 cells (Figure 3a). UMAP analysis
of RNA expression data of these DNT and CD8+ T cells from
the four CRC tissue samples identified unique clustering pat-
terns consisting of seven functional clusters characterized by
known gene expression signatures of specific T-cell subtypes
(Figure 3a). We found a cluster of “DNT” cells, in which we
confirmed mRNA expressions of CD3E, TRAC, TRBCI and
TRBC2, but the absence of CD4 and CD8A mRNA expression
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as well as CD8a protein expression (Figure 3b). In this cluster,
the expression of y§ T cell markers, including TRGCI1, TRGC2
and TRDC, and NK cell marker, NCAMI1 (CD56), was not
detected. Although the cells with no or very low expression of
CD8A mRNA or CD8a protein were also present across the
other CD8 clusters, suggesting that DNT cells were possibly
heterogenous cell populations, these cells were minor popula-
tions in each of the CD8 clusters (9.6%-20.8%; Figure 3b and
Figure S1 and S2). Therefore, we further analyzed DNT cells in
the “DNT” cluster (Figure 4). DNT cells showed lower expres-
sion of effector or activation marker genes, including GZMB,
PDCDI (PD-1) and TNFRSF9 (CD137) as well as exhaustion
markers, including LAG3 and CXCLI3 than CD8+ T cells,
although higher expression levels of naive or memory marker
genes, including IL7R, SELL and TCF7, were detected in the
DNT cells (Figure 4a). Through a consensus clustering, we
found that the gene expression pattern of DNT cells was
most similar to CD8 Tcm (CD8+ central memory T) cell
cluster compared to the other effector CD8+ T clusters.
Cytotoxicity scores of the DNT cells in this cluster were low
as CD8 Tcm compared to effector or exhausted CD8+ T cells,
and exhaustion scores were also lower than exhausted CD8+
T cells (Figure 4b). DEG analysis identified 36 up-regulated
and 24 down-regulated genes in the DNT cells (Figure 4c,d).
Functional categorization of these up- and down-regulated
genes in the DNT cells by GO annotations indicated that the
down-regulated genes were significantly enriched in several
immune pathways, including positive regulation of immune
system process, response to stimulus, and regulation of leuko-
cyte activation (Figure 4e), suggesting that DNT might lose
effector or immune activation function. On the other hand, no
significant enrichment in any pathways was identified for the
up-regulated genes, but several genes involved in the memory
function, including TCF7, CD27, MYB and SELL, were highly
expressed (Figure 4d). In addition, we identified that GZMK
was highly expressed in the DNT cells.
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Figure 2. Comparison of TCRB repertoire among CD4+, CD8+ and double-negative T (DNT) cells in colorectal cancer (CRC) tissues. (a) Heatmaps of TCRpB clonotype
frequency in CD4+ T, CD8+ T and DNT cells. Top 10 most abundant TCRB clonotypes in DNT cells are shown. The gradient of red color indicates the frequency of TCRB
clonotypes, and the gray indicates TCRB clonotypes not detected. (b) Comparison of similarity of TCRB clonotypes between CD4+ T or CD8+ T cells and DNT cells.
Jaccard indices, evaluating overlap of the TCRB clonotypes, were calculated in a pairwise manner for individual cell types. Complete overlap resulted in Jaccard index = 1

and no overlap resulted in Jaccard index = 0.
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Figure 3. Single-cell transcriptome analysis of CD8+ T and double-negative T (DNT) cells in colorectal cancer (CRC) tissues. (a) UMAP plot of a total of 12,664 cells in 4
CRC tissues. (b) Feature plots (left) and violin plots (right) showing the distribution of expression levels of T cell subset genes; CD3E, CD4, CD8A mRNAs and CD8a protein
(clone RPA-T8). (c) Dot plot of expression levels of T cell subset genes to define DNT cells.

Flow cytometry analysis of DNT cells in CRC tissues

Although granzyme K encoded by GZMK is known as
a cytolytic molecule as granzymes A and B, GZMK- and TCF7-
expression was reported to be a characteristic feature of undif-
ferentiated pre-effector/memory T cells.'"® Therefore, we
further characterized the DNT cells using flow cytometry
(Figure 5). We first investigated the expression of memory
T cell markers, CCR7 and CD45RA, in DNT cells. A CCR7
+CD45RA- is known to be characteristic of a central memory
phenotype, and CCR7-CD45RA- is considered to be an effec-
tor memory phenotype (Figure 5a). We found that DNT cells
in tumor tissues showed no naive phenotype and kept the
central memory CCR7+CD45RA- phenotype (Figure 4b). In
concordance with single-cell transcriptome analysis, granzyme
K expression was detected in average 44.9% (ranging from
15.3% to 72.2%) of the DNT cells using flow cytometry
(Figure 5b). To investigate cytotoxic function of DNT cells,
we then examined expression of cytolytic molecules in the
DNT cells. In the single-cell transcriptome data, the expres-
sions of PRFI (encoding for perforin) and GZMB (granzyme B)
were barely detected in the DNT cells (Figure 4a). We also
observed that proportions of cells expressing perforin or gran-
zyme B were much lower in the DNT cell population than CD8

+ T cell population by intracellular staining using flow cyto-
metry (Figure 5c). These data supported that DNT cells in
tumor tissues were not able to produce cytotoxic mediators
and have no or very low cytotoxic function against cancer cells.
In CD8+ T cells, cytotoxicity also mediates killing of target
cells through Fas/FasL-mediated apoptosis.'”** Since the
impairment of this pathway was known to cause accumulation
of DNT cells,”! we further investigated Fas and FasL expression
levels in the DNT cells. High Fas expression on both CD8+
T and DNT cells was observed. On the other hand, FasL
expression was detected only in DNT cells, but not in CD8+
T cells (Figure 5d). Since FasL-expressing cells such as mye-
loid-derived suppressor cells induced apoptosis of Fas-
expressing tumor-infiltrating T cells,” DNT cells might serve
as negative regulators in tumor microenvironment by inducing
apoptosis of effector CD8+ T cells via the Fas/FasL pathway.

Discussion

TCRap+CD56-CD4-CD8- DNT cells are known to be a minor
cell population of T cells, and their functions in tumor micro-
environment remain unclear. In this study, we investigated the
characteristics, a possible origin(s) and function of DNT cells
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Figure 4. Transcriptional signature of double-negative T (DNT) cells. (a) Dot plot of expression levels of functional marker genes in each functional cluster; cytokine,
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in CRC tissues, and found a significantly higher proportion of
DNT cells in tumor tissues than their draining lymph nodes
(Figure 1b,c). We hypothesized that these DNT cells were likely
to be originated from CD8+ T cells possibly through the down-
regulation of CD8 expression in activated and clonally
expanded CD8+ T cells in tumor microenvironment based
on the evidence that DNT cells had clonal TCRs, which were
at some extent overlapped with clonotypes of CD8+ T cells in
each CRC tissue (Figure 2). Through the single-cell transcrip-
tome and flow cytometry analyses, we found that these DNT
cells showed the central memory-like phenotype, but not the
effector phenotype, and would probably have no or very low
cytotoxic activity induced by the traditional perforin/gran-
zyme-mediated pathway (Figures 4 and 5). Considering the
higher proportion of DNT cells in lower T cell-infiltrated
CRC tissues (Figure 1c,e) and a reported suppressive potential
to CD8+ T cell activities through the Fas/FasL-mediated path-
way in an antigen-specific manner,® DNT cells might have
immune-inhibitory roles in tumor immune
microenvironment.

Several reports have suggested that DNT cells in peripheral
bloods might have a potent anti-tumor activity against lung
cancer cells and leukemia cells in patient-derived xenograft

models.”>** The ex-vivo expanded DNT cells, which may
have the selection bias by growth advantages, expressed higher
levels of effector/cytolytic molecules, including IFN-y and
TNF-a, and granzyme B. Since allogeneic DNT cells did not
induce a host-versus-graft reaction nor cause graft versus host
disease, DNT cells are considered as a potential source of novel
immunotherapy.”>*® Although the presence of DNT cells in
tumor tissues of several cancer types is confirmed, their func-
tions on anti-tumor immunity is still unclear.>>*’~*° Immune
profiling of infiltrating T cells in hepatocellular carcinoma
identified two DNT cell populations; one is y§ DNT cells
expressing tissue-resident markers CD69 and CD103 and the
other is ap DNT cells expressing activation markers CD150,
CD69, CD137, HLA-DR as well as an immune-inhibitory
molecule TIGIT, suggesting the functionally activated DNT
cells,’* which were not concordant with our finding
(Figure 3). Another study suggested the defective ap DNT
cells secreting immune suppressive cytokine, IL-10, in mouse
glioma and melanoma tissues.”* In our results in Figures 4 and
5, the DNT cells were unlikely to have effector or cytotoxic
functions. Due to the limited amount of T cells from the tumor
tissues, we were not able to directly examine anti-tumor cyto-
toxic capacity against autologous cancer cells. Therefore,
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Figure 5. Flow cytometry of specific molecules and cytotoxic molecules in double-negative T (DNT) cells. (a) Memory phenotype of DNT cells in CRC tissues (N =5) and
healthy donor’s PBMCs. (b) Proportion of GZMK+ DNT cells in CRC tissues (N = 5). (c) Proportion of perforin+ (left) or granzyme B+ (right) cells in CD8+ T and DNT cells in
CRC tissues (N =5). (d) Proportion of Fas+ (left) or FasL+ (right) cells in CD8+ T and DNT cells in CRC tissues (N =15).

further analyses using a larger number of DNT cells from large
tumor tissues are required to further characterize DNT func-
tions. We identified possible TCRap pairs estimated from
dominant TCRa and TCRp sequences in DNT cells
(Figure 2). If these TCRs on the DNT cells are able to bind
tumor-specific antigens on HLA molecules on the surface of
cancer cells, they may competitively inhibit the antigen-TCR
binding in cytotoxic CD8+ T cells. It is also important to
identify the target antigens of TCRs that were dominant in
DNT cells to further elucidate TCR-dependent or -
independent functions of DNT cells.

DEG analysis identified that DNT cells showed the higher
expression of GZMK (Figure 4). Although granzyme
K encoded by GZMK is known as a cytolytic molecule in
a family of five granzymes in human (granzymes A, B, H,
K and M), which is usually expressed in cytotoxic CD8+ T,
NK and y§ T cells, co-expression of GZMK and TCF7 was
reported to be a characteristic feature of pre-effector/memory
T cells.'® Several reports suggested possible immune suppres-
sive function of granzyme K through an interaction with
other immune cells, including macrophages. CRC tumors
with high infiltration of CDI15-high neutrophils contained
a population of GZMK-high CD8+ Tgy cells, which were
related to worse prognosis.”> Santiago L et al. reported that

extracellular granzymes, including granzymes A, H and K,
promoted CRC development by enhancing gut inflammation
through the activation of macrophages.” Although it was
unable to distinguish GZMK expression on CD8+ T or
DNT cells, we found significant correlations of GZMK with
estimated amounts of M1 and M2 macrophages from
RNAseq data in 512 colon and rectal cancers in TCGA
database (TCGA-COAD and -READ) (Figure S3), suggesting
the possible immune suppressive roles of granzyme K in
tumor development possibly through activation of tumor-
associated macrophages.

In the current study, we found that DNT cells in tumor
microenvironment are possibly heterogeneously present in
various T cell subsets and DNT cells showing a central
memory phenotype with high expression of GZMK were
enriched in primary tumors compared with the corre-
sponding draining lymph nodes. These DNT cells were
functionally impaired by lacking of cytotoxic mediators
and might be associated with immune desert in tumor
microenvironment by inducing Fas-FasL-mediated apopto-
sis of cytotoxic CD8+ T cells. Although further functional
analyses will be required, these findings in the current
study might be a new window to elucidate the mechanism
of immune dysfunction in tumor microenvironment.
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