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Abstract

Objectives: The role of inhibitory immune checkpoints (ICs), which are expressed on tumor-infiltrating T lymphocytes (TILs) in
colorectal cancer (CRC), and their associations with disease-free survival (DFS) have not been fully elucidated. Methods: This
study evaluated the associations between ICs expressed on CD4" TILs and DFS in forty-five treatment-naive CRC patients. Initially,
we investigated the associations of ICs, including PD-1, TIGIT, LAG-3, and TIM-3, expressed on CD4" TILs with DFS. Results:
There were no statistically significant differences in the associations between the levels of all single IC-expressing CD4" TILs
and DFS. Interestingly, when PD-1 was combined with other ICs, we found that a lack of PD-1 expression on LAG-3"CD4" TILs
(PD-1"LAG-3") was significantly associated with shorter DFS. Additionally, a lack of expression of both PD-1 and TIGIT (PD-
1~ TIGIT™) on CD4" TILs was associated with shorter DFS. Conclusion: We identified two CD4" T-cell subpopulations (PD-
1"LAG-3" and PD-1"TIGIT ™) associated with worse DFS. Our findings highlight the importance of investigating multiple IC
co-expressions to determine the exact subpopulations associated with patient prognoses. This preliminary study requires further
validation in a larger cohort of CRC patients.
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l. Introduction (MSI) is reported in 10-15% of sporadic CRC and is gen-
erally caused by genetic changes/mutations in DNA mis-

Globally, colorectal cancer (CRC) is the third most common  match repair (MMR) genes. CRC patients with high mi-

cancer among men and women, and the second most fatal
tumor after lung cancer [1]. Many CRC cases are diagnosed
at advanced stages as a result of the absence of clinical symp-
toms during the disease’s early stages, which contributes to
poor prognoses and reduced survival rates, in addition to
complicating treatment options. Microsatellite instability

crosatellite instabilityMMR-deficient (MSI-high/dAMMR)
status have a good prognosis and longer survival rates than
patients with microsatellite stable/microsatellite instability-
low (MSS/MSI-Low) status [2—4].

Within the complex battlefield of the tumor microen-
vironment (TME), immune cells have the potential to rec-
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ognize and kill cancer cells, playing key roles in tumor
regression and the response to different treatment modali-
ties. Tumor-infiltrating lymphocytes (TILs) are important
components of the TME and represent specific histolog-
ical features of different tumors. TILs consist of varied
immune cells such as CD8" and CD4" T cells, T regu-
latory cells (Tregs), and other immune cells. In general,
the presence of TILs is associated with increased survival
rates and improved response to different treatment modal-
ities in CRC patients [5,6]. However, CD4" T-cell sub-
sets can either promote or suppress the antitumor CD8*
cytotoxic T-cell responses [7]. The importance of CD4* T
lymphocytes in developing and maintaining an effective
antitumor immune response has recently become more ev-
ident, even in the context of biological therapies such as
cancer immunotherapy that target and activate antitumor
immune responses of CD8" CTLs [8]. Some studies have
reported that high-density CD4" TILs are correlated with
improved overall survival (OS) and disease-free survival
(DFS) in different types of cancers [9—12].

Immune checkpoint (IC) molecules and their lig-
ands are highly expressed in the TME. Interactions be-
tween ICs and their ligands are critical for inhibiting anti-
tumor immune responses, and blocking these interactions
has been shown to improve antitumor immune and clin-
ical responses in different cancers. ICs, including T-cell
immunoreceptor with Ig and ITIM domains (TIGIT), pro-
grammed cell death-1 (PD-1, CD279), lymphocyte activa-
tion gene-3 (LAG-3), T-cell immunoglobulin and mucin
domain-3 (TIM-3), and others, play essential roles in im-
mune responses through restraining T lymphocyte activa-
tion pathways [13]. High expression of ICs on CD4" T
cells can act as a mechanism for tumor promotion and im-
mune evasion, particularly by inhibiting the function of
tumor-specific T cells. For instance, PD-1 expressed on T
cells binds to PD-L 1 expressed on tumor cells and antigen-
presenting cells, leading to functional exhaustion of T
cells and impairment of anti-tumor immune responses.
Therefore, understanding the role of ICs in regulating the
function of TILs should provide insights into novel thera-
peutic strategies to improve anti-tumor immune responses
and enhance the clinical outcomes of cancer patients [14].
This study aimed to evaluate the potential association be-
tween the levels of CD4" TILs expressing different ICs
and DFS in treatment-naive patients with CRC, which
might provide potential predictive biomarkers and thera-
peutic targets for CRC patients.

2. Materials and Methods

2.1. Patients and Samples

This study was executed under ethical approval from the
Institutional Review Board (IRB) of the Medical Research
Center at Hamad Medical Corporation (HMC), Doha,
Qatar (approval number MRC-02-18-012). Each patient
included in this study provided written consent before
any sample was collected. Based on the pathologist’s re-
port, fifty tumor tissue (TT) samples were collected from
treatment-naive CRC patients with different tumor-node-
metastasis stages (TNM stages I to IV). The collection
period ranged from late 2018 to early 2020, and disease
progression data were collected in March 2022 for these
patients. No patients in this study were lost to follow-
up. All treatment-naive patients with CRC included in
this study underwent surgery without any chemo- or ra-
diotherapy before the surgery and sampling. A total of
45 eligible CRC patients were included in the DFS anal-
yses. Details of the CRC patients included in this study
are presented in Table 1, which was taken from Meyiah
etal. [15].

2.2. Cell Isolation from Colon Tumor
Tissues

A mechanical disaggregation method was used to isolate
single-cell suspensions from TT specimens, as we have
previously described [16]. In brief, all colon tumor tissues
were rinsed in PBS and cut into small pieces. The tissues
were subsequently dissociated into single-cell suspensions
using a gentlyMACS dissociator (Miltenyi Biotec, Ber-
gisch Gladbach, Germany). Then, the cell suspension was
prepared by slowly passing through a sterile cell strainer
(size 100 uM) to eliminate any large particles or cell ag-
gregates. The cells were then washed at least 3 times with
PBS followed by cell staining for cytometric analyses.

2.3. Staining and Flow Cytometric
Analyses

The cells were stained with different fluorochrome-conjugated
monoclonal antibodies (mAbs), and FACS analysis was
performed as described in the previous study [17]. Briefly,
the cell suspension was washed once with cold PBS and
then resuspended in FACS staining buffer consisting of
PBS, 1% FCS, and 0.1% sodium azide, before being
blocked with Fc receptor (FcR) blocking reagent (Mil-
tenyi Biotec). 7-Aminoactinomycin D (7-AAD; BioLe-
gend, San Diego, CA, USA) and different mAbs were
then added to stain the cells. These mAbs included anti-
CD4-phycoerythrin (BD Biosciences, Oxford, UK), anti-
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Table I: CRC patients’ clinical and pathological features in this study.

Feature CRC Patients

Number 45
Median age (range) 56 (18-79)
Gender: Male/Female 30/15
TNM stage

Stage-1 (4 patients)

Stage-II (20 patients)

Stage-III (14 patients)

Stage-1V (7 patients)

Histological grading of tumor

Grade 2 (Moderately tumor differentiated)

(41 patients)

Grade 3 (Poorly tumor differentiated)

(4 patients)

MSI-H and DMMR

(8 patients)

Loss of nuclear expression for MLH1 and PMS2

(7 patients)

Loss of nuclear expression of MSH2

(1 patient)

CD3-Alexa Fluor 700 (BD Biosciences), anti-LAG-3-
BUV421 (BD Biosciences), anti-TIM-3-BV711 (BD Bio-
sciences), anti-PD-1-PE/Dazzle™ 594 (BioLegend, San
Diego, USA), and anti-TIGIT-APC (eBioscience, San
Diego, USA). Following staining, the cells were washed
once with ice-cold FACS staining buffer, and centrifuged
for 5 min at 400 x g. The supernatant was removed, and
the cells were re-suspended in FACS buffer for flow cy-
tometric analyses. 7-ADD dye was used to exclude dead
cells and gate only live cells. Fluorescence Minus One
(FMO) control was used to define the proper gating strat-
egy. Cells were gated based on the forward scatter area
(FSC-A) and the side scatter area (SSC-A), and then lym-
phocyte gate was applied to select single cells (singlets)
based on the FSC-A and the FSC-H. The singlet cell gate
was applied to select 7-ADD negative live cells. Live
cells were further gated to select CD4" T cells, and the
expression levels of single ICs, including PD-1, TIGIT,
TIM-3, and LAG-3 on CD4" T cells and co-expression
of ICs were determined. A BD Biosciences LSRFortessa
X-20 flow cytometer and BD FACSDiva® software were
used to analyze the samples. FlowJo software (version
10, FlowJo LLC, Ashland, OR, USA) was used to analyze
the collected data. All flow cytometric plots used in this
study have already been published (please see Figure 3
Toor et al. [17]).

2.4. Statistical Analyses

Statistical analyses for all the datasets were performed
by using GraphPad Prism version 9 software (GraphPad
Prism® Software, California, CA, USA). Parameters, in-
cluding the mean and median values with their standard
error of the mean (SEM), as well as the minimum and
maximum values, were calculated using descriptive sta-
tistical methods. The normality test was performed using
the Shapiro-Wilk test. The cell subsets were classified as
low/high if they were below/above the median for non-
normally distributed data, and below/above the mean for
normally distributed data. Kaplan- Meier survival curves
were generated to estimate and compare DFS between the
high and low groups, and the log-rank test was used to
calculate the P-values of the survival curves. An unpaired
t-test was performed to compare the values between two
groups (MSI-high and MSI-low). Statistical significance
was defined as a p value < 0.05.

3. Results

3.1. Different Immune
Checkpoint-Expressing CD4" TILs in
CRC and Their Associations with DFS

Our previous study revealed that CD4" T-cell subsets
are increased in the TME of CRC, and they express sev-
eral IC molecules, including PD-1, CTLA-4, TIM-3, and
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LAG-3, playing crucial roles in CRC progression [16].
In the present study, we expanded our previous work
to a larger cohort of CRC patients. CD4" T-cell levels
were divided into low and high groups based on the me-
dian, and there was no significant difference in terms
of DFS between the two groups. Additionally, we com-
pared the percentages of CD4™ T cells between early-stage
and advanced-stage CRC patients, and there were no sig-
nificant differences between them, as shown in Table 2.
PD-1 (mean 44.7), TIGIT (mean 36.8), and TIM-3 (me-
dian 9.5) were expressed at high levels, whereas LAG-
3 (median 1.8) was expressed at low levels on CD4*
TILs. Patients were then categorized into groups above
or below the mean/median based on a single IC expres-
sion level on CD4" TILs. Notably, there were no sig-
nificant differences in terms of DFS between CRC pa-
tients with higher percentages (above the mean/median)
of tumor-infiltrating CD47PD-17 (p = 0.112, Figure 1A),
CD4'TIGIT" (p = 0.054, Figure 1B), CD4*TIM-3" (p =
0.226, Figure 1C), and CD4"LAG-3" TILs (p = 0.101,
Figure 1D), and groups of patients with low percentages
(below the mean/median) of these cell subsets.

Table 2: Percentages of CD4T T cells and immune checkpoints
in CD4% T cells in early-stage and advanced-stage CRC patients.

Early-Stage
(Mean = SEM)

Advanced-Stage
(Mean = SEM)

(Min—Max) (Min—Max)
. 38.5+2.8 38.8 4 3.4
CD4" T cells 17.0-63.6 14.4-74.1
CD4* PD-1* 444429 452438
T cells 19.9-72.4 20.1-79.9
CD4* TIGIT*  39.6 + 2.7 337424
T cells 12.0-60.6 10.6-48.6
+
. :(2; . 24406 22403
0.0-14.7 0.0-63
cells
CD4* TIM-3" 105+ 1.4 10.8 +2.0
T cells 1.1-253 0.0-34.7

3.2. A Lack of PD-1 Expression on
LAG-3"CD4" TILs Is Associated with
Shorter DFS

We observed that the expression level of single ICs was
significantly associated with DFS. To gain deeper insights,
we then investigated the associations of a combination of
ICs co-expressed on CD4" TILs with DFS. We specifi-
cally investigated the co-expression of PD-1 with other
ICs on CD4* TILs, which could be associated with DFS.

Among the four cell subsets investigated, PD-1*LAG-3*
CD4" TILs (Figure 2), interestingly, there was a signifi-
cant association between high PD-1~LAG-3" percentages
and shorter DFS (p = 0.012, Figure 2B). In contrast, high
frequencies of other cell subsets, including PD-1"LAG-
37, PD-1"LAG-3%, and PD-1"LAG-3~ CD4" TILs were
not associated with DFS (Figure 2A,C,D). These findings
show that a lack of PD-1 expression on LAG-3"CD4"
TILs is associated with shorter DFS in CRC patients.

3.3. Lack of Co-Expression of PD-1 with
TIGIT Is Associated with Shorter DFS

We then investigated the associations of PD-1+TIGIT* and
PD-1=TIM-3%* levels on CD4" TILs with DFS (Figures 3
and 4). Interestingly, lack of PD-1 and TIGIT expression on
CD4" TILs was significantly associated with shorter DFS
(p = 0.013, Figure 3A). In agreement with these findings,
patients with higher levels of the two IC co-expression of
PD-1"TIGIT" on CD4" TILs had longer DFS, but with-
out a significant difference (p = 0.062, Figure 3C). Other
cell subsets including PD-1"TIGIT* (Figure 3B) and PD-
1" TIGIT ™~ (Figure 3D) were not associated with DFS. With
regards to PD-1FTIM-3% cell subsets, patients with higher
percentages of PD-1~TIM-3~ CD4" TILs tended to have
shorter DFS than those with lower percentages of CD4"PD-
17 TIM-3— TILs, but without any significant difference
(p = 0.079, Figure 4A), while other cell subsets did not
show any association with DFS (Figure 4B-D). Our data
highlight the significance of different IC co-expressions
on tumor-infiltrating CD4™ T cells, while their lack of
co-expression could be a negative prognostic marker in
treatment-naive CRC patients.

3.4. Differences in Immune Checkpoint

Co-Expression on CD4" TILs in Patients
with MSI-High and MSI-Low Tumors

We have previously shown that CRC patients with dAMMR
or MSI-high tumors displayed elevated levels of immune
checkpoint-expressing T lymphocytes compared with those
with MMR-proficient and MSS/MSI-low tumors [17].
Specifically, we reported that MSI-high CRC patients had
significantly higher levels of TIGIT" and TIM-3*CD4*
TILs, as compared with MSI-low CRC [17]. In this study,
we analyzed the differences in the percentages of tumor-
infiltrating CD4"PD-1"~ T cells co-expressing other ICs
(TIGIT, TIM-3, or LAG-3) between MSI-high and MSI-
low CRC. Among the 44 patients with MSI data, only
7 patients (16%) had MSI-high. We noticed that CRC
patients with MSI-high status had significantly greater
percentages of PD-1"TIGIT" and PD-1"TIM-3" CD4*
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Figure I: Kaplan—Meier curves of DFS based on the expression levels of different ICs in CD4T TILs. Tumor tissues with high
percentages of PD-17 (A), TIGITT (B), TIM-3T (C), and LAG-3" (D) CD4" T cells were compared with those with low numbers
of these cells.
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Figure 2: Kaplan—Meier curves of DFS based on the expression levels of PD-1 with LAG-3 in TILs. Tumor tissues with high
percentages of PD-17LAG-3~ (A), PD-1"LAG-3" (B), PD-1" LAG-3*" (C), and PD-1" LAG-3~ (D) CD4*" TILs were compared to
those with low levels of these ICs.
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Figure 3: Kaplan—Meier curves of DFS based on the expression levels of PD-1 with TIGIT in TILs. Tumor tissues with high percentages
of PD-1-TIGIT~ (A), PD-1~TIGITT (B), PD-1TTIGIT* (C), and PD-1*TIGIT~ (D) CD4* TILs were compared to those with low

levels of these ICs.
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Figure 4: Kaplan—Meier curves of DFS based on expression levels of PD-1 with TIM-3 in TILs. High percentages of PD-1~TIM-3—
(A), PD-1~ TIM-3* (B), PD-1" TIM-3* (C), and PD-1* TIM-3~ (D) CD4* TILs in tumor tissues were compared with those with
low levels of these ICs.
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T cells (Figures 5A and 5C, respectively), as compared
to patients with MSI-low status (PD-1"TIGIT*: median;
MSI-high 32.4 vs. MSl-low 21.3, p = 0.037; PD-1"TIM-
3": median; MSI-high 15.0 vs. MSlI-low 5.6, p = 0.011).
In line with these findings, levels of CD4" TILs lacking
co-expression of PD-1 plus TIGIT (Figure 5B) or PD-1
plus TIM-3 (Figure 5D) were lower in MSI-high patients
than in MSI-low patients. However, statistical signifi-
cance was not reached, which is more likely due to the
small sample size. In addition, there were no significant
differences in PD-1"LAG-3" (Figure 5E) or PD-1"LAG-
3~ (Figure 5F) CD4™ T cells between MSI-high and MSI-
low patients. These findings revealed an increase in IC
co-expression in MSI-high CRC, which can be linked
to improved prognoses and an enhanced response to im-
munotherapies.

4. Discussion

Several studies have documented the prognostic signifi-
cance of TILs in various malignancies. A high density of
TILs in CRC tissues was correlated with a better progno-
sis and improved survival outcome [18]. CD4" TILs are
essential indicators of antitumor immunity [19], and they
have been linked to improved clinical outcomes in various
tumor types [20,21], including CRCs [22]. CD4" T cells
in the TME express high numbers of different ICs, includ-
ing PD-1, LAG-3, TIGIT, and TIM-3 [23]. We have re-
cently shown the associations between different types of
IC-expressing CD4" TILs within tumors and DFS in pa-
tients with CRC [24].

Many studies have shown that high expression lev-
els of different ICs on T cells are linked to T-cell dys-
function/exhaustion and prognosis in several types of can-
cer, including cervical [25], acute myeloid leukemia [26],
liver [27], and breast cancers [28]. The purpose of this
work was to determine the prognostic significance of IC
expression on CD4" TILs in relation to DFS and MSI sta-
tus in treatment-naive patients with CRC.

LAG-3 inhibits the proliferation and activation of
T-cell subsets through its interaction with a variety of
ligands. It has a greater affinity for major histocompat-
ibility complex (MHC) class II (MHC II) signaling than
CD4 and might suppress CD4" T cell activation by in-
hibiting CD4-MHC II interaction [29,30]. Other studies
have demonstrated that the inhibitory function of LAG-
3 is not dependent on CD4 competition, but rather re-
lies on its cytoplasmic domain to deliver inhibitory sig-
nals [31,32]. Therefore, the expression of LAG-3 in TILs
is generally indicative of aggressive progression, and it is
linked to worse outcomes in a wide range of human carci-
nomas [33], including CRC [34,35]. CD4" TILs display

chronic exhaustion traits, followed by the up-regulation
of LAG-3 during tumor progression [36]. Thus, it ap-
pears to be a promising target for cancer immunother-
apies. Some early-stage clinical trials are currently in-
vestigating the use of anti-LAG-3 mAbs as therapeutic
tools for cancer in a variety of settings [37]. Further-
more, over-expression of LAG-3 in T cells contributes to
a reduction in T-cell response [38] and promotes tumor
growth in both high/low-grade gliomas. Additionally,
higher LAG-3 levels are associated with poorer overall
survival prognosis [39]. Studies have reported that over-
expression of LAG-3 is associated with poor survival in
hepatocellular carcinoma [40], melanoma [41], head and
neck squamous cell carcinoma [42], and gastric carcinoma
with Epstein-Barr virus (EBV) infection and MLH1 tu-
mor mutations [43]. This overexpression may contribute
to tumor growth and progression. Another study showed
that blocking LAG-3 may enhance TIL responses in pro-
ficient MMR liver metastases of CRC patients, increase
the effector cytokine production in the TME, and enhance
anti-tumor immune responses [44]. Other studies reported
that high levels of LAG-3 in some cancers, including
breast [45], non-small cell lung [46], and esophageal squa-
mous cell cancers [47] were associated with improved sur-
vival. In this study, shorter DFS was observed in patients
with higher percentages of CD4"LAG-3" TILs, but with-
out showing any statistically significant difference. How-
ever, a lack of PD-1 expression on LAG-3"CD4" TILs
was a critical factor, contributing to a significant associ-
ation with shorter DFS. Our study highlights the signifi-
cance of the tumor-infiltrating PD-1~ LAG-3"CD4" T-cell
subset as a potential prognostic marker in CRC patients.

TIGIT is an immunosuppressive receptor, that is ex-
pressed mostly on T lymphocytes, including CD4™ T cells.
The function of TIGIT has been reported in several can-
cers, including lung adenocarcinoma [48] and hepatocellu-
lar carcinoma [49]; however, its function in CRC remains
unclear. We previously showed that high expression of
TIGIT in the circulation of CRC patients was associated
with good prognoses in the early disease stage [50]. An-
other study reported that overexpression of TIGIT was
associated with improved survival in many cancers [51].
Moreover, the overexpression of PD-1 and TIGIT in tu-
mor tissues with dJMMR status was associated with ad-
vanced TNM stage and better DFS [52]. In contrast, other
studies have shown that the overexpression of TIGIT is as-
sociated with CD8" T-cell exhaustion, advanced disease,
and decreased survival rates [53].

In this study, we reported that patients with high
percentages of CD4"TIGIT™ T cell infiltration had longer
DFS, but this difference was not statistically significant.
Similar to our findings, high TIGIT expression levels
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Figure 5: Scatter plots of immune checkpoint co-expression in MSI-H versus MSI-L tumors. Scatter plots showing the percentages of
PD-1TTIGITT (A), PD-1"TIGIT— (B), PD-1TTIM-3* (C), PD-1~TIM-3~ (D), PD-1TLAG-3" (E), and PD-17LAG-3" (F) CD4
TILs in MSI-L and MSI-H tumors. Data represents the mean + SEM.

are associated with good OS in CRC patients [54]. Co-
expression of PD-1 and TIGIT is associated with T-cell
dysfunction in cancer [55]. The co-expression of multiple
types of ICs has been reported in the microenvironment
of many cancers. However, few studies have focused on
the association between the co-expression of different ICs
and cancer patient prognosis. A previous study indicated
that PD-L1 co-expression with either TIM-3 or TIGIT re-
duced the OS rate in esophageal squamous cell carcinoma
patients [56]. In advanced gastrointestinal cancer, patients
with high frequencies of PD-1" and TIM-3" cells among
total T-cell subsets exhibited poor clinical outcomes ac-
cording to multivariate analysis [57]. However, our pre-
vious study showed that high expression levels of TIM-3
on CD8" T cells in both circulation and the TME were
associated with longer DFS in CRC patients [58]. More-
over, a recent study reported that a higher frequency of
PD-1"TIM-3" cells in CD4" and CD8" T-cell populations

could be present in AML patients than in healthy individ-
uals and AML-complete remission groups [59]. Addition-
ally, increased co-expression of PD-1 with TIM-3 was
associated with CD8" T-cell exhaustion and poor prog-
nosis in AML patients [60]. Of note, co-expression of
PD-1/TIM-3 on T cells may induce resistance to the im-
mune checkpoint inhibitors in CRC patients [61]. Our
study revealed that a lack of co-expression of PD-1 with
TIGIT or PD-1 with TIM-3 is associated with poor DFS
in CRC patients. Additionally, we found that the levels of
PD-1"TIGIT" and PD-1*TIM-3" infiltrating CD4" T cells
were greater in the MSI-high, which is associated with a
good prognosis. Of note, PD-1 with TIGIT or PD-1 with
TIM-3 was investigated mostly in bulk tumors, whereas
our study investigated IC co-expressions in T-cell subsets.
Examining soluble ICs in the serum of cancer patients
could be useful biomarkers for patients’ prognoses. A re-
cent study showed that high levels of soluble PD-L1 can
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be detected in CRC patients’ serum during tumor progres-
sion and metastases [62,63].

5. Conclusions

In this study, we identified two CD4" T-cell subsets (PD-
17LAG-3" and PD-1"TIGIT ™), which are associated
with worse DFS. Our data highlight the importance of
investigating IC co-expression for more accurate identifi-
cation of critical cell subsets, which are associated with
DFS in CRC patients. However, there are some limita-
tions in this study as well. More specifically, the sample
size was relatively small, and the data were divided based
on mean/median levels, which could generate only initial
hypotheses. Alternative statistical methods for optimiz-
ing prognostic separation in training and validation sets
should provide more robust findings. Further, larger vali-
dation cohorts are needed to confirm these findings. More-
over, additional investigations are required to determine
the precise functions of these cell subsets in the tumor
microenvironment of CRC patients.
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