O
&
o3
=
()
e
o
S
o

Protein Cell 2019, 10(11):840-845
https://doi.org/10.1007/s13238-019-0642-z

LETTER

Protein & Cell

Analysis of VISTA expression and function
in renal cell carcinoma highlights VISTA
as a potential target for immunotherapy

Dear Editor,

Tumors evade immune surveillances, in part via negative
regulatory pathways (also called checkpoints) that also
regulate immune tolerance to autoimmunity (Thommen
et al., 2018). Checkpoint inhibitor therapy, i.e., anti-CTLA-4
and anti-PD-1, has been approved to be an effective thera-
peutic approach in a variety of cancers (Mariathasan et al.,
2018). However, only a subset of cancer patients shows
durable responses (Callahan et al., 2016), urging for a
broader investigation beyond PD-1 and CTLA-4. Renal cell
carcinoma (RCC), the most common kidney cancer, was
often considered as an immunogenic tumor based on high
levels of T cell infiltration (Finke et al., 1992). However, the
infiltrating T cells in RCC were reported to be characterized
by a low amount of expanded T cell clonotypes (Sittig et al.,
2013). Unexpectedly, the objective response rates to anti-
PD-1 antibody were 18%—-31% in PD-L1" RCC patients vs.
9%-18% in PD-L1" patients (Motzer et al., 2015; McDermott
et al., 2016). Thus, there is an urgent need for investigation
on immune evasion mechanisms in RCC, especially PD-1-
independent ones.

We thus hypothesized that the low response rate to PD-1
blockade may be caused by co-expression of other check-
point molecules in the immunosuppressive tumor microen-
vironment (TME). First, we analyzed the mRNA expression
level of several checkpoint molecules in the B7 superfamily
through GEPIA using data from TCGA and Oncoprint. We
found there was no significant difference in CD274 (encod-
ing PD-L1) expression between RCC tumors and adjacent
non-tumoral tissues (Fig. S1A), regardless of RCC types,
clear cell RCC (ccRCC), chromophobe RCC (chRCC) or
papillary RCC (pRCC). Notably, C700rf54 (encoding VISTA)
was significantly upregulated in tumors from patients with
ccRCC and downregulated in chRCC tumors compared to
adjacent non-tumoral tissues. CD276 (encoding B7-H3) was
highly expressed in tumors from patients with ccRCC as well
as pRCC, whereas VTCN1 (encoding B7S1) expression
was significantly reduced in all RCC types compared to
adjacent non-tumoral tissues. In addition, the expression
levels of CD276 and C7100rf54 were especially higher than

CD274 in ccRCC tumors (Fig. S1B). These data might
underscore the low response rates to PD-1/PD-L1 inhibitors
in ccRCC.

To evaluate the expression of the above checkpoint
molecules at the protein level in ccRCC accounting for 75%
of RCC, paired tumor and para-tumor tissues (2 cm away
from tumors) were analyzed by immunofluorescence. The
clinical and pathological characteristics of the patients were
summarized in Table 1. Figures 1A and S2 show that
VISTA was mostly expressed on CD45" cells in para-tu-
mors and tumors, consistent with published data that
human VISTA is predominantly expressed in hematopoietic
tissues and highly expressed within myeloid compartment
(Lines et al., 2014; Ni and Dong, 2017b, a). Moreover, the
expression level of VISTA in para-tumors was significantly
lower than that in tumor sections (Fig. 1B), in line with the
expression pattern of VISTA mRNA. In contrast, the
expression levels of B7-H3 and B7S1 proteins were low in
both para-tumors and tumors with no significant difference
between the two samples, inconsistent with its mRNA
expression pattern (Fig. 1A and 1B). PD-L1 was predomi-
nantly expressed by CD45" cells (Figs. 1A and S2), and
there was no significantly difference in PD-L1 expression
between para-tumors and tumor tissues (Fig. 1B). To
investigate whether ccRCC tumor cells express VISTA,
sequential tumor sections were stained by anti-pan-cytok-
eratin and anti-VISTA, respectively. As shown in Figure 1C,
pan-cytokeratin-expressing cells also showed VISTA
expression, indicating that ccRCC tumor cells expressed
VISTA, but at a relatively lower level.

Since VISTA is mainly expressed on tumor-infiltrated
CD45" cells, we next sought to identify which subsets of
myeloid cells express VISTA. TILs from ccRCC patients
were isolated following enzymatic digestion as our lab pre-
viously described (Xie et al., 2018). In addition, peripheral
blood mononuclear cells (PBMCs) from the same patients
were also used as controls. Different surface markers were
employed to distinguish myeloid dendritic cells (mDCs,
Lin"HLA-DRMCD11C*CD1237), monocytes/macrophages
(CD14"HLA-DR™) and monocytic myeloid-derived suppres-
sor cells (MMDSCs, CD14"HLA-DR°"). As shown in
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Table 1. Clinical and pathological characteristics of the ccRCC
patients

Patient No. Gender Age TNM stage Tumor
stage

P#1 male 59 T2NOMO 1]
P#2 male 65 T1NOMO Il
P#3 male 48 T2NOMO Il
P#4 male 71 T2NOMO Il
P#5 male 56 T1NOMO Il
P#6 female 64 T2N1MO 1]
P#7 male 52 T2N1MO 1]
P#8 female 56 T1NOMO Il
P#9 female 59 T1NOMO Il
P#10 male 59 T1NOMO Il
P#11 male 48 T2NOMO |
P#12 male 45 T1NOMO Il
P#15 male 58 T1NOMO Il
P#16 female 70 T1NOMO Il
P#17 male 49 T1NOMO Il
P#18 male 82 T2NOMO Il
P#19 female 35 T1NOMO |
P#20 male 44 T1NOMO Il
P#23 male 51 T1NOMO |
P#25 female 60 T2NOMO Il
P#26 male 61 T1NOMO |
P#28 male 58 T2NOMA1 11l
P#29 male 64 T1NOMO Il
P#30 female 69 T1NOMO Il
P#31 male 74 T1NOMO |
P#32 male 61 T1NOMO |
P#34 female 56 T1NOMO Il
P#35 female 51 T2NOM1 1]l
P#37 female 76 T1NOMO Il
P#41 female 58 T2NOM1 1]l
P#43 female 77 T2N1M1 \%
P#44 male 67 T2NOM1 Il
P#45 female 48 T3NOMO Il
P#46 male 52 T1NOMO Il
P#47 female 68 T1NOMO Il
P#48 male 29 T1NOMO Il
P#50 female 54 T1NOMO Il
P#51 male 46 T1NOMO Il
P#52 female 53 T1NOMO 1]
P#53 male 64 T1NOM1 |
P#54 female 73 T1NOMO Il
P#55 male 70 T1NOMO 1]

© The Author(s) 2019

Table 1. continued

Patient No. Gender Age TNM stage Tumor
stage
P#56 male 48 T1NOMO Il
P#57 female 70 T1NOMO Il
P#58 female 75 T1NOMO Il
P#59 female 57 T1NOMO Il
P#60 male 41 T3NOMA1 |
P#62 male 48 T1NOMO Il
P#64 female 65 T1NOMO |
P#65 male 54 T2NOMO |
P#66 male 50 T3NOMO 11l
P#68 male 65 T3NOMO Il
P#69 male 66 T1NOMO |
P#HEX-1 male 44 T1NOMO Il
P#EX-2 female 66 T1NOMO |
P#EX-3 male 51 T1NOMO -l
P#HEX-4 female 51 T1NOMO Il
P#EX-5 male 85 T2N1MO Il
P#EX-6 male 35 T1NOMO Il
P#EX-7 male 50 T1NOMO |
P#EX-8 female 58 T2NOM1 Il
P#EX-9 male 61 T2NOMA1 Il
P#EX-10 male 49 T1NOMO |
P#EX-11 male 54 T1NOMO 1l
P#EX-12 female 60 T2NOMO Il
P#EX-13 male 72 T2n0mO Il
P#EX-14 male 45 T1NOMO 1l
P#EX-15 male 52 T1NOMO |
P#EX-16 male 58 T2NOMA1 11l
P#HEX-17 female 67 T2NOMO Il

Figure 1D-E, the percentages of VISTA-expressing macro-
phages in the tumors were significantly higher than in
PBMCs and para-tumors. However, we did not find signifi-
cant difference in VISTA expression on mDCs or MDSCs
among PBMC, para-tumors and tumors. Consistent with the
immunofluorescence results, PD-L1 was not expressed on
myeloid cells in ccRCC patients (data not shown). Collec-
tively, the above data not only confirmed the high prevalence
of VISTA expression in ccRCC tumors at both mRNA and
protein levels, but also revealed the distinct expression
patterns of VISTA and PD-L1 in this cancer type.

VISTA is a negative immune checkpoint protein. VISTA
expressed on APCs can suppress antigen-specific T cell
activation during cognate interactions between APCs and T
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cells (Wang et al., 2011). Since CD14"HLA-DR* macro-
phages in the ccRCC tumors expressed higher levels of
VISTA, we sought to investigate the relevance of VISTA
expression with infiltration and function of CD8" TILs. To that
end, ccRCC patients were divided into two groups (VISTA™
and VISTA®") based on the average frequency of VISTA*
cells in all CD14" myeloid cells (The cut-off value is 17.8%).
Figure 2A and 2B show that significantly higher frequency of
CD45" TILs as well as CD3*CD8" TILs was found in VIS-
TAY patients than VISTA™ patients. In contrast, VISTAY
patients had significantly lower fractions of CD4" TiLs.
These findings indicate that VISTA expression on intratu-
moral CD14" myeloid cells was negatively associated with
the degrees of CD8" T cell infiltration. Moreover, CD8" TILs
in VISTA®™ patients displayed higher co-expression of
granzyme B and perforin than those in VISTAM patients
(Fig. 2C and 2D). We also observed a significant increase in
TNFa*CD8" TILs in VISTA®" patients. However, these two
groups expressed similar levels of IFNy (Fig. 2C and 2D).
These findings indicate that VISTA expression reversely
correlates with the cytolytic function of CD8" TILs, and more
closely, with TNFa, but not IFNy, expression. Due to very few
NK TILs in some of the ccRCC patients, the correlation
between VISTA expression and NK function could not be
analyzed.

Having demonstrated that VISTA and PD-L1 may con-
tribute to immune evasion in human ccRCC, we next sought
to evaluate the efficacy of anti-VISTA alone or in combination
with anti-PD-1 in a syngeneic mouse RCC model, RENCA.
Murine VISTA is reported to be primarily expressed by
hematopoietic cells and highly upregulated on APCs, but not
on B cells, NK cells or granulocytes (Wang et al., 2011; Ni
and Dong, 2017b). We found that the RENCA cell line
exhibited strong PD-L1 but weak VISTA expression
(Fig. S3A). We then investigated the expression patterns of
VISTA and PD-L1 in this murine tumor model. Balb/c mice
were subcutaneously inoculated with RENCA cells. On day
20, single cell suspensions of tumors were prepared and
stained. VISTA was mainly expressed by CD45" TILs, but
was detected on very few intratumoral CD45" cells. In line
with human counterpart, mouse VISTA was highly expres-
sed on CD11b*, F4/80%, and CD11c” myeloid cells in the
tumor (Fig. S3B). In contrast to VISTA, PD-L1 was mainly
expressed by CD45™ cells and moderate PD-L1 expression
was found on CD11b™ and F4/80* myeloid cells (Fig. S3B).

To assess the function of VISTA, Balb/c mice were sub-
cutaneously inoculated with RENCA cells and treated ther-
apeutically with control Ig, anti-VISTA, anti-PD-1, or anti-
VISTA plus anti-PD-1 antibodies on day 7, 10, 13, 16, and 19
via intraperitoneal injection. Figure 2E shows that either anti-
VISTA or anti-PD-1 monotherapy significantly reduced tumor
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growth compared to control Ig treatment. Although combi-
nation of VISTA and PD-1 blockade also resulted in signifi-
cant tumor reduction, the combined therapy did not elicit a
synergistical effect on tumor growth compared with each
monotherapy. Notably, we found very few CD3" or CD8"
TILs, but abundant intratumoral myeloid cells (data not
shown), consistent with a previous report on RENCA tumor
model with disappear of all major T cell subpopulations in
late tumors (Yu et al., 2018). Therefore, we could not analyze
CD8" TILs phenotypically and functionally. In contrast to
clinical tumors that contained high percentage of T cells, the
RENCA mouse model may not accurately recapitulate the
human RCC tumor biology. A xenograft kidney tumor model
should be utilized in future study to predict response and
investigate the underlying molecular mechanism of this
combined therapy.

This study is the first comprehensive phenotypic and
functional analysis of VISTA in ccRCC tumors. Higher VISTA
is detected in ccRCC tumors than that in non-tumoral tissues
at both mMRNA and protein levels. However, unlike PD-L1 that
is mainly expressed by CD45™ cells, VISTA is highly expres-
sed by intratumoral myeloid cells. ccRCC tumor cells also
express VISTA at low levels. Notably, VISTA expression
strongly correlated with poor CD8" T cell responses and
blockade of VISTA signaling significantly reduced the growth
of murine RENCA RCC model. Taken together, these findings
indicate that VISTA functions in suppressing tumor immunity
and could serve as a target for immunotherapy in ccRCC.
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