
 

 

 University of Groningen

Immune checkpoint pathways in the ageing immune system and their relation to vasculitides
Hid Cadena, Rebeca

DOI:
10.33612/diss.112111572

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Hid Cadena, R. (2020). Immune checkpoint pathways in the ageing immune system and their relation to
vasculitides. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.
https://doi.org/10.33612/diss.112111572

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.112111572
https://research.rug.nl/en/publications/cc896241-e972-46bf-a2f0-7dead3eba12a
https://doi.org/10.33612/diss.112111572


Rebeca Hid Cadena1, Jun Yuan1, Minke Huitema2, A.M.H. Boots2, Coen Stegeman3, 
Elisabeth Brouwer2, Abraham Rutgers2, Peter Heeringa1 and Wayel H. Abdulahad1,2.

1 Department of Pathology & Medical Biology, University of Groningen, University 
Medical Center Groningen, Groningen, Netherlands.
2 Department of Rheumatology & Clinical Immunology, University of Groningen, 
University Medical Center Groningen, Groningen, Netherlands.
3 Department of Internal Medicine/Division of Nephrology, University of Gronin-
gen, University Medical Center Groningen, Groningen, Netherlands.

Work in progress

Chapter 4
Altered frequencies of V-domain Ig suppressor of T-cell 
activation (VISTA)-expressing leukocytes in peripheral 
blood of Granulomatosis with Polyangiitis (GPA) patients 
in remission
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Abstract

Objectives: V-domain Ig suppressor of T cell activation (VISTA) is a recently identi-
fied inhibitory immune checkpoint molecule and a potent negative regulator of T 
cell activation. This study aimed to investigate the frequencies of VISTA+ circulating 
leukocytes in Granulomatosis with Polyangiitis (GPA) patients in comparison with 
those of Giant Cell Arteritis (GCA) as vasculitis control patients and healthy controls 
(HC). 

Methods: In a cross-sectional study, frequencies of VISTA positive circulating leuko-
cytes were determined by flow cytometry using fresh blood samples from 43 GPA 
patients in remission, 15 GCA patients and 34 sex and age-matched HC. Neutrophils 
were isolated and primed with TNF-α to assess their ability to modulate VISTA ex-
pression and to evaluate their capacity to suppress CD4+ T cell proliferation in vitro.

Results: Proportions of VISTA expressing CD4+ Th-cells were significantly increased 
in GPA patients compared with HCs in both the naïve (CD45RO-) as well as the mem-
ory (CD45RO+) compartment. Interestingly, neutrophils of GPA patients also showed 
a significant increase in the proportion of VISTA positive cells in comparison to GCA 
and HCs. This increase was seen in three neutrophils subsets defined by CD62L and 
CD16 expression, of which CD62LLow CD16High neutrophils are known to suppress 
T cell activation. In vitro, TNF-a priming increased VISTA expression by neutrophils 
of GPA patients and controls. Preliminary results from co-cultures of autologous 
CD4+ T cells and neutrophils showed that unprimed neutrophils from GPA patients 
exert a higher suppressive effect on CD4+ T cell proliferation than those of HC. 

Conclusions: GPA patients in remission have increased frequencies of VISTA posi-
tive CD4+ Th-cells and neutrophils and subsets thereof. Interestingly, neutrophils 
derived from GPA patients appear to have an increased capacity to suppress CD4+ 
T cell proliferation in vitro. Whether increased frequencies of VISTA positive leuko-
cytes contribute to sustained remission in GPA needs further investigation.

ThesisRHC.indd   94 12/27/19   4:43 PM



Altered frequencies of VISTA-expressing leukocytes in GPA in remission

95

Introduction

Granulomatosis with Polyangiitis (GPA) is a systemic small vessel vasculitis asso-
ciated with the presence of antineutrophil cytoplasmic auto-antibodies (ANCA) 
predominantly directed against proteinase 3 (PR3) (1–4). GPA is characterized by 
granulomatous inflammation of the upper and lower respiratory tract and is often 
associated with necrotizing crescentic glomerulonephritis (5). Although the etiolo-
gy of GPA is not known, several observations support the involvement of T-cells in 
disease pathogenesis including the presence of abundant T-cell infiltrates in vas-
culitic lesions, alterations in the distribution of circulating T cell subsets as well as 
defects in regulatory T cell function (reviewed in (6,7)). 
          T cell activation is tightly controlled by a collection of surface molecules, 
termed immune checkpoint regulators, that provide co-stimulatory and co-inhibito-
ry signals (8). The delicate balance between these stimulatory and inhibitory signals 
is crucial for mounting effective immune responses against pathogens while mini-
mizing the risk for developing autoimmunity. In recent years, therapeutic blockade 
of inhibitory IC molecules has proven to be highly effective in the treatment of var-
ious forms of cancer (9–11). However, in some cases these treatments are associ-
ated with severe immune-related adverse events including various forms of (auto)
immune mediated vasculitis emphasizing the importance of inhibitory IC molecules 
in preventing autoimmunity (12). Indeed, alterations in expression of stimulatory 
and inhibitory IC molecules including PD-1 and CTLA-4 have been implicated in the 
pathogenesis of several autoimmune diseases including rheumatoid arthritis (RA), 
systemic lupus erythematosus (SLE) and, multiple sclerosis (MS) (13–16). 
          In GPA, data on the expression and function of inhibitory IC molecules is lim-
ited. In one study, increased PD-1 expression on circulating CD4+ T cells was found 
and associated with persistent T cell activation and latent CMV infection (17). Fur-
thermore, in GPA patients, altered frequencies of single nucleotide polymorphisms 
in the genes encoding PD-1 and CTLA-4 have been described that may explain T cell 
hyperreactivity in these patients by affecting the expression or inhibitory function 
of the negative immune checkpoints PD-1 and CTLA-4 (18). Importantly, we have 
previously reported on a case of GPA development in a patient with metastatic mel-
anoma after sequential immunotherapy with anti-CTLA-4 and anti-PD-1 highlight-
ing the importance of IC in the development of GPA (19). 
          V-domain Ig suppressor of T-cell activation (VISTA) is a recently identified inhib-
itory immune checkpoint molecule expressed by myeloid cells and, to a lesser ex-
tent, T cells that can serve as both ligand and receptor (20). Studies in animals and 
humans have shown that VISTA profoundly suppresses T cell activation and plays 
an important non-redundant role in immune surveillance and protection against 
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autoimmunity (20–23). In addition, it has been shown that blocking VISTA enhanc-
es anti-tumor immune responses but exacerbates experimental autoimmune en-
cephalitis (21,22,24). Interestingly, VISTA-deficient mice develop an age-related 
pro-inflammatory phenotype characterized by spontaneous T-cell activation and 
enhanced T-cell-mediated immune responses to neoantigens (25), suggesting that 
aberrant VISTA expression or function may contribute to pathogenic T cell mediated 
immune responses in age associated autoimmune disorders such as GPA. However, 
data on the pattern of expression and function of VISTA in GPA is lacking. 
          Therefore, as a first step to unravel the potential contribution of VISTA to 
GPA pathogenesis, we assessed frequencies of VISTA+ circulating leukocytes in a 
cohort of GPA patients in remission and compared the results to those obtained 
from healthy controls (HCs) and patients with Giant Cell Arteritis (GCA) as vasculitis 
controls. We demonstrate higher frequencies of VISTA expressing CD4+ Th cells and 
neutrophils in peripheral blood of GPA patients compared to GCA and HCs. Inter-
estingly, we found increased frequencies of VISTA+ cells in all neutrophil subsets, 
including the CD62LLow CD16High subset, characterizing neutrophils with suppres-
sive properties. Preliminary results from a co-culture study showed that isolated 
neutrophils from GPA patients had a higher capacity to suppress CD4+ T cell prolif-
eration in comparison with neutrophils of HCs.
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Methods
Study population

Forty-three consecutive patients with GPA visiting the University Medical Center 
Groningen out-patient clinic were included in the study. All patients met the Amer-
ican College of Rheumatology criteria and the Chapel Hill Consensus Conference 
definition for GPA (5). Disease activity was assessed using the Birmingham Vasculitis 
Activity Scores (BVAS) (26). Remission was defined as BVAS = 0. A relapse of the dis-
ease was defined on the basis of clinical and laboratory signs of inflammation and 
signs of a new or worsening clinical manifestation. According to these criteria, all 43 
patients were in remission. Importantly also none of the patients experienced an 
infection at the time of sampling.

          Fourteen out of 43 GPA patients in remission were not receiving immunosup-
pressive treatment and 29 were treated with different combinations of drugs (Table 
1 & Supplementary Table S1A). Plasma levels of CRP were measured by nephelom-
etry (Behring Marburg, Germany)(27). The median level of C- reactive protein (CRP) 
was 3,7 (0,4-5,4). PR3-ANCA titers were measured by indirect immunofluorescence 
on ethanol-fixed human granulocytes, according to the standard procedure as de-
scribed previously (28). PR3-ANCA titers higher than or equal to 1:40 were consid-
ered positive.

          In addition to GPA patients, 15 GCA patients were included as vasculitis control. 
GCA diagnosis was either confirmed by a positive temporal artery biopsies (TABs) 
and/or positive 18F-fluorodeoxyglucose-positron emission tomography-computed 
tomography (FDG-PET/CT). All GCA patients were in remission and on prednisone 
treatment [Disease duration median: 2 (0,125-5) years Prednisone median:25 mg/
day (range 15-50)]. GCA remission was defined as absence of signs and symptoms 
of GCA and a normal ESR (<30 mm/hr) and CRP (<5 mg/l). As healthy controls (HC), 
we obtained blood samples from 34 sex and age-matched individuals who were 
screened for past or actual morbidities (Table 1 & Supplementary Table S1B).

Written informed consent was obtained from all study participants. All procedures 
were in compliance with the declaration of Helsinki. The study was approved by the 
Medical Ethical Committee of the University Medical Center Groningen.
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ANCA, anti-neutrophil cytoplasmic antibody; CMV, Cytomegalovirus; * 4 CMV positive, 3 
CMV negative, 8 unknown; S. aureus, Staphylococcus aureus; AZA, Azathioprine; CTZ, Cotri-
moxazol; PSE, Prednisolone; MMF, Mycophenolate mofetil; RTX, Rituximab; MTX, Metho-
trexate; TCZ, Tociluzimab; CRP, C-reactive protein; F, female; M, male; GPA, Granulomatosis 
with Polyangiitis.
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Immunophenotyping by flow cytometry

Peripheral blood (PB) was collected in EDTA anticoagulant tubes and processed 
within 2 hours. The blood samples were washed twice with PBS + 1% bovine se-
rum albumin (BSA), and 50uL of each sample was incubated for 15 min at room 
temperature in the dark with the following fluorochrome-conjugated anti-human 
monoclonal antibodies: Panel 1: eFluor 450-conjugated anti-CD3 (clone: OKT3; 
eBioscience; San Diego, CA, USA), eVolve 605-conjugated anti-CD4 (clone: SK3 (SK-
3); eBioscience), Alexa Fluor 700 (AF700)-conjugated anti-CD45RO (clone: UCHL1; 
Biolegend; San Diego, CA, USA), phycoerythrin (PE)-conjugated anti-VISTA (clone: 
#730804; R&D Systems, Minneapolis, MN, USA). (Supplementary Table S2A) Pan-
el 2: FITC-conjugated anti-CD15 (clone:U-937; BD Biosciences, Franklin Lakes, NJ, 
USA), A700-conjugated anti-CD14 (clone: M5E2; BD Biosciences), v450-conjugat-
ed anti-CD16 (clone: 3G8; BD Biosciences), PE-Cy7-conjugated anti-CD62L (clone: 
DREG-56, Biolegend), PE-conjugated anti-VISTA (clone: #730804; R&D Systems) 
(Supplementary Table S2B). After this, cells were fixed and erythrocytes were lysed 
using FACS Lysing solution (BD Biosciences, Franklin Lakes, NJ, USA) according to 
the manufacturer’s instructions. Next, the samples were washed twice with PBS + 
1% BSA. Immediately after, samples were measured on a BD LSR-II flow cytometer. 
Data were collected for 1 X 105 cells and analyzed with Kaluza Analysis Software 
(Beckman Coulter). Positively and negatively stained populations were calculated 
by quadrant dot-plot analysis based on proper matched-isotype controls (Supple-
mentary Figure S2). 

Cytomegalovirus (CMV) ELISA

Serum levels of CMV-specific IgG were determined using an in-house enzyme-linked 
immunosorbent assay (ELISA). Briefly, 96-well ELISA plates (Greiner, Kremsmünster, 
Austria) were coated overnight with lysates of CMV-infected fibroblasts. Lysates of 
non-infected fibroblasts were used as negative controls. Following coating, serial di-
lutions (1:100–1:3200) of serum samples were incubated for 45 minutes. Next, goat 
anti-human IgG-HRP (Southern Biotech, Birmingham, AL, USA) was added and incu-
bated for 45 minutes. Samples were incubated with TBE substrate (Sigma-Aldrich, 
St. Louis, MO, USA) for 15 minutes and sulfuric acid was used to stop the reaction. 
The plates were scanned on a Versamax reader (Molecular Devices, Sunnyvale, CA, 
USA). A pool of sera from three CMV-seropositive individuals with known concen-
trations of CMV-specific IgG was used to quantify levels of CMV-specific IgG in the 
tested samples.
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Detection of S. aureus

Nasal S. aureus carriage was determined for the 43 GPA patients in remission as 
described previously (29). In brief, S. aureus nasal isolates were sampled by rotating 
a sterile cotton swab in each anterior nary. Swabs were inoculated on 5% sheep-
blood and salt mannitol agar for 72 h at 35 °C. S. aureus was identified by coagulase 
and DNase positivity. Patients were considered to be chronic nasal carriers when 
≥50% of their nasal cultures grew S. aureus.

Isolation and Priming of Neutrophils 

Neutrophils were isolated from EDTA blood of GPA patients and HCs by centrifuga-
tion on Lymphoprep (Axis-Shield and Nycomed Pharma, Oslo, Norway). The eryth-
rocytes in the granulocyte layer were lysed with ammonium chloride buffer. Cells 
were washed with cold Hanks’ balanced salt solution (HBSS) without Ca2+/Mg2+ 
(HBSS-/-) and resuspended in HBSS with Ca2+/Mg2+ (HBSS+/+) (both from Invit-
rogen, Breda, The Netherlands), and gradually warmed to 37°C. Then, 2x106 cells/
ml were primed with 10 ng/ml recombinant human TNF-α (rHuTNFα; Boeringher 
Ingelheim, Heidelberg, Germany) for 15 min at 37°C. Part of the neutrophils (2x106 
cells/ml) were incubated without TNF-α stimulation (unprimed neutrophils). Next, 
cells were assessed for surface expression of VISTA by flow cytometry.

Isolation, purification and labeling of CD4 T cells for cell proliferation assay

Peripheral blood was obtained in heparinized tubes and PBMCs were immediate-
ly isolated by density-gradient centrifugation on Lymphoprep (Axis-Shield and Ny-
comed Pharma, Oslo, Norway). Cells were washed twice in phosphate-buffered 
saline (pH 7.2) and resuspended at 1 X 108 cells/mL in RPMI 1640 (Cambrex Bio 
Science, Verviers, Belgium) supplemented with 5% fetal bovine serum and 50ug/
mL gentamycin (Gibco, Scotland, UK). Immediately after, CD4+ T cells were isolat-
ed by negative selection using MagniSort™ Human T cell Enrichment Kit, (Thermo 
Fisher Scientific, Waltham, MA, USA) according to instructions of the manufacturer. 
Labeling was performed by incubating cells at a concentration of 1X106 cells/mL at 
37° C for 10 min with 5umol/mL Cell Proliferation Dye eF670 (CPD; Thermo Fisher 
Scientific, Waltham, MA., USA) in PBS, then resuspended in RPMI 1640 + 10% FCS + 
gentamycin at 1 X 106 cells/mL. 
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Neutrophil and CD4 T cell co-culture assay

Flat-bottomed 96-well plates were coated with purified anti-CD3 (clone OKT3) at 
2.5 μg/mL in PBS at 4°C overnight. Wells were washed twice with RPMI 1640 be-
fore adding cells as described before (30) For T cell and neutrophils co-culture, the 
experimental assay from Yang and colleagues (31) was customized and optimized. 
Briefly, purified CD4+ T cells (at 4 X 106 cells/mL) from a GPA patient and a matched 
HC, labeled with proliferation dye, were added to each well and co-cultured with 
either primed or unprimed autologous neutrophils at a ratio 3:1 in RPMI 1640 with 
10% heat-inactivated fetal bovine serum and gentamycin. Soluble anti-human CD28 
(clone L293, BD Biosciences) at 250 ng/mL was added to the wells. Cells were cul-
tured at 37°C and proliferation of CD4+ T cells was assessed at day 3 using flow 
cytometry. The percentage suppression of proliferation was calculated as described 
previously (44). Briefly, % suppression= [(% proliferation Tresp alone - % prolifer-
ation Tresp in co-culture with unprimed or primed neutrophils)/(% proliferation 
Tresp alone)] X 100%.

Statistics

Data from HCs and patient groups were first analyzed by the Kruskal-Wallis test. The 
Mann–Whitney U test was used for comparison between groups, and the Wilcox-
on matched-pairs test was used to compare paired data. Correlation analysis was 
performed using the Spearman’s rank correlation test. All values are expressed as 
medians, with the lower and upper bounds of the interquartile range (IQR) given 
in brackets. P-values of less than 0.05 (2-tailed) were considered statistically sig-
nificant. Analyses were performed using GraphPad Prism 7.0 software (GraphPad 
Software, La Jolla, California, USA). 
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Results
Increased frequencies of VISTA positive CD45RO- and CD45RO+ CD4+ T cells in 
GPA patients

Absolute numbers of circulating CD4+ T cells were decreased in GPA patients when 
compared with HCs but not when compared with GCA (Supplementary Figure 
S1). We assessed the frequencies of VISTA positive CD4+ T cells in GPA patients 
in comparison to GCA and HC. As shown in Figure 1A frequencies of VISTA+ CD4+ 
T cells were higher in PB from GPA patients compared with HC [6.88(2.93-10.01) 
vs 2.85(1.61-6.09)%, p<0.0038] but not when compared with GCA. Proportions 
of VISTA+ CD4+ T cells in GPA patients were significantly higher in both the naïve 
compartment (CD4+ CD45RO-) [GPA vs HC: 3.63 (1.79-6.43) vs 2.1 (0.94-4.13)%, 
p<0.0274, Fig 1B] and the memory compartment (CD4+ CD45RO+) [GPA vs HC: 8.11 
(4.29-10.78) vs 4.39 (2.48-8.67)%, p<0.0220, Fig 1C] in comparison to those GCA 
and HCs. No effect of current treatment was seen on the frequencies of VISTA+ 
CD4+ T cells (data not shown). In addition, no correlation was found between the 
frequencies of VISTA+ CD4+ T cells and disease duration, number of relapses or 
ANCA titer (Supplementary Table S3). Expression of VISTA on CD8+ T cells was also 
investigated, but, no differences between GPA patients, GCA and HC were detected 
(data not shown).

Figure 1. Increased frequencies of VISTA+ CD4+, CD4+ CD45RO- and CD4+ CD45RO+ T cells 
in GPA patients. (A) Frequencies of VISTA+ cells in total CD4+ T cells. (B) Frequencies of 
VISTA+ cells in CD4+ CD45RO– and (C) CD4+ CD45RO+ cells in HCs (n=34), GPA patients 
(n=43) and GCA patients (n=15). Horizontal lines represent median percentages. *P<0.05, 
**P<0.005, ns= not significant.
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Figure 2. CMV serostatus or S. aureus carriage in GPA is not associated with increased 
frequencies of VISTA+ CD4+ T cells. (A) Frequencies of VISTA+ cells in total CD4+ T cells, 
(B) CD45RO- CD4+ T cells, (C) CD45RO+ CD4+ T cells of CMV+ and CMV- GPA patients. (D) 
Frequencies of VISTA+ cells in total CD4+ T cells, (E) CD45RO- CD4+ T cells, (F) CD45RO+ 
CD4+ T cells of S. aureus+ and S. aureus- GPA patients. Horizontal lines represent median 
percentages. ns= not significant.

CMV serostatus or S. aureus carriage in GPA is not associated with increased fre-
quencies of VISTA positive CD4+ T cells.

As latent CMV infection has been reported to impact the expression of immune 
checkpoints such as CD28 and PD-1 expression on T cells of GPA patients (17,32), 
we also investigated the relationship between VISTA expression and CMV serosta-
tus. As shown in Fig 2A, the frequencies of VISTA positive T cells was not signifi-
cantly different between CMV+ and CMV- donors [CD4+ T cells CMV+ vs CMV-: 7.55 
(2.99-10.16) vs 5.75 (3.20-8.17)%, ns, Fig 2A] nor did CMV carriage seem to affect 
VISTA frequencies in the CD45RO- and CD45RO+ compartments of the CD4+ T cells 
(Fig 2B & C). Likewise, we compared frequencies of VISTA+ CD4+ T cells of S. aureus 
carriers and non-carriers. Again, no differences were found in the frequencies of 
VISTA positive T cells between S. aureus carriers and non-carriers when total CD4+ 
T cells were analyzed [CD4+ T cells S. aureus+ vs S. aureus- :5.28 (2.70-10.69) vs 
7.84 (3.64-9.68)%, ns, Fig 2D] or when the CD45RO- and CD45RO+ compartments 
of CD4+ T cells were analyzed separately (Fig2E & F).
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Frequencies of VISTA positive Monocytes in GPA patients are similar to those of 
control samples

Absolute numbers of circulating monocytes of GPA patients did not differ when 
compared with HCs but were slightly lower than in GCA patients, demonstrating a 
monocytosis as previously described by van Sleen et. al (33) (Supplementary Fig-
ure S1). The frequencies of VISTA positive cells were assessed on total monocytes 
and their subsets. Monocytes were gated based on their forward- and side-scatter 
properties and sub-classified according to their surface expression pattern of CD14 
and CD16 into classical (CD14brightCD16neg), intermediate (CD14brightCD16+) 
and non-classical (CD14negCD16+) monocytes (Supplementary Figure S2). The 
frequencies of VISTA+ cells within the total monocyte compartment did not differ 
between GPA patients and HC or GCA (Fig 3A). Likewise, the frequencies of VISTA 
positive classical, intermediate and non-classical monocytes in GPA patients was 
also similar to those of GCA and HCs (Fig 3B). 

Figure 3. Frequencies of VISTA+ monocytes in GPA patients are similar to those in healthy 
controls and vasculitis controls (GCA). (A) Frequencies of VISTA+ monocytes. (B) Frequen-
cies of VISTA on monocytes subsets of HCs (n=34), GPA patients (n=43) and GCA patients 
(n=15). Horizontal lines represent median percentages. *P<0.05, ns= not significant.
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Increased frequencies of VISTA positive Neutrophils in GPA patients

Absolute numbers of circulating neutrophils of GPA patients were increased when 
compared with HCs but not when compared with GCA control patients (Supple-
mentary Figure S1). Based on previously published data (34), neutrophils were gat-
ed from the granulocyte gate as CD16HighCD15+ cells and sub-classified, according 
to their surface expression of CD62L and CD16, into a suppressive subset (CD62L-
LowD16High) and effector subsets (CD62LHighCD16Low & CD62LHighCD16High) as 
shown in Supplementary Figure S2. The frequencies of VISTA positive neutrophils 
were significantly higher in GPA patients compared with HC and GCA [GPA vs HC vs 
GCA: 8.64 (1.35-20.43) vs 1.98 (0.60-6.5) vs 1.91 (0.83-5.19) 106 cells/mL, p=0,0064 
vs HC and p=0.0263 vs GCA] (Fig. 4A & 4B). As VISTA is associated with immune sup-
pression, we next assessed the expression of VISTA on the suppressor and effector 
subsets of neutrophils. Increased frequencies of VISTA+ neutrophils were seen in 
all neutrophil subsets including the suppressor subset of neutrophils (CD62LLowC-
D16High) (Fig. 4A & 4C). 
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Figure 4. Increased frequencies of VISTA+ neutrophils in GPA patients. (A) Representative 
flow cytometry dot plots of frequencies of VISTA+ total neutrophils (upper row) and VISTA+ 
CD62LLowCD16High neutrophils (lower row) from a HC, GPA patient and a GCA patient. (B) 
Percentages of VISTA+ circulating within total neutrophils and within neutrophil subsets (C) 
in HCs (n=34), GPA patients (n=43) and GCA patients (n=15). Horizontal lines represent me-
dian percentages. *P<0.05, **P<0.005, ns= not significant. 
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Enhancement of VISTA expression on neutrophils in vitro upon priming with TNFα
 
As the expression of many IC molecules is increased during inflammatory condi-
tions, we investigated whether the increased frequencies of VISTA positive neutro-
phils in GPA patients is a result of activation by pro-inflammatory stimuli. To this 
end, neutrophils were isolated from GPA patients and matched HCs and VISTA ex-
pression was assessed on resting and pre-activated (primed with TNF-α) neutro-
phils in vitro. Upon priming, neutrophils from both GPA patients and HCs upregulate 
VISTA expression on their surface (Fig.5A). Priming with TNF-α of neutrophils from 
GPA patients induced a significant increase in surface VISTA expression, whereas 
the priming effect on VISTA expression on neutrophils from HCs did not reach sta-
tistical significance (Fig.5B). 

Neutrophils from GPA patients exert a higher suppressive effect on CD4+ T cells 
than those from HC: Preliminary results.

Since frequencies of VISTA+ neutrophils were increased in GPA patients, we ad-
dressed the question whether these neutrophils exerted immunosuppressive 
properties on CD4+ T cell proliferative responses. To this end, anti-CD3/anti-CD28 
induced CD4+ T cell proliferation was determined by flow cytometry in the pres-
ence or absence of either primed or unprimed autologous neutrophils. As shown 

Figure 5. Upregulation of the frequencies of VISTA+ neutrophils of GPA patients upon 
priming with TNF-α in vitro. (A) Representative flow cytometry dot plots of the frequencies 
of VISTA+ unprimed (left plots) and TNF-α primed (right plots) neutrophils from a HC (higher 
plots) and a GPA patient (lower plots). (B) Effect of TNF-α priming on the frequencies of VIS-
TA+ neutrophils in HCs (n=10) and GPA patients (n=10, *= P<0.05). 
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Figure 6. Preliminary results showing that GPA neutrophils exert a suppressive effect on 
CD4+ T cell proliferation in vitro. Isolated CD4+ T cells were loaded with cell proliferation 
dye and stimulated with anti-CD3 and soluble anti-CD28 antibodies for 72 hours at 37°C 
in the presence or absence of either TNF-α primed or unprimed autologous neutrophils. 
Representative histograms of CD4+ T cell proliferation from 2 HC and 2 GPA patients mea-
sured by fluorescence intensity of the proliferation dye at day 3 of culture. The histograms 
correspond to stimulated CD4+ T cells alone (left), or in co-culture with either unprimed 
neutrophils (middle panels) or TNF-α primed neutrophils (right panels). 

in Figure 6, primed neutrophils from both GPA patients (n=2) and HCs (n=2) had a 
comparable suppressive effect on CD4+ T cell proliferation. Interestingly, unprimed 
neutrophils from the GPA patients exerted a higher capacity to suppress the CD4+ T 
cell response compared with unprimed neutrophils from HCs. 
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Discussion

This study aimed to investigate the expression of VISTA on circulating immune cells 
of GPA patients in remission in comparison with GCA and HCs. Our results show 
significantly increased frequencies of VISTA+ CD4+ T cells, but not CD8+ T cells, in 
both the CD45RO- and CD45RO+ CD4+ T cell compartments of GPA patients which 
was independent of latent CMV infection or S. aureus carriage. In addition, frequen-
cies of VISTA+ neutrophils were also increased in GPA patients compared to GCA 
and HCs. Interestingly, this increase was seen in all neutrophil subsets distinguished 
according to their surface expression of CD62L and CD16 and which includes CD62L-
LowD16High neutrophils that previously have been shown to suppress T cell acti-
vation (34). Preliminary results from CD4+ T cell and neutrophil co-cultures showed 
that neutrophils from GPA patients exerted a higher capacity to suppress CD4+ T 
cell proliferative responses in vitro compared with neutrophils from HCs.
 
          Immune checkpoints molecules are regulators of T-cell function necessary for 
effective immune responses against pathogens and prevention of autoimmunity. 
The current study is the first report on the pattern of expression of VISTA on leuko-
cytes in GPA patients. VISTA, also known as PD-1H, is a recently discovered negative 
immune checkpoint expressed by myeloid cells and T cells that has been demon-
strated to act as both ligand and receptor to suppress T cell activation (20,21,25,35). 
Additionally, VISTA expression in phagocytic cells has been shown to be important in 
ensuring proper clearance of apoptotic cells (36). Importantly, VISTA deficient mice 
develop an age-related pro-inflammatory phenotype characterized by spontaneous 
T cell activation with predisposition to the development of autoimmunity (25). The 
critical role of VISTA in regulating auto-inflammatory responses is also highlighted 
by studies demonstrating aggravation of auto-immune phenotypes in several ex-
perimental models of autoimmunity. For example, in 2D2 T-cell receptor transgenic 
mice which have an increased susceptibility to develop autoimmune encephalo-
myelitis, VISTA deficiency increased disease incidence and severity  (25). Further-
more, the lack of VISTA expression exacerbated murine lupus-like disease due to 
enhanced activation of myeloid cells and T cells in conjunction with increased IFN-α 
production (37). Finally, in a model of Imiquimoid (IMQ)-induced psoriasis, VISTA 
deficiency intensified the IL-23/IL-17 inflammatory axis (38).

          Based on the aforementioned studies, our observations of increased frequen-
cies of VISTA expressing T cells and neutrophils of GPA patients in remission may 
seem counterintuitive. However, in line with our results on VISTA, Wilde et al pre-
viously reported an increase in expression of the co-inhibitory checkpoint PD-1 on 
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Th cells from GPA patients in remission (17). Since immune activation is a distinctive 
feature of GPA (39,40), even in patients in remission, the increased frequencies of 
immune cells expressing inhibitory ICs in GPA may reflect a mechanism to counter-
balance persistent T cell activation and thus inflammation. Our preliminary obser-
vation that the interaction between CD4+ T cells and neutrophils of GPA patients 
resulted in higher suppression of CD4+ T cell proliferation appears to support this 
contention. 

          Given that VISTA is mainly expressed on myeloid cells and its deficiency has 
been linked to an age-related pro-inflammatory phenotype, this IC molecule could 
potentially play an important role in the pathogenesis of GPA. GPA is considered 
an age related disease and neutrophils are implicated as a key effector cells in its 
pathogenesis. A central event in the pathogenesis of GPA is ANCA-mediated neutro-
phil activation (41). Full blown neutrophil activation by ANCA requires priming with 
pro-inflammatory stimuli that induce translocation of the ANCA antigens to the cell 
surface, facilitating interaction with ANCA. Neutrophil activation is then triggered 
primarily via Fc receptor mediated interactions resulting in the release of oxygen 
radicals and proteases that are injurious to the vessel wall (42,43). Our results 
showed that TNF-α-primed neutrophils expressed higher levels of VISTA, suggesting 
that higher frequencies of VISTA expressing neutrophils in GPA mirror a state of ac-
tivation. In line with this, our preliminary results showed that freshly isolated (non-
primed) neutrophils from GPA patients have a higher capacity to suppress CD4+ T 
cell proliferative responses when compared with neutrophils of HCs. A reasonable 
conjecture could be that neutrophils of GPA patients had already undergone in vivo 
TNF-α-priming or ANCA-priming. Another possible explanation for this effect could 
be the increased frequencies of VISTA positive circulating neutrophils with suppres-
sive activity in GPA patients although this clearly needs further investigation.

          Our study has several limitations. First, no samples from GPA patients with 
active disease were included. This could shed light on the influence of disease ac-
tivity on leukocyte VISTA expression. Second, since our study was cross-sectional 
in design, additional prospective studies will be needed to determine the stability 
and/or fluctuations of frequencies of VISTA expressing leukocytes during the course 
of the disease in individual patients. Third, our preliminary observations on the ef-
fects of neutrophils on T cell functions clearly need to be confirmed and extended 
before firm conclusions can be drawn. At present, we cannot conclude that the 
suppressive effect of neutrophils on T cell proliferation is a general feature of these 
cells and that this effect is exclusively mediated by VISTA. As such, additional studies 
with validated VISTA blocking compounds will be necessary. In this context, animal 
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models of AAV may be helpful as well. For example, induction of the established ex-
perimental mouse model of anti-MPO antibody mediated glomerulonephritis (44) 
in VISTA deficient mice could provide more direct insights into the functional role of 
VISTA in the pathogenesis of AAV.

          In conclusion, increased frequencies of VISTA expressing leukocytes in GPA 
patients in remission warrants further investigations into the possible role of this 
inhibitory IC in GPA pathogenesis. Future studies should monitor the expression 
pattern of VISTA on circulating immune cells of GPA patients during their disease 
course, characterize VISTA expression on infiltrating immune cells in vasculitic le-
sions and, interrogate the functional consequences of VISTA on T cell activation in 
GPA in vitro and in vivo. 
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Supplementary Information

GPA: Granulomatosis with Polyangiitis. PB: peripheral blood; M: Male; F: Female; X: sample 
was included; N: No, Y: Yes.
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Supplementary Figure S1. Absolute numbers of circulating CD4+, monocytes and neu-
trophils. Absolute numbers of CD4+ T cells (A), monocytes (B) and neutrophils (C) of HCs 
(n=34), GPA patients (n=43) and GCA patients (n=15). Horizontal lines represent median 
percentages. *P<0.05, ***P<0.005, ns= not significant. 
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Supplementary Figure S2. Gating strategy for the assessment of VISTA+ cells. Represen-
tative flow cytometry plots from CD4+ T cells, monocyte subsets (classical, intermediate 
and non-classical) and neutrophil subsets (CD62LHigh CD16Low, CD62LLowCD16High and 
CD62LHighCD16High) of a HC are shown.
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