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Negative immune checkpoint blockade immunotherapy has shown potential for multiple malignancies including colorectal cancer
(CRQ). B7-H5, a novel negative immune checkpoint regulator, is highly expressed in tumor tissues and promotes tumor immune
escape. However, the clinical significance of B7-H5 expression in CRC and the role of B7-H5 in the tumor microenvironment (TME)
has not been fully clarified. In this study, we observed that high B7-H5 expression in CRC tissues was significantly correlated with
the lymph node involvement, AJCC stage, and survival of CRC patients. A significant inverse correlation was also observed between
B7-H5 expression and CD8" T-cell infiltration in CRC tissues. Kaplan—Meier analysis showed that patients with high B7-H5

expression and low CD8" T-cell infiltration had the worst prognosis in our cohort of CRC patients. Remarkably, both high B7-H5
expression and low CD8™ T infiltration were risk factors for overall survival. Additionally, B7-H5 blockade using a B7-H5 monoclonal
antibody (B7-H5 mADb) effectively suppressed the growth of MC38 colon cancer tumors by enhancing the infiltration and Granzyme
B production of CD8" T cells. Importantly, the depletion of CD8" T cells obviously abolished the antitumor effect of B7-H5 blockade
in the MC38 tumors. In sum, our findings suggest that B7-H5 may be a valuably prognostic marker for CRC and a potential target for

CRC immunotherapy.
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INTRODUCTION
Colorectal cancer (CRC) is a common malignant gastrointestinal
tumor that seriously threatens human life and health [1]. Its morbidity
and fatality rates have been on the rise in recent years. The global
incidence and the mortality rate of CRC ranked third and second
among all malignant tumors according to the statistics in 2020 [2].
The incidence of CRC is also increasing in China, especially in cities.
Some traditional cancer treatments, such as surgery, chemotherapy,
and radiation therapy, have been proven to prolong the 5-year life
span of CRC patients, but these aforementioned treatments are still
not ideal for CRC patients with advanced stages [3]. Therefore, it is
extremely urgent to develop effective treatments for CRC patients
and reduce the social burden caused by such diseases.
Immunotherapy based on negative immune checkpoint blockade
has shown potential for multiple malignancies, such as melanoma,
lung cancer, and CRC [4-6]. In 2017, the US. Food and Drug
Administration (FDA) approved the monoclonal antibodies pembro-
lizumab and nivolumab against the immune checkpoint molecule
PD-1 for second-line treatment of patients with CRC [5-7]. However,
the efficacy of immune checkpoint blockade therapies in CRC
patients is limited [8-10]. Therefore, it is meaningful to discover new
immune checkpoints to enrich the treatment methods based on
negative immune checkpoint blockade.

B7-H5, also known as VISTA, is one of the negative immune
checkpoints of the B7 family, which was first discovered in 2011
[11]. B7-H5 is mainly expressed in myeloid cells such as
macrophages, monocytes, dendritic cells, and T cells [12], and
B7-H5 is highly expressed in a variety of tumors, including
melanoma, pancreatic cancer, prostate cancer, non-small cell lung
cancer, renal cell carcinoma, and CRC [13-17]. Importantly, the
expression of B7-H5 has been associated with the prognosis of
patients with CRC [15]. Isabelle et al. utilized a B7-H5-specific
blocking mAb to demonstrate that B7-H5 blockade enhanced
protective antitumor immunity and impaired the suppressive
character of the tumor microenvironment (TME) [18]. In acute
myeloid leukemia, myeloid-derived suppressor cells (MDSCs)-
expressed B7-H5 significantly caused the inhibition of CD8
T-cell activity [19]. These findings indicated that B7-H5 is an
important negative checkpoint regulator in the TME, but the
clinical significance of the B7-H5 expression in CRC and the role of
B7-H5 in the TME remain to be elucidated.

In this study, the protein expression of B7-H5 was markedly
increased in tumor tissues of CRC patients and associated with a
poor prognosis of patients with CRC. In addition, there was a
negative correlation between B7-H5 expression and CD8" T-cell
infiltration in CRC tissues. Moreover, we observed that B7-H5
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Fig. 1 B7-H5 was abnormally expressed in CRC. A Representative B7-H5 IHC staining pattern of human CRC tissue and normal adjacent
tissue (NAT). The staining score ranged from 0 to 3. B B7-H5 protein expression based on its staining index in CRC and NAT specimens. C The
overall survival of patients with high or low B7-H5 expression was analyzed by Kaplan—Meier method (P =0.0019). Values are expressed as

means (SEMs). ***P < 0.001.

blockade obviously suppressed tumor growth in mice bearing
MC38 tumors by elevating the infiltration and Granzyme B
production of CD8™ T cells.

RESULTS

B7-H5 is highly expressed in CRC tissues and is correlated with
the prognosis of CRC patients

Here, an immunohistochemistry (IHC) assay was used to examine
the protein expression of B7-H5 CRC tissues. As shown in Fig. 1A, the
protein expression of B7-H5 was detected in immune cells of CRC
tissues. B7-H5 expression was scored as 0, 1+, 2+, and 3+ according
to the immunohistochemical expression intensity (Fig. 1A). We
observed that 97.7% of tumor tissues showed B7-H5 expression and
2.3% did not express (Table 1). In addition, compared with normal
adjacent tissues, the expression of B7-H5 in cancer tissues was
significantly increased (Fig. 1B). Moreover, B7-H5 expression
according to the clinical indicators of patients with CRC was shown
in Table 1. The results noted that B7-H5 expression was significantly
correlated with the lymph node involvement (P = 0.036), AJCC stage
(P=0.037), and survival (P =0.026). Importantly, patients with high
expression of B7-H5 (IHC score: 2+ and 3+) predicted a shorter
overall survival compared with patients with low expression of B7-
H5 (IHC score: 0 and 1+) (Fig. 1C).

B7-H5 expression and CD8" T infiltration in CRC tissues

Next, we examined the relationship between B7-H5 expression and
CD8" T-cell infiltration in tissue samples of patients with CRC. As
shown in Fig. 2A, B, there was a markedly negative correlation
between B7-H5 expression and CD8™" T-cell infiltration in CRC tissue
(r=-0.3709, P<0.001). Moreover, the prognostic value of B7-H5
expression and CD8™" T infiltration in CRC tissue was evaluated. As
shown in Fig. 2C, we classified four types of B7-H5/CD8 expression,
namely, B7-H5'°"CD8*T"°%, B7-H5'°YCD8 T"9", B7-H5MIhCD8 "%,
and B7-H5MI"CD8 T"9", The results of the Kaplan—Meier survival
analysis showed that patients in the B7-H5"9"CD8*T"*" group had
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a significantly worse prognosis than those in the other three groups
(Fig. 2Q). In addition, univariate and multivariate analysis indicated
that age, N stage, high level of B7-H5 expression, and low levels of
CD8" T infiltration were risk factors for the overall survival of
patients with CRC (Table 2).

B7-H5 inhibition suppresses tumor growth and promotes
CD8" T-cell infiltration

To investigate the role of B7-H5 in CRC tumors, MC38 mouse
tumor models were established and administered B7-H5 mAb. As
shown in Fig. 3A, treatment with B7-H5 mAb significantly
suppressed the growth of MC38 tumors.

Then, we investigated whether the therapeutic effects of B7-H5
mAb were associated with CD8" T cells. The sections from MC38
tumors were firstly evaluated for hematoxylin and eosin (H&E)
staining (Supplementary Fig. 1). The results of immunofluorescence
staining indicated that B7-H5 mAb treatment obviously enhanced the
immune cell infiltration, evidenced by the ratio of CD3" T cells in the
MC38 tumor tissues (Fig. 3B). Importantly, compared with the control
group, the ratio of CD8" T cells was significantly increased in the
tumor tissues of the B7-H5 mAb treatment group (Fig. 3B). In addition,
we obtained similar results by flow cytometry assay (Fig. 3C).

B7-H5 blockade-mediated tumor growth inhibition is CD8"
T-cell-dependent

Having demonstrated that B7-H5 inhibition increased the infiltration
of CD8™ T cells, we next sought to examine whether the therapeutic
effects of B7-H5 blockade were CD8" T-cell-dependent. As shown in
Fig. 4, the depletion of CD8" T cells obviously abolished the
antitumor effect of anti-B7-H5 blockade alone.

B7-H5 blockade promotes Granzyme B expression by CD8"
T cells

Next, we sought to explore the role of B7-H5 in modulating the
function of CD8™ T cells in vitro. Intracellular Granzyme B and IFN-
y levels in CD8™ T cells after treatment with or without B7-H5 mAb
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were analyzed by flow cytometry. Compared with the control
group, the proportion of Granzyme B-positive CD8" T cells was
significantly increased in the B7-H5 mAb group (Fig. 5A). However,
Characteristic Total no. B7-H5 expression P value B7-H5 inhibition had no effect on the proportion of IFN-y positive
CD8* T cells (Fig. 5B).

Table 1. B7-H5 expression and clinical features in 87 colorectal cancer
patient samples.

0 1 2 3

All cases 87 2 36 27 22
Age DISCUSSION
<70 37 o 18 11 8 It has been previously reported that the aberrant expression of B7-
H5 in cancers is related to the poor prognosis for multiple cancers,
270 50 2 18 16 14 such as lung cancer, oral squamous cell carcinoma, and CRC [20].
Gender 0.292 Franz et al. showed that elevated expression of B7-H5 was
Male 46 1 20 17 8 significantly associated with longer 5-year overall survival of
Female o 1 6 10 14 patients with non-small cell lung cancer [14]. In human oral
squamous cell carcinoma, the B7-H5 protein expression was
Tumor depth 0:243 markedly increased in tumor tissues and was correlated with
T1/T2 6 0 1 3 2 lymph node status [21]. Herein, we observed that compared with
T3/T4 81 2 35 24 20 normal adjacent tissues, the expression of B7-H5 was significantly
LN involvement 0.036 increased in cancer tissues. Moreover, B7-H5 expression was
significantly correlated with the lymph node involvement, AJCC
NO 53 1 26 18 stage, and survival in our cohort of CRC patients. These results
N1/N2 34 1 0 11 13 were consistent with a previous study, which also indicated that
Pathological grading 0.51 high expression of B7-H5 mRNA was associated with poor
prognosis in colon cancer in a cohort of patients from The Cancer
Moderate 8 ! 3 0 13 Genome Atlas (TCGA) dataset GSE40967 [22]. The study by Shan
Poor 39 T 13 18 et al. found that the protein levels of B7-H5 in CRC specimens
AJCC stage 0.037 were much higher than those in para-tumors and normal tissues
i 53 1 2% 17 9 [15]. Another discrepancy report showed that high B7-H5
v 34 1 10 10 13 expression was observed significantly more frequently in patients
with NO stage, stage |-, and colon adenocarcinoma, and
Death 0.026 correlated with a favorable prognosis [23]. The inconsistent data
= 35 0o 22 6 7 on the correlation between high B7-H5 expression and prognosis
+ 52 2 14 2 15 of CRC patients might be related to the CRC specimens with
different stages. In the current study, the univariate and multi-
variate analysis also showed that abnormal B7-H5 expression
increases the risk of death in patients. Thus, high B7-H5 expression
in CRC can act as a prognostic factor.
A
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Fig. 2 Relationship between B7-H5 and CD8" T-cell infiltration in CRC. A Representative B7-H5 and CD8" T IHC staining images from
patients #10 and #40 were shown. B The correlation between B7-H5 expression and CD8" T-cell infiltration was analyzed. r= —0.3709, P <
0.001. C Kaplan—Meier curves of overall survival of CRC patients according to four subtypes based on B7-H5 and CD8 expression.
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Table 2. Univariate and multivariate analysis of overall survival.
Characteristic Univariate P value
HR (95% Cl)

Gender

Male vs female 1.022 (0.592-1.764) 0.937
Age

<70 vs 270 2.122 (1.175-3.833) 0.013
T stage

T1/T2 vs T3/T4 242 (0.588-9.958) 0.221
N stage

NO vs N1/N2 2.847 (1.638-4.949) 0.0002
B7-H5 expression

Low vs high 2.479 (1.369-4.488) 0.003
CD8 infiltration

Low vs high 0.387 (0.215-0.696) 0.002
Pathological grading

Moderate vs poor 1.506 (0.874-2.597) 0.14

Tumor-infiltrating CD8" T cells are correlated with better patient
prognosis in various tumor types including CRC [24]. For example,
ovarian cancer patients with more tumor-infiltrating CD8" T
lymphocytes had a significantly better prognosis compared with
patients with less count [25]. In addition, tumor-infiltrating CD8"
T cells were an independent positive prognostic marker in CRC [26].
Hence, we further analyzed the correlation between B7-H5
expression and CD8' T-cell infiltration in cancer lesions in our
cohort of CRC patients. A significant inverse correlation was
observed between B7-H5 expression and CD8" T-cell infiltration in
CRC tissues. Interestingly, the survival analysis of B7-H5 expression in
combination with CD8™" T-cell infiltration in CRC lesions showed that
patients with high B7-H5 expression and low CD8" T-cell infiltration
had the worst prognosis in our cohort of CRC patients. Besides, both
high levels of B7-H5 expression and low levels of CD8* T infiltration
were risk factors for the overall survival of patients with CRC. These
results suggest that B7-H5 expression synergized with CD8" T-cell
infiltration may be a valuably clinical prognostic parameter for CRC.
However, the relationship between B7-H5 and other immune cells
such as CD4™ T cells, tumor-associated cells (TAMs), and MDSCs in
the CRC TME should be further clarified.

B7-H5 has been demonstrated to be an important negative
regulator of T-cell function, which further mediated the immune
escape of several malignancies such as melanoma, bladder, glioma,
and CRC [18, 27, 28]. Isabelle et al. noted that B7-H5 mAb
treatment not only elevated the infiltration, proliferation, and
effector function of tumor-reactive T cells in the TME in both
melanoma and bladder mouse models but also altered the
suppressive feature of the TME [18]. Moreover, treatment with
B7-H5 mAb effectively impaired the growth of established
melanoma or bladder tumors [18, 29]. B7-H5 knockout mice were
highly resistant to tumor induction in a murine brain glioma model
through activating CD4" T-cell-mediated immunity [27]. Addition-
ally, a blockade using a monoclonal antibody specific for B7-H5 led
to tumor regression in the CT26 colon cancer model [28]. In the
present study, we observed that B7-H5 inhibition using a
commercial monoclonal antibody effectively suppressed the
growth of MC38 colon cancer tumors. Furthermore, B7-H5 mAb
administration significantly increased CD8" T-cell infiltration in the
MC38 tumor tissues. More importantly, depletion of CD8" T cells
obviously abolished the antitumor effect of anti-B7-H5 blockade in
the MC38 colon cancer tumors. Besides, B7-H5 has been found to
inhibit mouse and human CD8" T-cell proliferation, as well as the
production of cytokines [11]. Herein, our results showed that B7-H5

SPRINGER NATURE

Characteristic Multivariate P value
HR (95% Cl)

Gender

Male vs female 0.96 (0.503-1.835) 0.903
Age

<70 vs 270 1.932 (1.008-3.704) 0.047
T stage

T1/T2 vs T3/T4 2.047 (0.476-8.805) 0.336
N stage

NO vs N1/N2 2.391 (1.272-4.493) 0.007
B7-H5 expression

Low vs high 1.984 (1.058-3.718) 0.033
CD8 infiltration

Low vs high 0.478 (0.258-0.888) 0.019
Pathological grading

Moderate vs poor 1.54 (0.854-2.775) 0.151

inhibition significantly increased the proportion of Granzyme
B-positive CD8™ T cells in vitro. These results suggest that B7-H5
blockade-mediated tumor regression in the MC38 colon cancer
model in a CD8" T-cell-dependent manner. However, the precise
role and mechanism of B7-H5 in the regulation of CD8" T-cell
infiltration or cytokine production in the TME of CRC is still unclear.
Further investigations are required to answer this question.

In conclusion, our study showed that B7-H5 was highly
expressed in CRC, which was closely related to the prognosis of
patients. Moreover, B7-H5 expression synergized with CD8" T-cell
infiltration may predict the survival of CRC. Importantly, our results
revealed that B7-H5 blockade inhibited tumor growth by
enhancing CD8" T-cell infiltration and response in the TME of
CRC. Collectively, B7-H5 may be a valuably prognostic marker for
CRC and a potential target for CRC immunotherapy.

MATERIALS AND METHODS

Patients and specimens

CRC tissue microarray (TMA) chips were obtained from Shanghai Biochip
Co., Ltd. (Shanghai, China), which contained 87 pairs of CRC tissue samples
and adjacent normal tissues with follow-up data. The relevant clinical data
of each patient were collected and provided in Table 1. Overall survival was
defined as the time elapsed from surgery to death. Also, we obtained
approval for this study from the Ethics Review Board of the First Affiliated
Hospital of Soochow University.

Immunohistochemistry

IHC was performed as previously described [30]. In brief, paraffin-
embedded tissues in the CRC TMA chip or mouse tumor tissues were
incubated with rabbit anti-human VISTA (B7-H5) antibody (CST, Danvers,
MA, USA) and rabbit anti-human CD8a antibody (Abcam, Cambridge, MA,
USA) at 4°C overnight, and this was followed by incubation with the
corresponding HRP-labeled secondary antibody (Genetech, China) for
45 min at room temperature.

The score of IHC was judged by two experienced pathologists. About the
B7-H5 staining score, the rating intensity was 0—3 points (0, no staining; 1+,
low staining; 2+, moderate staining; 3+, high staining). To facilitate research,
samples were divided into the low expression group (with scores of 0 and 1)
and the high expression group (with scores of 2 and 3). Each organization
area was scored according to formula (3+ percent cells) x 3+ (24 percent
cells) x 2+ (14 percent cells)x 1. Then an immunohistochemistry score
ranging from 0 to 300 was produced. The ratio of the number of positive cells
to the total number of positive cells in the tumor (between 0 and 1) is
regarded as the evaluation of CD8+ T infiltration.

Cell Death Discovery (2021)7:248
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Fig. 3 B7-H5 inhibition suppressed tumor growth in mice and promoted CD8" T-cell infiltration in the tumor tissues of MC38 model.
A Growth curve of MC38 tumors after treatment with monoclonal anti-mouse B7-H5 antibody (B7-H5 mAb) or control IgG. n=7. The
experiments were performed in triplicate. Values are expressed as means (SEMs). **P < 0.01. B The proportion of CD3" T and CD8" T cells in
tumor tissues from MC38 tumors after treatment with B7-H5 mAb or control IgG was analyzed by immunofluorescence (original magnification
%200). A representative image was shown. n = 4. The experiments were performed in triplicate. Values are expressed as means (SD). *P < 0.05;
**P < 0.01. C The proportion of CD8" T cells in the CD45" T cells of tumor tissues from MC38 tumors after treatment with B7-H5 mAb or
control IgG was analyzed by flow cytometry. A representative image was shown. n = 4. The experiments were performed in triplicate.

Cell culture

MC38 cells were purchased from the American Type Culture Collection
(ATCC, Manassas, VA), and were cultured in Dulbecco’s Modified Eagle
Medium (DMEM, Biological Industries, BeitHaemek, Israel) supplemented
with 10% fetal bovine serum (Biological Industries) and 1% penicillin-
streptomycin (Beyotime, Shanghai, China).

Mouse tumor experiments

C57BL/6 female mice aged 6—8 weeks were purchased from Laboratory
Animal Technology Co., Ltd (Shanghai, China). MC38 cells (1 x 10° per
mouse) were subcutaneously injected into the right flanks of C57BL/6 mice.

Cell Death Discovery (2021)7:248

To evaluate the effect of B7-H5 on tumor progression, tumor-bearing mice
were intraperitoneally injected with monoclonal anti-mouse B7-H5 anti-
body (B7-H5 mAb, BioXCell, West Lebanon, NH, USA) or control IgG at a
dose of 200 pg/mouse twice a week. To investigate whether the therapeutic
effect of B7-H5 mAb was CD8" T-cell-dependent, tumor-bearing mice were
co-treated with B7-H5 mAb and monoclonal anti-mouse CD8 (CD8" T mAb,
BioXCell) at a dose of 200 pug/mouse through intraperitoneal injection twice
per week. Tumor size was monitored every 2-3 days. The tumor volume
was calculated according to the formula: 1/2 x L(length) x W(width) [2]. For
H&E staining, frozen sections from the xenografted tumor tissues were fixed
with 4% paraformaldehyde, stained by H&E kit (Beyotime, Shanghai, China)
according to the manufacturer’s protocol.

SPRINGER NATURE
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in CD8" T cells after treatment with IgG or B7-H5 mAb were detected by flow cytometry. A representative image is shown. The experiments
were performed in triplicate. Values are expressed as means (SD). **P < 0.01.

Immunofluorescent analysis the slides were incubated with DAPI at room temperature for 5min. All
Frozen sections from mouse tumor tissues (thickness 5 um) were blocked with fluorescence images were taken using a Nikon Eclipse/ NI-U microscope. The
5% bovine serum albumin for 1 h at 37 °C and stained with anti-mouse CD3 CD3" T and CD8™ T ratio was calculated in three random view fields.

antibody (Proteintech, Wuhan, China) or FITC-conjugated anti-mouse CD8
antibody (Biolegend, San Diego, CA, USA) overnight at 4 °C. For CD3 staining,
the sections were incubated with Alexa Fluor® 594-labeled goat anti-rabbit
secondary antibody (Abcam) staining for 45 min at room temperature. Next,

Flow cytometry
The tumor tissue of the mouse was digested with DNasel (0.02 mg/ml,
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Sigma-Aldrich, St. Louis, MO, USA) and LiberaseTL (0.2 mg/ml, Roche, Basel,
Switzerland) in serum-free RPMI1640 medium for 30 min. After filtered
using a 70 pm cell filter, single-cell suspensions were further stained with
the following fluorochrome-conjugated antibodies: PE-conjugated anti-
CD45 (Biolegend) and FITC-conjugated anti-CD8 (Biolegend).

CD8" T-cell isolation

CD8+ T cells were isolated from the spleen of BALB/c mice using anti-PE
MicroBeads (Miltenyi Biotec) and PE-conjugated anti-CD8 (Biolegend)
according to the manufacturer’s protocol.

Intracellular IFN-y and Granzyme B staining

For intracellular IFN-y and Granzyme B staining, CD8" T cells (2 x 10° cells
per well) were seeded in 24-well plates and treated with or without anti-
CD3, anti-CD28 (Biolegend), or monoclonal anti-mouse B7-H5 antibody.
After 72 h, CD8" T cells were incubated with Brefeldin A (Biolegend) for
10 h. Subsequently, cells were surface stained with PE-conjugated anti-CD8
(Biolegend), followed by intracellular staining for APC-conjugated anti-IFN-
y (Invitrogen, Carlsbad, CA, USA) and PE/Cy7-conjugated anti-Granzyme B
(Biolegend).

Statistical analysis

Statistical analysis was performed using the SPSS software (IBM Corpora-
tion, Armonk, NY, USA). A chi-square test was used to compare the
expression of B7-H5 protein. Pearson correlation analysis was used to
analyze the correlation between B7-H5 and CD8" T infiltration. Survival
analysis was performed by using the Kaplan-Meier method. P < 0.05 was
considered statistically significant.

DATA AVAILABILITY
The datasets used and analyzed during the current study are available from the
corresponding authors on reasonable request.
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