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ABSTRACT

Background Craniopharyngioma (CP) is a common
refractory tumor of the central nervous system. However,
little is known about the expression and clinical
significance of B7 family ligands/receptors in CP patients.
Thus, we conducted the present study to address this
issue in a cohort of 132 CP cases.

Methods We mapped and quantified the expression

of B7 family ligands/receptors molecules programmed
cell death ligand 1 (PD-L1), B7-H3, B7-H4 and V-domain
Ig-containing suppressor of T cell activation (VISTA)

in 89 adamantinomatous-type CP and 43 papillary-

type CP samples using immunohistochemistry and
immunofluorescence. Associations between the marker
levels, clinicopathological variables and survival were
evaluated.

Results The positive rates of PD-L1, B7-H3, B7-H4

and VISTA in the cohort of 132 CP cases were 76.5%,
100%, 40.2% and 80.3%, respectively. The cut-off values
of PD-L1, B7-H3, B7-H4 and PD-L1 expression were
determined by survival receiver operating characteristic
(ROC) package, which was 70, 182, 0 and 20, respectively.
Elevated expressions of PD-L1, B7-H3, B7-H4 and VISTA
were significantly associated with some clinicopathological
characteristics. Kaplan-Meier analysis indicated that
higher VISTA expressions correlated with better overall
survival (0S) and progression-free survival (PFS)
(p=0.0053and p=0.0066, respectively). Multivariate

Cox regression analysis indicated that VISTA was an
independent prognostic factor for 0S (p=0.018) but not for
PFS (p=0.898).

Conclusions We found variable expression of PD-L1,
B7-H3, B7-H4 and VISTA proteins in CPs. The results
suggest that the expression level of VISTA may be used
as an important indicator to predict the OS and PFS

of CPs. B7 family ligands/receptors could be potential
immunotherapeutic targets when treating CPs.

INTRODUCTION

Craniopharyngiomas (CPs) are intracranial
nonglial tumors of the sellar and parasellar
regions that are most commonly seen in chil-
dren.' They account for 1.2%-4% of all brain
tumors and 6%-9% of all pediatric brain
tumors.” CPs are derived from the epithe-
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classification, CPs can be divided into two
types: adamantinomatous-type CP (ACP) and
papillary-type CP (PCP).>* ACP and PCP are
characterized by distinct genetic alterations,
such that recurrent activating mutations in
CTNNBI1 gene coding for B-catenin were
identified in the majority of ACP, whereas,
nearly all PCP had recurrent BRAF V600E
mutations.”®

Although the CP is defined by WHO as a
benign tumor, both types of CPs are difficult
to treat due to their anatomical proximity to
important functional structures, such as optic
nerve, pituitary stalk, hypothalamus and
internal carotid artery.® Surgical resection
is the primary treatment for CP.” However,
achieving gross-total resection (GTR) of
either type of CP without any complications
remains a challenge,” which underlines the
necessity of new therapeutic options.

The B7 family ligands/receptors can selec-
tively bind to T cell ligand to either stimu-
late or inhibit T cell responses.9 ' Immune
checkpoint inhibitors targeting the pathway
of B7 family members, such as CTLA-4/B7-1/
B7-2 and PD-1/PD-L1, have been shown to
provide clinical benefit and transformed
the treatment of several advanced cancers,
including melanoma and non-small-cell lung
cancer.'™ These findings have inspired
us to investigate whether these B7 family of
ligands/receptors could also be employed as
potential therapeutic targets in the treatment
of CPs.

Currently, there are very few studies on the
expression and function of B7 family ligands/
receptors in CPs. Previous research on ACP
(n=23) and PCP (n=18) resections have illus-
trated that PD-L1 is highly expressed by all
tumor cells with a subtype-specific spatial
distribution." This work supports that CPs
might be vulnerable to PD-1/PD-L1 immune
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have found that another B7 family member B7-H3 is also
highly expressed in a small cohort of ACP (n=30) and
PCP (n=14) cases.'®> However, the expression of other B7
family members in CPs remains unknown and the clin-
ical significance of their expressions in CP has not been
studied using a large cohort.

Therefore, in this study, we examined the expression
of PD-L1, B7-H3, B7-H4 and VISTA proteins in a large
CPs cohort using tissue microarray (TMA). In addition,
we have correlated the expression of these molecules
with overall survival (OS) and progression-free survival
(PFS) in this cohort to elucidate the potential association
between B7 family of ligands/receptors expression and
patients’ survival.

MATERIALS AND METHODS

Patients and TMA

The samples were collected from the Department of
Neurosurgery of West China Hospital between January
2011 and September 2019, which had adequate tumor
samples for TMAs. Written informed consent was
obtained from all patients before enrolment. The clinical
follow-up was continuously performed until the death of
patients. Hospital records and pathology reports of all
patients were retrieved and reviewed. Brain tissues were
collected from traumatic brain injury patients who under-
went injured brain resection. The TMAs were prepared
by Shanghai Outdo Biotech (Shanghai, China).

Immunohistochemistry, digital pathology and scoring system
Immunohistochemical (IHC) staining was performed
on TMAs using the following primary antibodies: PD-L1
(1:200, 4.37png/mL, 13684, Cell Signaling Technology),
B7-H3 (1:400, 1.49pg/mL, 14058S, Cell Signaling Tech-
nology), B7-H4 (1:400, 0.66 pg/mL, 14572, Cell Signaling
Technology) and VISTA (1:200, 0.05pg/mL, 54979, Cell
Signaling Technology)."””™® TMA slides were stained
using standard immunohistochemistry techniques as
previously described.'” The THC staining was scanned
using Pannoramic MIDI (3D HISTECH). The histo-
score of the membrane and nuclear staining quantifica-
tion was assessed according to the formula (3+ per cent
cells)x3+(2+per cent cells)x2+(1+per cent cells)x1, and
the formula total intensity/total cell number was used to
assess the histoscore of pixel quantification. In this case,
the normalized score is between 0 and 300. This method
has previously been described."

Fluorescent immunohistochemistry

Immunofluorescence staining (IF) staining was performed
on TMAs using the following primary and secondary anti-
bodies: VISTA (the same as IHC) and CD3 (1:400, 1.63pg/
mlL, ab699, Abcam), Ionized calcium binding adaptor mole-
cule 1 (IBA-1, 1:100, 25 pg/mL, ab15690, Abcam), PD-L1 (1:
200, 2.5pg/mL, ab210931, Abcam), goat anti-rabbit Alexa-
594 antibody (1:500, 4pg/mL., ab150088, Abcam), goat anti-
mouse (Alexa Fluor 488, 1:500, 4pg/mlL, ab150117, Abcam).

Sections were then cover slipped using hard-set mounting
media containing DAPI (ab104139, Abcam).

The fluorescent IHC staining was scanned using
Pannoramic MIDI (3D HISTECH). Quantitative measure-
ment of the fluorescence signal was performed using
the AQUA method of quantitative IF (QIF) as previously
reported.”’ Briefly, The QIF score of VISTA and PD-L1 signal
for each antibody in the tumor were calculated by dividing
the target VISTA and PD-L1 pixel intensities in the area of the
tumor by the DAPI positivity. Tumor-infiltrating lymphocytes
and tumor-associated macrophages (TAMs) were defined
as cells that have CD3 and IBA-1 stain positivity, respectively.
Scores were normalized to the exposure time and bit depth
at which the images were captured, allowing scores collected
at different exposure times to be comparable. Cases were
considered as target expressers when the QIF score was above
the signal detection threshold determined using the negative
control preparation and visual inspection.

Polymerase chain reaction and mutation analysis

Before total DNA from fresh tumor tissue was extracted, the
content of the tumor cells was confirmed by instantaneous
sections. DNA was extracted by using Animal Genomic
DNA Quick Extraction Kit (D0065 M, Beyotime, China).
Primer pairs were used for gene amplification of CTNNBI1
exon 3 (Primer sequence Forward: 5~ TCACTGAGCTAAC-
CCTGGCT-3’, Reverse: 5’- GCATTCTGACTTTCAGTAAG
GCAAT-3’) and BRAF V600E (Primer sequence Forward:
5-AGGAAAGCATCTCACCTCATCCT=3’, Reverse: 5-AGGA
AAGCATCTCACCTCATCCT-3’) . PCR was performed by
applying the default conditions: 5min 95°C for initial dena-
turation, which was followed by 30 cycles of amplification
that consist of denaturation at 95°C for 60s, annealing at
60°C for 455, and extension at 72°C for 90s with final exten-
sion 72°C for 12min. PCR products were sent to TsingKe for
sequencing analysis.

Statistical analysis

All values are expressed as means+SEM. Statistical data anal-
ysis was performed using GraphPad Prism V.5.03 (GraphPad
Software La Jolla, California, USA) statistical package and R
language (V.3.6.1). Interdependence between staining and
clinical data was calculated using the X* displayed by cross-
tables. Student’s t-test was used for two-group analysis. The
Cox proportional hazards regression model and Kaplan-
Meier plots were generated by the survival package, and the
logrank test was used to compare survival curves between
high and low expression groups. The cutoff points were
determined by the survivalROC package. Statistical signifi-
cance was defined as a p<0.05.

RESULTS

Patient clinicopathological characteristics and outcome

A total of 132 patients were enrolled, including 86 males
and 46 females (male/female ratio 1.86:1, table 1, online
supplemental table 1). Patients’ ages had a bimodal distri-
bution and ranged from 2 to 75 years with the median
age of 40 . We chose the lowest point (35 years) between
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the two peaks to stratify age. Pathologically, there were 89
ACPs and 43 PCPs. Within this cohort, 117 patients had
primary tumors and 15 patients had recurrent tumors.
The clinical presentations of patients in the studyincluded
the following: vision loss, headache, fatigue, drowsiness
and unconsciousness. The average tumor diameter in this
cohort was 3.6cm (ranges from 1.2 to 9.2cm). GTR and
subtotal resection (STR) were achieved in 104 (78.8%)
and 28 (21.2%) cases, respectively.

A total of 110 out of 132 patients (83.3%) were followed
up for an average of 18.2 months, which ranges from 0.2
to 84 months (online supplemental table 1). Within the
perioperative period, 26 deaths have occurred. For the
87 GTR patients being followed up, 6 (6.9%) had shown
tumor recurrence within an average of 30 months, which
ranges from 2 to 82 months. Among the 28 STR patients
being followed up, 10 (35.7%) had experienced tumor
recurrence within an average of 16.2months, which
ranges from 6 to 53 months.

In this cohort, the cut-off values of PD-L1, B7-H3,
B7-H4 and PD-L1 expressions were determined by surviv-
alROC package, which was 70, 182, 0 and 20, respectively.
Elevated expressions of PD-L1, B7-H3, B7-H4 and VISTA
were significantly associated with some clinicopatholog-
ical characteristics (table 1). For example, PD-L1 expres-
sion was associated with age, histopathological, tumor
morphology and hydrocephalus, whereas VISTA expres-
sion was connected with age, histopathological and
hydrocephalus.

Expression of B7 family proteins in CP tumor cells

Using IHC, we explored the expression characteristics of
PD-L.1, B7-H3, B7-H4 and VISTA in CP. Consistent with
the previous study,'” the patterns of PD-L1 staining were
predominantly membranous, and 101 (76.5%) positive
cases were detected in this set of data. In ACP, PD-L1
expression was present in the regions of well-keratinized
squamous tumor epithelium (figure 1A). Notably, we
also found strong staining around the cholesterol crys-
tals, which was not seen in previous reports (figure 1A).
Compared with ACP, PCP had a much higher expression
of PD-L1 (figure 1B), which was observed in multiple
layers of tumor cells with the strongest expression
surrounding the fibrovascular stroma and decreased with
increasing distance from the stroma (figure 1A).

B7-H3 was detectable to varying degrees in all samples
(100%). It was mainly expressed on the cell membrane
of tumor cells and was also observed in vascular endo-
thelial cells and tumor-infiltrating immune cells in the
two subtypes of CPs (figure 1A). The average expres-
sion scores of B7-H3 in both ACP and PCP were higher
than in normal brain tissues, but no significant differ-
ence was detected between ACP and PCP (figure 1B).
Intriguingly, we also found that less than one half of CP
tissues (53/132, 40.2%) have weak to moderate expres-
sion of B7-H4 (figure 1A), which is currently reported to
be expressed only in a few type of tumor cells.”! B7-H4
mainly expressed on the surface of CP cell membrane far

from the basal cells. There was no difference in expres-
sion level between the two subtypes of CPs (figure 1B).

THC staining demonstrated that 106 (80.3%) CP spec-
imens, including 67 ACPs (histoscore range from 10 to
90) and 39 PCPs (histoscore range from 10 to 230), were
positive for VISTA staining. The expression of VISTA was
detected both on the cell membrane and in the cyto-
plasm (figure 1A). It was predominantly presented in
the regions of epithelial whorls in ACP and on multiple
layers of tumor cells which are far from the basal cell in
PCP (figure 1A). The VISTA histoscore was significantly
higher in PCPs than in brain tissues and ACPs. However,
we found no statistical significance between normal brain
tissues and ACPs (figure 1B).

We further compared the expression of PD-L1, B7-H3,
B7-H4 and VISTA in primary tumors versus recurrent
tumors as well as between preoperative radiotherapy
and non-radiotherapy groups. The results suggested that
there was no significant difference between the groups
(online supplemental figure 1).

Expression of B7 family proteins in tumor-associated immune
cells

All CP cases contain numerous immune cells in the
stroma and epithelium. Among these cases, we also
found that tumor-associated immune cells expressed B7
family ligands/receptors, of which VISTA expression
was the highest (figure 2A). To explore the possible role
of VISTA in the immune microenvironment of CPs, we
measured its level in CD3" tumor-infiltrating T cells and
IBA-1" TAMs by colocalization IF staining. As shown in
figure 2B-D, VISTA was detected in all immune cell
subsets but was significantly higher in IBA-1" TAMs than
in CD3 positive lymphocyte in both ACP (figure 2C) and
PCP (figure 2D). Additionally, we found that there was a
negative association between CD3 and VISTA, and a posi-
tive association between VISTA and IBA-1 (figure 2E-F).

B7 family proteins expression and CTNNB1 and BRAF mutation
status

We further analyzed CTNNB1 and BRAF mutation status
in CPs by PCR. 60% (21 out of 35) cases exhibited acti-
vating mutations within exon 3 of the B-catenin gene
CTNNBI1 in ACPs (figure 3A) and 56% (14 out of 25) cases
exhibited BRAF V600E mutation in PCPs (figure 3B). In
ACPs, CTNNBI1 mutation could be linked to the high
expression of PD-L1, B7-H3 and VISTA. Moreover, there
was a significant difference (p=0.0363) in B7-H3 expres-
sion between the two subtypes of CP (figure 3A). Notably,
in PCPs, BRAF V600OE mutation group showed a signifi-
cantly higher VISTA expression comparing to the wild
type group (p=0.0117) (figure 3B).

Clinical significance of B7 family proteins expression in CPs

We further analyzed the relationship between CP tumor
size and B7 family ligands/receptors expression. We found
that VISTA expression and tumor size had an inverse
association (R*=0.04871, p=0.0110); but the expression
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Figure 1

Expression of the B7 family ligands/receptors on CPs. (A) PD-L1, B7-H3, B7-H4 and VISTA expression on the brain,

ACP and PCP. (B) Comparison of biomarker expression status in different tumor subtypes. All data displays mean+SEM.
Red bar: 0.5mm, black bar: 50 um. ***P<0.0001. ACP, adamantinomatous-type craniopharyngioma; ns: no significant; PCP,

papillary-type CP.

of the other three molecules had no association with
tumor size (figure 4A). Kaplan-Meier survival curves by
B7 family ligands/receptors expression levels are shown
in figure 4B. Interestingly, strong VISTA expression was
correlated with favorable outcomes in CPs. Calculated
median OS in CP patients with high VISTA expression
was 7 years compared with a median OS of 2.25 years
in VISTA negative or low patients (p=0.0027). However,
elevated expression of PD-L1, B7-H3 or B7-H4 was not
associated with OS nor PFS in this cohort.

The univariate Cox regression model revealed that
histopathological, tumor location, the extent of resec-
tion and VISTA expression were all correlated with PFS

(p<0.05), whereas tumor location, hydrocephalus and
VISTA expression were associated with OS (table 2). We
selected the characteristics with p<0.1 in univariate for
multivariate analysis. After adjustment, we found that
only VISTA was an independent prognostic factor for
OS (p=0.018), while only the extent of resection was an
independent prognostic factor for PFS of CP patients
(p=0.025).

Increased expression of VISTA correlated with PD-L1

Recently, some reports showed that VISTA overexpres-
sion is correlated with other B7 family ligands/receptors,
such as PD-L1, PD-1 and CTLA-4. When investigating the

Wang Y, et al. J Immunother Cancer 2020;8:000406. doi:10.1136/jitc-2019-000406
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molecules potentially associated with VISTA in the tumor
microenvironment, we observed that VISTA expression
was associated with PD-L1 in CPs. However, there was no
significant association between the expression of VISTA
and the expression of B7-H3 and B7-H4 (figure 5A).
Furthermore, we explored the spatial distribution rela-
tionship between the expression of PD-L1 and VISTA
in tumor tissues by colocalization IF staining. We found
that PD-L1 and VISTA colocalized with each other only in

immune cells within the tumor stroma but not in tumor
cells (figure 5B,C).

DISCUSSION

Immunotherapy holds great promise for eradicating
cancer and has achieved long term benefits as well as
improved clinical outcomes in treating various types of
advanced malignancies, such as late-stage metastatic
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Figure 3 Gene mutation and its relationship with B7 family ligands/receptors expression. CTNNB1 mutation was detected
in 21 out of 35 ACPs (A). The expression of B7-H3 in the mutation group was significantly higher than in the wild type group,
but there was no statistical difference between the two groups. BRAF mutation was detected in 14 out of 25 PCPs (B). The
expression of VISTA was higher in the mutation group than in the wild type group, and this result is statistically significant.
*P<0.05. ACP, adamantinomatous-type craniopharyngioma; ns, no significant; PCPs, papillary-type CP.

melanoma and non-small cell lung cancer.”” Immune
checkpoint receptors through binding to their ligands
can deliver coinhibitory signals to negatively regulate T
cell responses, which will facilitate tumor escape from
immune surveillance. Thus, many immune checkpoint
receptors have been identified as potential cancer thera-
peutic targets, and among them, B7 family ligands/recep-
tors have received increasing attention.” The expanding
list of B7 family members includes CTLA-4 (ligands
B7.1 and B7.2), PD-1 (ligands PD-L1 and PD-L2), TIM3
(ligands CEACAM-1, HMGBI and galectin-9), TIGIT
(ligands CD155 and CDI112), BTLA (ligand HVEM),
B7-H3, B7-H4 and VISTA.2* % In this study, we investi-
gated the expression level of B7 family ligands/recep-
tors in CPs. More importantly, we have discovered some

associations between B7 family ligands/receptors expres-
sion and clinical features of CPs.

Using THC, we have shown that PD-L1, B7-H3, B7-H4
and VISTA are differentially expressed both in ACPs and
PCPs. These B7 familyligands/receptors are preferentially
located on the membrane of tumor cells. Previously, some
researches demonstrated that radiation could upregulate
B7 family ligands/receptors expression.”® ¥ However,
we found that there was no significant difference in the
expression of PD-L1, B7-H3, B7-H4 and VISTA between
preoperative radiotherapy and non-radiotherapy groups.
A few factors may contribute to the different results that
we obtained. First, we had a relatively small sample size,
and only five relapsed patients and one primary patient
received radiotherapy before surgery. Among them,

Wang Y, et al. J Immunother Cancer 2020;8:000406. doi:10.1136/jitc-2019-000406

7



Open access

A

R?=0.01448
P=0.1693

©

Slie [em]

0 T T
0 100 200
PD-L1 Histoscore

PD-L1

1.00 = High
\3 = Low

p=024

o
9
@

Survival probability
o o
S 8

=4
1=}
S

300

R2=0.0002661
P=0.8527
o

o
o

o

° o o
° Boo o o
a°8 o880 o 8258 o°o§

5
6 o8 8:80°0% mogee  oof
oo o oaao 0 400

0 100 200
B7-H3 Histoscore

B7-H3

& High

1.00
= Low

o
N
a

Survival probability
o o
S g

p=0.075

=4
1=}
S

300

R2=0.004245
P=0.4580

Size [cm]

R?=0.04871
P=0.0110

B7-H4 Histoscore

0 T T T r )
0 50 100 150 200 250
VISTA Histoscore

B7-H4 VISTA

= High = High
§1.oo - Lvla%v -‘?1.00 s Lvla%v
8 075 B ors
Qo Q2
[ [
g 0.50 S 0.50
S s
2 %% p-oa2 g %) p-o.0053
@ @

=4
1=}
S

=4
1=}
S

0 1 2 3 4 5
0OS(Years)

Number at risk

1 2 3 4 5
0OS(Years)
Number at risk

06 i 2 3 4 5
0S(Years)

Number at risk

6 1 2 3 4 5
0S(Years)

Number at risk

Hign g e B h 4 4 4 Wy B BB Y 7 3
06 1 2 3 4 5 0 1 2 3 4 5 0 1 _2 3 4 5 0 1 _2 3 4 5
OS(Years) 0OS(Years) OS(Years) OS(Years)

1.00 # High 1.00 = High 1.00 = High 1.00 = High
2 =~ Low > = Low 2 = Low 2 ~ Low
8075 8075 5075 5075
o o o o
[ [ o [

8 0.50 8 0.50 8 0.50 g 0.50
£ 0.25 £ 0.25 £ 0.25 £ 0.25
= U = U > U > 0.
g p=0.18 g p=0.16 g p=0.21 g p = 0.0066
7] 7] @ @
0.00 0.00 0.00 0.00
i 32 3 & i 2 3 4 i 2 3 4 i 2 3 4
PFS(Years) PFS(Years) PFS(Years) PFS(Years)
Number at risk Number at risk Number at risk Number at risk
gl Wl 8 0w ¢ 0§ 3 WM # & 4 4 1 W B $
1 45 0 1_2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
PFS(Years) PFS(Years) PFS(Years) PFS(Years)

Figure 4 Prognostic value of the B7 family ligands/receptors in CPs. Analysis of the relationship between the expression of
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ligand 1; PFS, progression-free survival.

3 patients received general radiotherapy, and the rest
received gamma knife therapy. Second, there was a long
duration between patients who received radiotherapy
and underwent reoperation. The effects of radiation on
the tumor might be weakened.

Interestingly, we also observed that VISTA is highly
expressed on tumor-associated immune cells. Moreover,
by IF colocalization staining, we found that VISTA has a
higher expression on macrophages than T lymphocytes.
Former studies have revealed the high expression of VISTA
in hematopoietic cells, lung and small intestine in mice.*®
Additionally, VISTA has also been reported to be mainly
expressed in hematopoietic cells, especially in myeloid cells
in human.?” * * However, only a few articles reported that
VISTA is expressed on tumor cells.””*' ** To our knowledge,
we are the first group to demonstrate that VISTA has a high
expression on tumor cells in a large human CPs cohort.

It has been reported that the expression of B7 family
ligands/receptors regulators in various tumors is associ-
ated with different prognoses. For example, a recent study
revealed that the OS and diseasefree survival outcomes in
patients with hepatocellular carcinoma negatively correlate

with the expression level of PD-L2 on tumor membranes
and PD-L1 in the immune stroma. Besides, Altan et al’® have
described that the high B7-H3 protein level (top 10 percen-
tile) was associated with poor OS in NSCLC. Loeser et al**
have also found that esophageal adenocarcinoma patients
with VISTA expression have demonstrated an improved
median OS compared with the patients without VISTA
expression (202.2 months vs 21.6 months; p<0.0001). In
our study, we identified that patients with high expression
of VISTA had longer OS and FPS, while the expression of
PD-L1, B7-H3 and B7-H4 was not related to prognosis in CPs.
Thus, VISTA may serve as an important prognostic marker
for CPs. However, other validation cohorts need to be used
to demonstrate the consistency of the findings and validity of
the marker cut-off values in future research.

In this work, we also analyzed the relationship between
the expression of B7 family ligands/receptors and clinical
significance. VISTA expression was statistically correlated
with patient age (p=0.0004), tumor histopathological
subtypes (p<0.0001) and hydrocephalus (p=0.0053). CPs
are the most common pediatric intracranial tumors of
nonglial origin.' * These tumors can present at any age,
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Table 2 Continued

os

PFS

Multivariate analysis

HR (95% CI)

Univariate analysis

HR (95 % Cl)

Multivariate analysis

HR (95% CI)

Univariate analysis

HR (95 % CI)

P value
0.076

P value

0.079

P value

P value

2.120 (0.924 to 4.863)

1.000

2.009 (0.921 to 4.381)

1.000

0.103

1.665 (0.903 to 3.070)

1.000

High
Low
B7-H4

0.423

1.373 (0.632 to 2.980)

1.000

0.209

1.488 (0.800 to 2.767)

1.000

Positive

Negative
VISTA

0.314 (0.120 t0 0.821)  0.018*
1.000

0.898 0.304 (0.126 t0 0.735)  0.008**
1.000

0.508 (0.232 to 1.111)

1.000

0.003**

0.362 (0.185 to 0.706)

1.000

High
Low

* P<0.05; ** P<0.01; *** P<0.001

ACP, adamantinomatous-type craniopharyngioma; Cl, confidence interval ; GTR, gross-total resection ; HR, hazard ratio ; OS, overall survival; PCP, papillary-type craniopharyngioma ; PFS,

progression free survival; STR, subtotal resection .

there is a bimodal age distribution, with peak incidence
rates in children aged 5-15 years and in adults aged 40-70
years. Among them, the PCP subtype is mainly found in
adults but very rare in children. In our study, we found
that PCP has higher VISTA expression than ACP (figure 1
and table 1). This may explain why the high expression of
VISTA is mainly distributed in adults.

Most PCP patients carry recurrent activating mutations in
BRAF V600E.” * This mutation causes constitutive activation
of the BRAF kinase and subsequent oncogenic activation of
the mitogen-activated protein kinase pathway through phos-
phorylating MEK and ERK.% Therefore, we hypothesized
that PCPs with BRAF V600E mutation has higher VISTA
expression. By comparing the expression of VISTA between
the mutant group and the wild type group, we found that
the BRAF mutant group indeed had a higher expression of
VISTA. We suspect that the RAS/RAF/MEK/ERK signaling
pathway may play an important role in regulating VISTA
expression in PCPs.

Currently, little is known about the association between
VISTA and other B7 family members. In our work, we
observed that VISTA was positively correlated with PD-L1.
Moreover, we found that the expression and distribu-
tion of VISTA and PD-L1 on the surface of tumor cells
were significantly different. PD-L1 was highly expressed
in the basaloid, while the high expression of VISTA was
seen far away from the basaloid (figure 5B). This finding
suggests that VISTA and PD-L1 are regulated by different
mechanisms in tumor cells. It is possible that the tumor
cells far away from the basaloid are also far away from the
tumor blood vessels, thus, the tumor microenvironment
is relatively anoxic. Therefore, we speculate that hypoxia
may regulate the expression of VISTA in CP cells. A study
using a CT26 colon cancer model showed that compared
with less hypoxic tumor regions or draining lymph nodes,
regions of profound hypoxia in the tumor microenviron-
ment were associated with increased VISTA expression
on tumor-nfiltrating myeloid-derived suppressor cells.”
Using chromatin immunoprecipitation and genetic
silencing, this study showed that hypoxia-inducible
factor-1o binds to a conserved hypoxia response element
in the VISTA promoter region and upregulates VISTA on
myeloid cells.™

Notably, our study also has several limitations. First, we
included retrospectively collected samples from cases with
variable follow-ups as well as different treatments, and the
selection bias cannot be excluded. Second, the use of TMAs
to examine a relatively small tissue area could overrepresent
or underrepresent the markers in the cases. Third, in this
study, patients who died in the short term after operation
were not excluded. The deaths in this scenario are mainly
due to serious surgical complications caused by surgical
resection of CP. The inclusion of these cases may interfere
with the evaluation of prognosis. Finally, further experiments
are needed to verify the role of B7 family ligands/receptors
in the development of CP.
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Figure 5 VISTA is positively correlated with PD-L1 in CPs. Analysis of the correlation between the expression of VISTA and the
expression of PD-L1, B7-H3 and B7-H4 in CPs (A). Immunofluorescence colocalization revealed the difference that expressions
of PD-L1 and VISTA were different in tumor cells (B), but the two molecules were colocalized in tumor associated immune cells
(C). Red bar: 0.5mm, white bar: 50 um. CPs, craniopharyngioma; PD-L1, programmed cell death ligand 1.

CONCLUSION

We performed a comprehensive evaluation of B7 family
molecules in CPs and found heterogeneous expression
of PD-L1 in CPs. B7-H3, and VISTA proteins were highly
expressed in CPs, while B7-H4 was expressed at a lower level.
Our study also revealed that the expression level of VISTA
may be utilized as an important indicator to predict the OS
and PFS of CPs. The wide expression of PD-L1, B7-H3 and
VISTA in human CPs, together with their immunomodula-
tory capacity, all suggests that these B7 family ligands/recep-
tors may serve as both prognostic markers and attractive
novel targets for immunotherapy against CPs.
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