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Purpose: Immune checkpoints, as pivotal regulators of immune escape in cancer, can
motivate the emergence of immune checkpoint inhibitors (ICIs). The aim of this study is
to identify the expression of the immune checkpoint genes (ICGs) in colorectal cancer (CRC)
and to relate their individual as well as combined expression to prognosis and therapeutic
effectiveness in CRC.

Methods: RNA expression of 47 ICGs and clinical information of CRC patients were
collected from two public databases to elucidate the expression levels and prognostic values
of these ICGs in CRC. Then, the Shapiro—Wilk normality test was used to determine the
normality of variables. Overall survival (OS) rates of each subset were found by Kaplan—
Meier method, and the statistical significance was determined by the Log rank test (p < 0.05).
Results: The expression of 13 and 9 ICGs was significantly associated with CRC prognosis
in The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) cohorts.
A series of ICGs was found to be significantly associated with TMB, neoantigens and
MMR in CRC indicating that the combination of immunotherapy treatment biomarkers
and ICGs may achieve accurate prognostic stratification of CRC, and potentially identify
CRC cases that might respond to checkpoint inhibitors (CPIs). The subsets of high or low
PD1/PD-L1/IDO1 expression stratified by CD48 were accurately associated with prognosis
in CRC. In addition, in vitro experiments confirmed that VTCN1(B7-H4)-KD increases anti-
PD-L1-mediated NK cell cytotoxicity on CRC tumor cells.

Conclusion: Although the expression of a single immune-checkpoint molecule does not
predict the efficacy of immunotherapy in CRC, our findings infer that subsets defined by
ICGs are associated with prognosis and imply the possibility that VTCN1 and CD48 serve as
new immunotherapeutic targets.
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Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and
cause of cancer-related deaths.' Despite significant improvements in CRC detection
and treatment, the prognostic outcome of patients with metastatic CRC (mCRC)
remains poor.” Therefore, it is necessary to identify novel prognosis biomarkers and
carry out more effective treatments for improving the outcome of patients
with CRC.

In recent years, it has been found that the immune system plays a crucial role
during cancer initiation, progression and metastasis.>* The activity of the immune
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system is mainly regulated by different types of immune
cells. The activity and response of immune cells are modu-
lated by a series of cell surface molecules, named immune
checkpoints including stimulatory and inhibitory check-
point molecules.” Based on the most broadly studied inhi-
bitory checkpoints, the development of ICIs, such as anti-
CTLA-4 monoclonal antibodies (mAbs), anti-PD-1/PD-L1
mAbs
paradigms.' In addition, agonist agents targeting co-stimu-

have revolutionized several cancer treatment

latory receptors have been evaluated in various preclinical
settings and are being studied in multiple clinical trials of
several types of cancers.’®

Despite the pronounced survival benefits conferred by
ICIs, not all CRC patients respond to immunotherapy due
to the complexity of the immune microenvironment and
the diversity of immune checkpoint molecules. Only dif-
ferent Mismatch Repair (AIMMR) or microsatellite instabil-
ity-high (MSI-H) mCRC patients responded to targeted
immune checkpoint inhibition therapy.” Since only
approximately 4% of advanced CRC patients have MSI
or dAMMR,* " majority of mCRC patients with pMMR or
MSS tumours do not benefit from immunotherapy.
Besides, as some patients with dMMR did not benefit
from treatment, MMR status might not be the only positive
predictor for anti-PD-1 therapy for CRC, some other pre-
dictor should be explored for use in combination with
MMR for better
effect.'>”'> Notably, the association has been reported

status predicting the therapeutic

between  immune checkpoint ~ molecules and
prognosis.*'*"'” However, the prognostic significance of
these immune checkpoint molecules remains controversial
in CRC. Therefore, better understanding of the character-
istics and prognostic significance of immune checkpoint
molecules is critical to improve the efficacy of immu-
notherapy in cancer. Additionally, evidence has shown
that up-regulation of other inhibitory molecules, such as
LAG-3, VISTA, and TIM-3 may generate tumour resis-
tance to specific ICIs.”*%? Also, the blockade of a single
immune checkpoint targets may lead to compensatory up-
regulation of other checkpoint receptors in the tumour
microenvironment (TME).*? Realizing the relationship of
different immune checkpoints will benefit the design of
effective combination therapies and overcome potential
resistance; however, existing studies have focused on one
or several immune checkpoint molecules without com-
bined evaluation of them in CRC.

In this study, we aimed to analyze the expression of 47

ICGs of CRC and their relationship with prognosis, using

the TCGA and GEO databases. Furthermore, we examined
the association of ICGs with other immunotherapy bio-
markers and signature genes related to immune activation
in CRC. The findings have implications for our under-
standing of the pre-treatment predictive biomarkers for
immunotherapy of CRC, and for development of new
immunotherapy approaches for CRC.

Materials and Methods

Data Download

A total of 47 ICGs of CRC* were downloaded
(Supplementary Table 1). TCGA GDC API was used to down-
load the latest clinical follow-up information at 2019.6.14

containing 454 RNA-seq data samples (Supplementary Table
2). Download GSE39582 chip expression data in TXT from
NCBI. GSE39582 contains 585 samples with clinical charac-
teristics (Supplementary Table 3).

Data Preprocessing

Data Retrieval and Preprocessing in TCGA Database
The 454 samples of RNA-seq data were dealt as the
following steps:

1. Use GDC API to download the RNA-seq data set of
CRC from TCGA.

2. Select the original samples.

3. Remove the samples with no follow-up data and the
samples with a follow-up time less than 30 days.

4. Remove samples with no clinical information or
PFS < 30 days.

5. Remove the normal tissue sample data.

6. Remove the gene with 0 FPKM from more than half
of the samples.

The sample number of TCGA data set was 428 after
preprocessing.

Data Retrieval and Preprocessing in GEO Database
The 585 samples of RNA-seq data were dealt as the
following steps:

1. Remove the normal tissue sample data and primary
tumor data were retained.

2. Convert OS data to days from years or months.

3. Bioconductor package were used to annotate the
microchip probes of the human gene SYMBOL.

4. The immune-related genes expression profiles were
obtained.
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The sample number of GSE39582 data set was 556 after
preprocessing.

Detailed clinical characteristics of all patients from the
two data sets are listed in Table 1.

Correlation Between ICGs and Patient

Prognosis

The ICGs with expression in TCGA dataset were identi-
fied. The cases were divided into three (high, middle, low)
groups based on levels of gene expression. The correlation
between ICGs and CRC prognosis was performed by uni-
variate Cox analysis (log rank p<0.05). Then GEO data-
base was used to conduct the expression and prognostic
patterns of the ICGs in CRC.

Correlation Between ICGs and TMB and

Neoantigens

TMB represents both the stability level of the tumor genome
and heterogeneity of the tumor micro-environment. TMB of
a tumor sample is calculated by the number of non-synon-
ymous somatic mutations (single nucleotide variants and
small insertions/deletions) per mega-base in coding regions.
We used the WES data of TCGA and used the same method
as Xu et al*® to assess the total length of all mutations divided
by exons in each sample. Spearman method was used to
evaluate the correlation among neoantigens, TMB and ICGs
based on the somatic mutation data of TCGA.

Correlation Between Subtypes Defined

by ICGs and Prognosis

We first integrated the expressions of IDO1, CD274, CTLA4
and CD48, respectively. COAD samples were then divided
into multiple subtypes based on these gene expression values.
Finally, the survival prognosis of subtypes of different gene
expression combinations was analyzed. Kaplan-Meier survi-
val curve was drawn by Survfit function in survival software
package, and the test method was Log rank p.

Cell Culture
Human CRC SW-620, HCT-116 and Caco-2 cell lines
were purchased from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China) and
cultured in RPMI 1640 medium. DiFi cell line was
purchased from Shanghai Bai Li Biological Technology
Co., Ltd (Shanghai, China) and cultured in MEM med-
ium. All medium contained 10% heat-inactivated fetal
serum (FBS), penicillin (100 U/mL),

bovine and

streptomycin (100 pg/mL) in an atmosphere of 95% air
and 5% CO, at 37°C. NK-92 was obtained from Nanjing
Forxay Biotechnology Co. LTD (Nanjing, China) and
cultured in MEM supplemented with 12.5% horse
serum (GIBCO Invitrogen), 12.5% fetal bovine serum
(BI), 100Uml™! rhIL-2, 0.1mM 2-mercaptoethanol,
0.2mM inositol and 0.02mM folic acid. Cells were rou-
tinely passed every 2—3 days and all cells maintained in
culture for a maximum 8 weeks.

Reagents and Antibodies

SHR-1316 (anti-PD-L1) was purchased from Hengrui
Medicine (Lianyungang, China). Antibodies of B7-H4
(14572S) and GAPDH (5174S) were obtained from Cell
Signaling Technology (Danvers, MA, USA).

Flow Cytometry Analysis

For testing the B7-H4 surface expression, human CRC
cells were harvested and washed with PBS then incubated
with PE Mouse-Anti-Human-B7-H4 (BD, Cat #562,507)
or isotype control antibody for 30 min at 4°C avoiding
light. Cells were then washed and analyzed on flow cyto-
metry (BD Biosciences).

Co-Cultures with NK-92 Cells and NK

Cell Cytotoxicity Activity Test

NK cell lysis of target CRC cells was determined by
ELISA and flow cytometry after 24 h of co-incubation
with or without SHR-1316. Then to detect NK activation,
the expression of soluble IFN-y in culture was detected by
enzyme-linked immunosorbent assay (ELISA). To study
apoptosis, cells were stained with AnnexinV-FITC/7AAD
(BD Biosciences, USA). The CD56-APC antibody (BD,
Cat #555,518) was used to identify NK cells and the level
of apoptosis was calculated for the CD56- cells. Next, to
measure the level of NK cell degranulation, target cells
and NK cells at 1:1 E/T ratio incubated with CD107a-PE
(BD, Cat #555,801) for 4 h. The percentage of CD107a
positive cells was calculated for the CD56+ cell fraction.

Small Interfering RNA Transfection

The siRNA sequence was designed by View Solid
Biotechnology Co., LTD (Beijing, China). The B7-H4
target sequence was 5'-GGUGUUUUAGGCUUGGUCC-
3’. The siRNAs were transfected with Lipofectamine 2000
(Invitrogen, USA) per the manufacturer’s instructions.
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Table | Clinical Characteristics of Patients with CRC from the
Two Data Sets After Pre-Processing

Table | (Continued).

TCGA GEO TCGA GEo
SEX SEX New Event
MALE 231 MALE 307 ! 87
FEMALE 197 FEMALE 249 0 341
PES os Site of T‘esection Tu.mor location
30 ~925 298 30 ~1230 206 Ascending colon 76 Dlsta.l 338
925 ~1820 9% 1230 ~2430 212 Cecum & Proximal 27
1820 ~2715 21 2430 ~3630 97 Colon, NOS >4
2715~ 3610 3 3630 ~4830 31 Descending colon 16
3610 ~4502 10 4830 ~6030 9 Hepatic flexure of colon 15
Rectosigmoid junction 7
Event Event Sigmoid colon 106
Dead 115 0 369 Splenic flexure of colon 5
Alive 313 | 187 Transverse colon 19
Stage T Stage T Chemotherapy Chemotherapy
Tl 10 TO | SFU 31 5FU 82
T2 75 TI 11 FOLFIRI 3 FOLFIRI 12
T3 295 T2 44 FOLFOX 5 FOLFOX 23
T4 47 T3 360 FUFOL 0 FUFOL 53
T4 117 Other 15 Other 3
NA 276 NA 383
Stage N Stage N
NO 252 NO 295 MSI Score
NI 101 NI 131 0.25-0.5 339
N2 75 N2 98 0.5-1.0 43
N3 6 1.0-1.5 18
Stage M Stage M
MO 318 MO0 474
MI 59 MI 60
MX ! MXx 22 | Western Blot Analysis
Stage TNM stage Western blot was carried out according to the method in
Stage | 72 ! 32 the previous study.”® The antibodies used in this experi-
S Il 164 2 258 . .
tage ment have been described previously.
Stage llI 122 3 203
Stage IV 59 4 59
Weight Real-Time Quantitative PCR Analysis
34~ 63 48 Total RNA was isolated from transfected CRC cells using
63~ 92 131 Trizol reagent (Takara Bio, Japan) and following we
92~ 121 33 reversed RNA transcriptions into stable cDNA using
121~ 150 7 . . o
150~ 175 3 PrimeScript RT Reagent Kit with gDNA Eraser (Takara
Bio). The cDNA was amplified using SYBR Premix Ex
Not Available 186 : . : :
Taq II Kit (Takara Bio). Real-time reactions and PCR steps
BMI . .
147 ~66.7 225 were performed according to the manufacturer’s instruc-
66.7 ~118.7 0 tions. The primer sequences were as follows: B7-H4: 5'
118.7 ~170.7 0 CACCAGGATAACATCTCTCAGTGAA-3' (forward), 5'-
170.7 ~222.7 0 TGGCTTGCAGGGTAGAATGA —3' (reverse); 18S: 5'-
222.7 ~271. |
8 CCCGGGGAGGTAGTGACGAAAAAT-3' (forward), 5'-
(Continued) CGCCCGCCCGCTCCCAAGAT-3' (reverse).
3520 e OncoTargets and Therapy 2021:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Ma et al

Cell Viability Assay

The viability assays in HCT-116 cells co-incubated with
NK were measured using a MTT assay. Briefly, after
infected with siRNA, co-incubated cells (10:1 E/T ratio)
were added to 96 well culture plates and incubated over-
night. Then, the cells were pretreated with no treatment or
SHR-1316 for 24h. 20 uL. MTT solution was added to each
well and cultured for 4h followed by 200 puL. DMSO
(Sigma) added. At last, the absorbance at 570 nm was
determined by microplate reader (Bio-Rad, USA).

Ethical Statement

The study was approved by the Ethics Committee of the
Affiliated Hospital of China Medical
(Shenyang, China) and was conducted according to the

University
Declaration of Helsinki.

Statistical Analysis

All the normality of variables was conducted by Shapiro—
Wilk normality test. Nonpaired Student’s #-test was used to
determine the statistical significance of the normal distri-
bution variables. Moreover, the Mann—Whitney U-test was
used to evaluate the non-normal distribution variables.
When comparing more than two groups, we used nonpara-
metric and parametric methods by Kruskal-Wallis test and
one-way ANOVA, respectively. The association between
ICGs and other biomarkers in the entire cohort was eval-
uated using the Spearman rank correlation analysis. The
Fisher’s exact test was applied to determine the contin-
gency table. The P-value was adjusted using the
Benjamini—-Hochberg procedure. Survival analysis was
performed using Kaplan-Meier, and the survival differ-
ences were calculated using the Log rank test at the level
of p < 0.05. All analyses were conducted using R software
(version 3.4.3).

Results

Construction of ICGs and Their
Prognostic Value for CRC in the TCGA
Cohort

Expression of ICGs in CRC

Firstly, a total of 43 ICGs of CRC with expression profile
were extracted from the data set pre-processed by TCGA
database. The expression level of 43 ICGs is shown in
Figure 1A. These included 12 stimulatory molecules
(TNFRSF14, TNFSF14, ICOS, ICOSLG, CD70, CD27,
CD48, TNFRSF9, TNFRSF4, THFRSF25, THFSF9 and

CD40) and 31 inhibitory checkpoint molecules. Heatmap
showed distinct gene expression profiles of ICGs belong to
high expression group (red), medium expression group
(green) and a low expression group (blue). The high
expression group was represented by CD44, LGALS9,
TNFRSF14, the expression level was usually higher in
all samples. The Intermediate expression group, expressed
by IDO1, HHLA2 and TNFSF9, varied widely from sam-
ple to sample. The low expression group was represented
by ADORA2A, IDO2, etc., and the expression level was
low in most samples. The results suggested that most ICGs
showed medium and low expression in CRC samples.

Identification of CRC Specific ICGs for Prognosis
Prediction

Overall, we found that the expression of ICGs was sig-
nificantly associated with CRC prognosis. According to
the univariate Cox regression analysis between 43
expressed ICGs and prognosis, a total of five were found
to be significantly correlated with prognosis (log rank p <
0.05) and eight to be marginal significantly correlated with
prognosis (Figure 1B, log rank p < 0.1). Correlations
around all ICGs were also assessed. Results showed the
level of expression of ICGs was mainly positively corre-
lated and had significant aggregation effect (Figure 1C),
implying the co-expression relationship between ICGs.
Therefore, the results confirmed the synergistic prognostic
values of the ICGs in CRC.

Construction of ICGs and Its Prognostic
Value for CRC in the GEO Cohort

In order to avoid the bias from only examining the TCGA
cohort, we used GSE39582 as a validation dataset. Forty-
seven ICGs were taken with a total of 44 expressions in
the pre-processed GSE39582 set, and the gene expression
patterns of these 44 ICGs were also grouped into three
types: high/middle/low expression group, respectively
(Figure 2A). Furthermore, the expression of genes in dif-
ferent groups of GSE39582 set were consistent with that in
the TCGA. Such as CD44, LGALS9 and TNFRSF14
exhibited high expression levels in both data sets.
TNFSF15, TNFSF9, CD86, CD200, TNFRSFI18 and
HAVCR2 showed medium expression levels in both data
sets. Meanwhile, VTCNI1, CD28, IDO2, TIGIT,
TNFRSF9, and TNFSF4 had low expression levels in
both data sets.

In univariate Cox regression analysis of 44 ICGs and
overall survival (OS), we found that there are nine ICGs

OncoTargets and Therapy 2021:14
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Figure | Construction of ICGs and its prognostic value for colorectal cancer in the TCGA cohort. (A) A heatmap delineated the expression of ICGs in CRC on TCGA
dataset. Red: high expression groups, green: medium expression groups; Blue: low expression groups; (B) The expression of 13 ICGs associated with CRC prognosis; (C)
Correlation analysis of ICGs expression level. Explanation: We only offer the gene pairs with significant correlation test, meanwhile the blank indicated that the correlation
test was not significant (Data are plotted as mean * SD. *P<0.1, **P<0.05, **P<0.01).

associated with OS (Figure 2B). There is a possibility that
VTCN may be one of the potential markers for poor prog-
nosis, because the VTCN1 gene showed a negative correla-
tion with prognosis in both TCGA and GSE39582 data set
(HR > 1, log rank p < 0.1). Simultaneously, TNFRSF25,
CD48 and IDOL1 genes in the TCGA and GSE39582 data
sets all had significant or marginal relationship with the
prognosis (log rank p < 0.1). In the GSE39582 dataset, the
expression levels of ICGs were also mainly positively cor-
related and exhibited an aggregation effect (Figure 2C),
which is consistent with the result of TCGA.

Relationship Between ICGs and Other

Immunotherapy Treatment Biomarkers in
CRC

Relationship Between ICGs and TMB in CRC
Tumour mutational burden (TMB) is one of the biomar-
kers for predicting the efficacy of immunotherapy,®’
however, it is still unclear as to whether a high TMB
could be confirmed as a positive prognostic marker in
mCRC. Spearman’s method was performed to access the
correlation between TMB and ICGs (the distribution of
TMB did not meet the normal distribution, Shapiro test
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level. Explanation: only the gene pairs with significant correlation test were shown, and the blank indicated that the correlation test was not significant (Data are plotted as

mean * SD. *P<0.1, **P<0.05, ***P<0.01).

p < 1x107°). The expression data pertaining to TMB and
ICG are shown in Supplementary Table 4. We observed

a significantly positive correlation between TMB and
the expression of VTCNI1, CD274, IDO1, LAG3,
PDCDI1 and TNFRSF9 (Figure 3A-F, R* >0 and FDR
< 0.05). Considering that TMB is a biomarker of posi-
tive prognosis, subgroup analysis can be combined with
ICGs to predict prognosis more accurately in CRC.

Relationship Between ICGs and Neoantigens in CRC
Neoplastic somatic mutations, when present in the pro-
tein-coding genes, produce the wrong proteins (neoanti-
gens) and accumulate by cancer cells during the

tumorigenesis process. Neoantigens are now supposed
to be able to participate in early tumor recognition and
destruction by antigen-specific T cells in the context of
immunotherapy treatment. The relationship between
neoantigens and ICGs expression from TCGA was
shown in Supplementary Table 5. We found that
CD48, CD274, IDO1, LAG3, PDCD1 and TNFRSF9
also had significantly positive correlation with neoanti-
gens (Figure 3G-L, R? >0.2 and FDR < 0.001), which
was consistent with the significantly positive correlation
between TMB and CD274, IDO1, LAG3, PDCDI1 and

TNFRSF9 as mentioned above.
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TNFRSF9, VTCNI and TMB respectively; (G-L) are the scatter diagram between CD48, CD274, IDOI, LAG3, PDCDI, TNFRSF9 and SNV respectively.
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Relationship Between ICGs and MMRs in CRC

MMRs is an intracellular mismatch repair mechanism in
which the loss of key genetic function results in DNA
replication errors that cannot be repaired, leading to the
generation of higher somatic mutations. In the present
study, COAD somatic mutation data from TCGA was used
to assess the association between MMRs genes (MLHI,
MSH2, MSH6, PMS2, EPCAM) mutation and the expres-
sion of ICG. Among them, 43 samples had different num-
bers of MMRs mutants, the mutation information of specific
MMRs is shown in Supplementary Table 6. We found that
the expression level of MMRs was positively correlated with
ICGs. In addition, TNFRSF9 was significantly correlated
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with MMRs (Figure 4, R > 0.25), which was markedly
correlated with prognosis, TMB and neoantigens.

Relationship Between ICGs and Immune
Cell Subset in CRC

CD8+ T cells in the TME can produce interferon-gamma
(IFNYy), leading to up-regulation of adaptive immune-resis-
tance pathways, including the PD-1/PD-L1 axis and IDO1,
etc.>* Therefore, we explored whether expression of
immune subset genes, such as CD8A, GZMB, CD68 and
NOS2 in the TME was associated with expression of ICGs
(Supplementary Table 7).
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Figure 4 The correlation between the expression levels of ICGs and MMR gene mutation, the larger the point, the stronger the correlation. The redder the color in the
figure, the stronger the positive correlation; The bluer the color, the stronger the negative correlation; The whiter the color, the weaker the correlation.
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The results showed that CD8A gene was highly corre-
lated with the expression of ICGs (Figure 5A), and most of
the genes were positively correlated with one another. The
significance test of correlation coefficients showed that
most of the correlations between these genes were extre-
mely significant (p < R?, Figure 5B).

Using GSE39582 data as a validation dataset, we also
examined the expression relationship between immune
subsets and ICGs (Supplementary Table 8). As expected,

a positive relationship between them was observed. CDSA
was significantly positively correlated with TIGIT, LAGS3,
IDO1, and CD27 (Supplementary Figure 1), which was
consistent with the data set of TCGA.

A

correlation

TIGIT 0.8
PDCDI

LAG3

TNFRSF4 0.6
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Notably, the prognostic value of ICGs combined with
other immunotherapy treatment biomarkers in CRC is
context-dependent and requires further confirmation.

Association Between ICGs and Clinical
Features in CRC

The better to understand the prognostic value and under-
lying mechanisms of these ICGs, we further investigated
the relationships between ICGs expression and clinic-
pathological factors in CRC. Combined 13 ICGs that
were significantly associated with prognosis with clinical
information provided by TCGA, we analyzed the expres-
sion patterns of these 13 genes and clinical characteristics
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Figure 5 The correlation between ICGs and immune cell subsets in TCGA cohort. (A) Heat map of correlation coefficient between ICGs and immune cell subsets including
CDB8A, GZMB, CD68 and NOS2; (B) P-value test of correlation coefficient between ICGs and immune cell subsets. P-value is converted to -logl0.
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of stage T, stage N, stage M, stage, sex and new event.
The expression of all the 13 ICGs showed medium and
low level (Supplementary Figure 2). Although the expres-

sion patterns of these genes were relatively consistent at
different stages of cancer, we found that the numbers of
stage N, stage M and Stage were significantly different
between CD274, CD48 and so on (Figure 6, rank test p <
0.05). However, no significance was observed between
and stage T and the 13 ICGs

age, new event,

(Supplementary Figure 3).

Subsets Defined by ICGs are Associated

with Prognosis

Based on the analysis of above, we found that CD48 in
TCGA cohort was significantly associated with both prog-
nosis and neoantigens of CRC. Moreover, CD48 was also
significantly positively correlated with the CDSA, suggest-
ing that CD48 may cause gene expression disorder of
adaptive immune resistance pathways. Therefore, we
investigated whether, or not, the expressions of CD48
and other three important biomarkers PD-L1 (CD274),
CTLA4 and IDOIl gene combinations were associated
with prognosis in CRC.

On account of the medium and low expression levels
of IDO1, CD274, CTLA4 and CD48 in COAD samples,
we distributed these genes into high expression (H) and
low (L) groups by gene expression level density. Then, we
integrated H/L expression groups of IDO1, CD274,
CTLA4 and CDA48, respectively. According to the median
value of gene expression in COAD samples among
patients, we divided these samples into four types to
identify the prognostic correlation of ICGs genes. We
then performed survival analysis of these three pairs of
in TCGA
However, we did not observe any significant difference

genotypic samples cohort respectively.
in OS among the four types of samples (Figure 7A—C).
Then, by analyzing the best and worst prognostic samples
in TCGA separately, we found that the prognosis of the
group with low expression of CD48 and CD274 was
significantly better than that of the group with high
expression of CD48 and CD274; the prognosis of the
group with low expression of CD48 and CTLA4 was
marginally correlated with that of the group with high
expression of CD48 and CTLA4: no significant prognostic
difference was found between the group with high expres-
sion of CD48 and IDO1 and the group with low expres-

sion of CD48 and IDO1 (Figure 7D—F). Through further

analysis, we found that it showed significant differences
between the group with high expression of CD48 and
IDO1 and the group with low expression of CD48 and
IDOL1 in the early stage of COAD (stage I and II) (Figure
7G-1).

Enhancement of the Antitumor Activity
of Anti-PD-LI in CRC by Si-B7-H4 is
Dependent on NK Cells in vitro

The above results show that VCTNI1 (V-set domain-con-
taining T cell activation inhibitor 1) was not only asso-
ciated with poor outcomes in both databases, but also
closely associated with TMB in CRC. To determine
whether VCTN1 (B7-H4) is a potential therapeutic target
for enhancing anti-PD-1/PD-L1 pathway activity, we first
detected B7-H4 protein expression levels in various CRC
cell lines. As shown in Figure 8A and B, HCT-116 and
SW620 cells expressed high levels of B7-H4 both on the
cell surface and in total protein levels. It is known that NK
cells from the blood of cancer patients displayed higher
expression of B7-H4 receptor than their counterparts in
healthy donors.?® NK cells are known to secrete IFN-y and
other cytokines after activation by target cells.””*® To
examine the involvement of B7-H4 in modulating suscept-
ibility to NK cell activity by anti-PD-L1, we transduced
HCT-116 cells with B7-H4-siRNAs and RT-PCR and
Western Blot were used to detect knockdown efficiency
(Figure 8C). B7-H4-KD target cells were then tested for
susceptibility to CD56+NK-92 cells combined with anti-
PD-L1. As functional markers of NK cell activity, we
measured secretion of IFN-y (Figure 8D), the level of
CD107a degranulation®' (Figure 8E) and NK-cell-induced
apoptosis using AnnexinV/7AAD (Figure 8F). Compared
with anti-PD-L1 alone, the anti-PD-L1 and reduced
expression of B7-H4 in HCT-116 cells combination sig-
nificantly increased IFN-y secretion by NK-92 cells (p
<0.05). In the presence of anti-PD-L1, NK-92 cells
showed enhanced cytotoxicity on tumor cells following
B7-H4-KD, as measured by CD107a degranulation and
apoptosis. We then examined whether modulated B7-H4
expression on tumor target cells potentiated the anti-tumor
activity of anti-PD-L1, we added anti-PD-L1 to co-cul-
tures of NK cells with B7-H4-KD HCT-116 cells and
measured tumor cell viability by MTT assay (Figure 8G).
Compared with anti-PD-L1 alone, the combination signif-
icantly reduced cell growth in HCT-116 cells. These
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Figure 7 Kaplan- Meier survival curves for subtypes defined by ICGs associated with overall survival. Horizontal axis: overall survival time, days, Vertical axis: survival
function. KM survival curve of TCGA based on (A) high/low expression of IDO| and CD48 grouping samples; (B) high/low expression of PD-LI (CD274) and CD48; (C)
high/low expression of CTLA4 and CD48; (D) high expression of IDO1+CD48 and low expression of IDO| +CD48 in all patients. (E) high expression of PD-LI (CD274)
+CD48 and low expression of PD-LI (CD274) +CD48 in all patients; (F) high expression of CTLA4 +CD48 and low expression of CTLA4+CD48 in all patients; (G) high
expression of IDO| +CD48 and low expression of IDO| +CD48 in early stage patients; (H) high expression of PD-LI (CD274) +CD48 and low expression of PD-LI
(CD274) +CD48 in early stage patients; (I) high expression of CTLA4 +CD48 and low expression of CTLA4 +CD48 in early stage patients.

results indicate that B7-H4-inhibition increases anti-PD-
L1-mediated NK cell cytotoxicity on CRC tumor cells.

Discussion

Immune checkpoint blockade (ICB) therapy has achieved
remarkable clinical benefit in multiple cancers. Immune
checkpoint molecule PD-L1 expression was correlated
with survival benefits from anti-PD-1 therapy in most

cancers, except for CRC. The vast majority of mCRC
patients barely respond to current ICB monotherapy.** In
the present study, by using a computational approach, we
identified the expression and combined evaluated of 47
immune checkpoint genes (ICGs) in CRC and these mole-
cules can, in principal, become interesting targets for
immunotherapy. We observed that several ICGs showed
significant prognostic potential in CRC in both the TCGA

OncoTargets and Therapy 2021:14

https:

3529

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ma et al Dove
A B C
o 1 W HCT-116
e \
D N He 564, | 87.9 B7-H4 ———
e g v, SIRNA *
I BT-H [
B7-H4 - / ﬁ
LA A\ GAPDH. e

HCT-116

D E NK+HCT-116
(2]
P=0.036 E %
S [_l = ,
® =
q 2500 o |
S 2000
= I
E 1500 s
)
£ 1000 2
z 500
]
& o 2 »
& S v & .3 n n
& & & Q‘Pﬂq éﬁp Qow 9;\*? QO”
<« 2 & ¥ & L
& o ¥
& ® é’:\?‘
NK+HCT-116+aPD-L1  NK+siB7-H4-HCT-116 +aPD-L1
F CD56 G
" NK+HCT-116 NK+siB7-H4-HCT-116
o __1 T FIE LT TR E F
i o] *
: o | o | RKO Bl NK+HCT-116
= d 21 NE+5i-B7-H4 HCT-118
) > ¥ F @ 2 W NK+HCT-116+aPD-L1
[ : E L _ 1o NK+5i-B7-H4 HCT-116+aPD-L1
1s q ﬂ £
1.1 i 12 = 9
& - i i g .
i g '§ 3 I -
g : .
O 4
& »\ g? LY
- E?\é‘w' & K3 §°>' ET=10:1
& & 3
& g"\*p
" &
NK+HCT-116+aPD-L1  NK+siB7-H4-HCT-116 +aPD-L1

Annexin V

Figure 8 Reduced expression of B7-H4 enhances the antitumor activity of aPD-L| in CRC depending on NK cells in CRC cells in vitro. (A) B7-H4 total protein expression
in 4 CRC cell lines. (B) The expression levels of B7-H4 on the surface of CRC cells are measured by flow cytometry. (C) HCT-116 cells were transfected with either
negative control (NC)-siRNA or B7-H4-siRNA for 48h. B7-H4 expression levels were detected by qRT-PCR and Western blot. Controls and B7-H4-KD cell lines were
incubated with NK-92 cells pre-stimulated with 100 Units/mL IL-2 at 10:1 E/T ratio as described in Methods. Incubated cells were treated with or without 10 pug/mL PD-LI
antibody SHR-1316 for 48 h. (D) Levels of IFN-y secretion in culture supernatant was detected by ELISA. (E) The percent NK cells expressing CD107a and (F) the
AnnexinV/7AAD positive B7-H4-KD and control cells mediated by NK-92 cells were measured by flow cytometry. (G) Viable of incubated cells were determined by MTT
assay. Student’s t-tests were used for statistical analyses. Data are plotted as mean * SD. *Indicated p < 0.05.

and GEO databases. According to univariate Cox regres-
sion analysis, we identified that the VTCNI gene was
correlated with poor survival in CRC. VTCNI, can also
be called B7-H4 which is a member of the B7 family of
This
a negative regulatory factor in the T cell-mediated immune

immune-regulatory  proteins. protein acts as
response in the TME,” which has been detected in
a variety of cancers and is associated with poor clinical
prognosis.>* In CRC, high expression of B7-H4 in the
tumour stroma had higher survival rate than low B7-H4

patients,> but because there was no significant correlation

observed in cancer foci and the sample size was small, this
study did not receive much attention. In the present study,
we combined mRNAs expression of ICGs and clinical data
from two databases to show that B7-H4 can predict survi-
val in CRC. Moreover, anti-B7-H4 immunotherapy has
demonstrated significant therapeutic efficacy in vivo™®
and to be synergistic with several existing therapies,®
showing its utility in combination treatment. Our experi-
ments confirmed that down-regulation of B7-H4 increases
anti-PD-L1-mediated NK cell cytotoxicity on CRC tumor
cells. Now a series of early phase clinical trials are
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underway to explore the efficacy and safety of targeting
B7-H4 in different cancers.’” So, it suggests that B7-H4
might be new CRC prognostic molecular biomarker and
serve as a potential target for CRC immunotherapy.

Recent studies have revealed that checkpoint molecules
may participate in function and signal, through relatively
different pathways.*® In the CHECKMATE-142 trial, dual
checkpoint blockade increased response rates in dAMMR
mCRC."> At present, numerous additional combinations
are being studied in pMMR and dMMR mCRC by clinical
trials, however, little is known about the extent of coop-
erative interaction between checkpoints. Therefore, it is
advantageous to investigate the interaction between check-
points for better combination therapies. This study found
that the expression levels of these 43 ICGs were strongly
correlated with each other, which serves as the theoretical
basis for combination checkpoint blockade.

We further investigated the associations between ICGs
and other immunotherapy treatment biomarkers in CRC.
The results indicated that the expression of a series of
ICGs was significantly associated with both CRC prog-
nosis and immunotherapy treatment biomarkers TMB,
neoantigens and MMR. Previous studies show that posi-
tive PD-L1 expression in the tumour cells has been identi-
fied as a poor prognostic factor for survival in CRC.>**
However, in the microenvironment, stromal PD-L1/PD-1
expression was associated with better OS and disease-free
survival.*! To date, dMMR, high TMB and neoantigen
may be associated with better CRC specific survival.****
But it is still under investigation whether these immune
markers are confirmed as a positive prognostic marker in
mCRC. Interestingly, we found that a series of ICGs pre-
dicting poor prognosis, for example, B7-H4, IDO1, LAG3,
CD48 and TNFRSF9 had a significant positive correlation
with these immunotherapy treatment biomarkers. There is
no conflict here. Immune markers are associated with
better prognosis because these patients are better candi-
dates for immunotherapy. Hence these patients have
a good prognosis after treatment, rather than a good prog-
nosis naturally. The positive correlation here is logical.
The former refers to the up-regulation of PD-L1 expres-
sion as a result of the more aggressive biology of dAMMR
patients.** Therefore, in combination with immunotherapy
treatment biomarkers, ICG expression may be useful in
prognostic stratification of CRC, and potentially identifica-
tion of CRC cases that might respond to CPIs.

As a new component of a TNM-Immune classification
of cancer, the Immunoscore consisting of three adaptive

immune-resistance pathways markers (CD45R0O, CD3 and
CDS), is found to be a potential biomarker with which to
assess the effectiveness of CPIs as is also associated with
better survival in CRC.**** Although some famous ICG
expressions have been interrogated in multiple cohorts of
CRC, only a few studies have addressed the importance of
ICGs expression in combination with CDS8 and other adap-
tive immune-resistance pathway gene expressions that
may contribute to ICG immunosuppression.*® Our results
revealed that CD8A was significantly positively correlated
with a series of ICGs indicating that the adaptive immune
pathway gene has a certain regulatory effect on the expres-
sion of ICGs. A previous study showed that the expression
of both PD-1 and PD-L1 in CRC (n=87) was inversely
correlated with the tumour stage.*’ In our study, a series of
ICGs, including CD274 and CD48 had a significant corre-
lation with lymph node stage, metastases stage and stage
in CRC, which significantly decreased during the tumour
stage. These results indicated that the expression of ICGs
varied in different tumour stages and exhibited complex
functions in tumour progression.

We then investigated the associations between ICGs
and prognosis in CRC profoundly. Although PD1, PD-L1
and IDO1 were important immune-checkpoint genes and
important biomarkers for immunotherapy, univariate sur-
vival analysis did not show that they alone were associated
with significant prognosis in CRC. Signaling CD48 is an
adhesion and costimulatory molecule expressed constitu-
tively on most hematopoietic cells, particularly in antigen
presenting cells (APC). CD48 binds to CD2 and is
involved in a wide variety of innate and adaptive immune
responses.’’ The interaction between CD48 and CD244
has been reported to cause NK cell dysfunction in hepato-
cellular carcinoma, suggesting that CD48 may play an
important role in mediating the immune response in both
immune activation or suppression.”' Moreover, it has been
reported that CD48 can suppress CRC progression by
inhibiting the proliferation, migration, and invasion capa-
city of CRC cells as well as tumour growth in vivo.’* In
the present study, we mainly focused on the expression
pattern of ICGs and clinical correlation in CRC, so we
included these ICGs as the object. Kaplan—Meier's survival
analysis confirmed that the low expression groups of
IDO1, CD274, CTLA4 and CD48 had the best prognosis,
while the high expression groups of IDOI1, CD274,
CTLA4 and CD48 had the worst prognosis. Based on
current findings, ICGs subsets might play a role for the
prognosis differences observed between risk groups as
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defined by our ICGs. We propose that ICGs subsets might
complement risk biomarkers and improve the accuracy of
prognostic prediction in CRC.

Furthermore, a novel immune-related gene signature
has also been reported to provide some references for the
clinical precision immunotherapy of patients.”* However,
more and more studies have shown that immune check-
points play a more important role in predicting prognosis
and treatment of tumours. Therefore, our immune check-
point-based analysis has greater clinical significance,
especially for immunotherapy. There has also been
a study on the relationship between immune checkpoint
molecules with the tumor-infiltrating lymphocytes load,
patient survival and a high mutation rate in CRC.>* Our
research, however, takes a completely new perspective
and analyze the association of ICGs with prognosis,
immunotherapy biomarkers and signature genes related
to immune activation in CRC. Additionally, we identified
VTCNland CD4S8 that are directly related to CRC survi-
val and validated them by preclinical trials. Finally, here
are some deficiencies of this study. Regrettably, we did
not observe any significant differences in patients in
stage III + stage IV divided by CTLA4 and IDOI,
suggesting that these subtypes we found are more effec-
tive in predicting prognosis in early stage CRC.
Meanwhile, whether CD48 can predict the prognosis of

CRC still needs more experimental and clinical
verification.
Conclusion

In summary, the gene expressions of 47 ICGs in CRC and
their associations with clinical outcome and other immu-
notherapy treatment biomarkers were demonstrated. Both
VTCNI1 and CD48 showed a negative correlation with
CRC specific survival and positive correlation with several
immunotherapy biomarkers. Finally, we believe that
VTCNI and CD48 may serve as potential prognostic fac-
tors as well as therapeutic targets in CRC. Moreover,
further illumination of the underlying mechanisms and
the interactions among these ICGs may have important
implications for the success of checkpoint blockade
in CRC.
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