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TRANSLATIONAL SCIENCE

Low-density granulocytes activate T cells and
demonstrate a non-suppressive role in systemic

lupus erythematosus
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Pragnesh Mistry,? Carolyne K Smith,? Zerai Manna,? Sarfaraz Hasni,?
Richard M Siegel,* Miguel A Sanjuan,’ Roland Kolbeck,' Mariana J Kaplan,?

Kerry A Casey” '

ABSTRACT

Objectives The presence of proinflammatory low-
density granulocytes (LDG) has been demonstrated

in autoimmune and infectious diseases. Recently,
regulatory neutrophilic polymorphonuclear myeloid-
derived suppressor cells (PMN-MDSC) were identified in
systemic lupus erythematosus (SLE). Because LDG and
PMN-MDSC share a similar phenotype with contrasting
functional effects, we explored these cells in a cohort of
patients with SLE.

Methods LDG and normal-density granulocytes (NDG)
were isolated from fresh blood of healthy donors (HD)
and patients with SLE. Associations between LDG and
clinical manifestations were analysed. Multicolor flow
cytometry and confocal imaging were performed to
immunophenotype the cells. The ability of LDG and
NDG to suppress T cell function and induce cytokine
production was quantified.

Results LDG prevalence was elevated in SLE versus HD,
associated with the interferon (IFN) 21-gene signature
and disease activity. Also, the LDG-to-lymphocyte ratio
associated better with SLE disease activity index than
neutrophil-to-lymphocyte ratio. SLE LDG exhibited
significantly heightened surface expression of various
activation markers and also of lectin-like oxidised low-
density lipoprotein receptor-1, previously described to
be associated with PMN-MDSC. Supernatants from SLE
LDG did not restrict HD CD4™ T cell proliferation in an
arginase-dependent manner, suggesting LDG are not
immunosuppressive. SLE LDG supernatants induced
proinflammatory cytokine production (IFN gamma,
tumour necrosis factor alpha and lymphotoxin alpha)
from CD4* T cells.

Conclusions Based on our results, SLE LDG display

an activated phenotype, exert proinflammatory effects
on T cells and do not exhibit MDSC function. These
results support the concept that LDG represent a distinct
proinflammatory subset in SLE with pathogenic potential,
at least in part, through their ability to activate type 1
helper responses.

INTRODUCTION

A low-density neutrophil population was identified
in the peripheral blood mononuclear cell population
of patients with systemic lupus erythematosus (SLE)
in 1986." Since then, these cells have been reported
in other autoimmune, cancer and infectious diseases

» Low-density neutrophil populations may
either exhibit proinflammatory (low-
density granulocytes, LDG) or suppressive
(polymorphonuclear myeloid-derived suppressor
cells) properties. Both populations have been
reported in systemic lupus erythematosus (SLE).

» SLE LDG demonstrate an activated phenotype,
do not suppress T cells and promote Th1
responses.

» Activated SLE LDG also express lectin-like
oxidised low-density lipoprotein receptor-1.

» SLE normal-density granulocytes, but not LDG,
may suppress T cells in an arginase-dependent
manner.

with either proinflammatory (low-density granu-
locytes, LDG) or suppressive effects (neutrophilic
polymorphonuclear  myeloid-derived  suppressor
cells, PMN-MDSC).”® The proinflammatory nature
of LDG in SLE was demonstrated by their ability
to secrete tumour necrosis factor alpha (TNF-o),
interferon gamma (IFN)-y and type I IFN, cyto-
kines frequently implicated in disease pathogen-
esis.” LDG are also potent producers of neutrophil
extracellular traps (NETs), which drive type T IFN
production by plasmacytoid dendritic cells (pDCs)
and directly contribute to endothelial cell dysfunc-
tion and vascular damage.””'° Patients with SLE with
increased circulating LDG numbers also demonstrate
heightened prevalence of skin involvement, vasculitis,
arterial inflammation and coronary plaque.* !

In contrast, PMN-MDSC were described as
immunoregulatory due to their ability to suppress
T cell proliferation in infectious, autoimmune,
cancer and metabolic diseases.*" The immuno-
suppressive mechanisms mediated by PMN-MDSC
include surface expression of various checkpoint
inhibitors (programmed death-ligand 1 [PD-L1],
programmed death-ligand 2 [PD-L2] and CD73),
along with release of enzymatic or chemical media-
tors (arginase-1 [Arg1] and nitric oxide synthase).'”
In a lupus nephritis cohort, SLE PMN-MDSC medi-
ated suppression in an Argl-dependent manner,
similar to what has been described in multiple
cancer settings."* The multifaceted roles of these
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low-density neutrophil subsets across a range of diverse indica-
tions highlight their importance in human disease.'®

Despite contrasting functions, LDG and PMN-MDSC have
been reported in SLE with strong association to SLE disease
activity index (SLEDAI).? '* Notably, both subsets utilise over-
lapping neutrophil surface markers for identification, including
CD11b", CD33", CD15" (or CD66b) and human leucocyte
antigen-DR isotype (HLA-DR™), after excluding other lineage
(LIN) markers (CD3, CD19, CD20 and CD56)."” *” While these
subsets are thought of as immature neutrophils with reduced
density, most identifying markers are also shared by the mature,
terminally differentiated normal-density granulocytes (NDG)
counterparts. In view of the shared similarities, a comprehensive
and comparative immunophenotyping of activation and regu-
latory markers on the low-density and normal-density counter-
parts has yet to be performed in the context of linking these
cells to SLE disease activity and understanding their relationship
to the type I IFN axis and other components of this disease.
Additionally, it remains unclear in SLE how the low-density
and normal-density counterparts compare functionally in their
ability to exert effects on T cells. As a result, there is ambiguity
surrounding the identity, nature and role of these low-density
subsets in the autoimmune space, particularly SLE.*! >

To address these knowledge gaps, we performed immunophe-
notypic, morphological and functional characterisation of this
neutrophil subset and compared them with autologous NDG
in a well-characterised SLE cohort consisting of both clinically
inactive and active patients. We hypothesised that this larger
cohort with representation across the disease spectrum would
offer enhanced understanding of the functional and pheno-
typic features of these cells. Using this approach, we evaluated
whether lupus LDG (i) associate with disease activity and, more
specifically, the type I IFN pathway, (ii) manifest any of the
PMN-MDSC regulatory effects via previously described mech-
anisms and (iii) differ from matching NDG on these various
phenotypic and functional aspects. As most of the published
literature in the SLE field refers to this abnormal neutrophil
subset as “LDG,” we will henceforth use the same terminology.

METHODS

Methods are provided in the online supplementary information.

RESULTS

Overview of SLE cohort

The demographic and clinical information for healthy donors
(HD) and patients with SLE is summarised in table 1. There was

no significant difference in either sex or median age. The median
SLEDAI score was 2 with range of 0-13.

Increased LDG in SLE associates with IFN gene signature and
disease severity

Previous studies demonstrated the increased presence of LDG
in patients with SLE."® '* We examined those findings by eval-
uating the prevalence of these cells in our cohort of HD and
patients with SLE. Surface markers, previously described in
both autoimmune and cancer studies, required for their iden-
tification were included.'” 2° LDG, purified by density gradient
centrifugation, were identified as LIN (CD3/CD19/CD20/
CD56), HLA-DR™, CD11b*, CD33"*, CD15* (figure 1A).
LDG prevalence was significantly increased in patients with
SLE by 2.9-fold (figure 1B; HD mean=SEM=0.81%=0.16;
SLE mean+SEM=2.37%=+0.45) and absolute count by
11.5-fold (figure 1C; HD mean=SEM=0.28+0.05; SLE

Table 1  Demographics and clinical characteristics of HD and
patients with lupus examined in this study

HD* SLE*
Sex (M/F), n M=7, F=73 M=6, F=88
Age, years (median, range) 45 (35-65)t 40 (15-73)
SLEDAI (median, range) - 2 (0-13)
(3, mg/dL (median, range) - 95.5 (44.8-184.9)
C4, mg/dL (median, range) - 16.7 (2.2-43.3)
ESR, mm/hour (median, range) - 23 (2-100)

CRP, mg/L (median, range) 1.7 (0.15-31.4)

Auto-antibodies (% positive)

Anti-dsDNA - 70
ANA - 95
LAC = 28
ENA - 85
Medications (%)
Oral corticosteroids - 21
Hydroxychloroquine - 83
Azathioprine - 76
Cyclophosphamide - 19
Mycophenolate mofetil - 18
Methotrexate - 24

5

*Human whole blood was collected from HD from the Medimmune Blood Donor
programme. "Age of the HD was provided by decade. *SLE blood samples were
collected from the National Institute of Arthritis and Musculoskeletal and Skin
Diseases/National Institutes of Health. Clinical parameters for patients with SLE
were obtained at the time of visit by routine laboratory test. *Current medications
that patients were taking.

ANA, anti-nuclear antibodies; C3, complement 3; C4, complement 4; CRP, C-reactive
protein; dsDNA, double-stranded DNA; ENA, extractable nuclear antigens;

ESR, erythrocyte sedimentation rate; F, female; HD, healthy donors; LAC, lupus
anticoagulant; M, male; SLE, systemic lupus erythematosus; SLEDAI, SLE disease
activity index.

Biologics (belimumab/rituxan)

mean=SEM=3.22+0.53). Additionally, the number of LDG
demonstrated significant positive association with SLEDAI
score (figure 1D). In line with the strong association with
SLEDAI LDG were observed to be 1.6-fold higher in active
versus inactive patients (inactive SLE mean=SEM=2.48+0.71;
active SLE mean+SEM=4.05+0.79), suggesting their close
relationship with disease activity. To understand whether the
observed close association with SLEDAI was due to specific
clinical manifestations, LDG numbers were assessed for asso-
ciation with various clinical parameters and significantly
associated with increased DNA binding (p=0.0165) and low
complement levels (p=0.0187) (online supplementary table
S1). The observed increase in LDG numbers in SLE versus HD
and its association with SLEDAI validate previous observations
and demonstrate efficacy of the cohort for the purposes of our
study.

The type I IFN pathway plays an important role in disease
pathogenesis and exacerbation in SLE and other rheumatic
diseases. ™ LDG that undergo enhanced NET formation lead
to externalisation of modified extracellular DNA.** % Mate-
rial released from NETs stimulates pDCs to release IFN-o and
myeloid cells to release type I IFNs.” ** #* While LDG can lead
to the production of type I IFNs in vitro, the in vivo association
between LDG and type I IFN pathway remains unknown. To
address this, we evaluated the relationship between LDG and
type I IFN-regulated genes.’® The LDG frequency was signifi-
cantly increased in patients with high versus low type I IFN gene
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Increased prevalence of LDG in SLE associates with disease severity and IFNGS. The frequency of circulating LDG was analysed and

correlated with disease severity. (A) Flow cytometry gating strategy for identifying LDG in human PBMC. Prevalence of LDG in HD and patients

with SLE (healthy n=80; SLE n=94) as (B) frequency of CD45 (HD mean+SEM=0.81+0.16; SLE mean+SEM=2.37+0.45; p<0.0001) and (C) absolute
numbers (HD mean+SEM=0.28+0.05x10%mL; SLE mean+SEM=3.22+0.53x10%/mL; p<0.0001). (D) Association between number of LDG with healthy
as well as inactive and active patients with SLE (healthy n=80; inactive n=50; active n=44) based on SLEDAI (inactive patients
mean+SEM=2.48+0.71x10%mL; active patients with SLE mean+SEM=4.05+0.79x1 0%/mL; p=0.02]. (E) Association between the IFNGS (low n=20;
high n=22) and prevalence of LDG in patients with SLE with low (mean+SEM=0.04+0.01) and high (mean+SEM=1.10+0.30; p<0.0001) IFNGS.

The relationship between (F) neutrophil:lymphocyte ratio and (G) LDG:lymphocyte ratio with SLEDAI. Individual symbol represents one donor and

the mean+SEM is shown. HD, healthy donors; HLA-DR, human leucocyte antigen-DR isotype; IFNGS, interferon 21-gene signature; LDG, low-density
granulocytes; LIN, lineage; PBMC, peripheral blood mononuclear cells; SLE, systemic lupus erythematosus; SLEDAI, SLE disease activity index; SSC, side

scatter.
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signature (IFNGS; figure 1E; low mean=SEM=0.04%=0.0;
high mean+SEM=1.10%+0.30; p<0.0001). This demon-
strates a strong association between the presence of LDG with
both clinical activity and activation of the type I [FN pathway.

While the IFNGS is a strong predictor of type I IFN—driven
inflammation, the total neutrophil-to-lymphocyte ratio (NLR) is
another commonly used indicator of inflammation that encom-
passes many pathways besides type I IFN.?! 3% Given the signifi-
cantly increased number of LDG in SLE, we compared NLR
and evaluated utility of LDG-to-lymphocyte ratio (LLR) as a
new and improved predictor of inflammation. In our cohort,
while NLR demonstrated a significant difference between active
and inactive patients with SLE (p=0.003), it did not signifi-
cantly distinguish between inactive patients with SLE and HD
(p=0.09) (figure 1F). In contrast, LLR offered better resolution
and separation between the same inactive patients with SLE and
HD (p<0.0001) (figure 1G). This result suggests that the LLR
may be a more sensitive indicator of immune dysregulation than
NLR. It would be interesting to further validate the utility of
LLR over NLR in other disease areas.

SLE LDG exhibit an activated immunophenotype

The increased prevalence of LDG across the disease spectrum
validated the utility of our cohort for further analysis. Although
LDG and PMN-MDSC share a similar immunophenotype, they
demonstrate differences in the expression levels of various acti-
vation and regulatory markers based on their contrasting func-
tions." Regulatory markers associated with the suppressive
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activity of PMN-MDSC include Argl, CD73, CD274 (PD-L1)
and CD273 (PD-L2),"* ' whereas degranulation markers asso-
ciated with the proinflammatory role of neutrophils include
CD63 (lysosome-associated membrane glycoprotein (LAMP)-3)
and CD107a (LAMP-1).%* The expression of lectin-like oxidised
low-density lipoprotein (oxLDL) receptor-1 (LOX-1) was
demonstrated to be uniquely expressed by PMN-MDSC in
cancer; however, its ability to distinguish MDSC from LDG in
SLE remains unexplored.*® It is unknown how the expression
levels of these markers compare between LDG and NDG. To
address these questions, immunophenotyping was performed
on both LDG and matching NDG from HD and patients with
SLE. We first examined the immunophenotypic profile of LDG
between HD and patients with SLE (figure 2A-B). As LDG share
similar phenotypic markers with NDG, we then compared the
expression profile of the two cell types in SLE (figure 2C-D) and
HD (online supplementary figure S1).

With the exception of intracellular Argl and CD63, no signif-
icant difference was observed for other markers between LDG
from HD and SLE (figure 2A-B). However, when SLE LDG were
compared with autologous NDG, significant differences were
observed (figure 2C-D). Specifically, LDG expressed signifi-
cantly higher (LOX-1, CD63, CD107a and CD274), reduced
(intracellular Argl, CD273 and CD9S5) or no difference (CD73)
in expression levels of markers examined (figure 2C-D and HD
in online supplementary figure S1). Apart from CD274, none of
the other checkpoint inhibitors (CD273 and CD73) were signifi-
cantly elevated on LDG versus NDG (figure 2D). Notably, the
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Figure 2 LDG exhibit activated phenotype in SLE. Both the NDG and LDG from HD and SLE were phenotyped for various activation and regulatory
markers (healthy n=20; SLE n=20). Phenotyping of (A) activation and (B) regulatory markers on LDG in HD versus SLE. Phenotyping of (C) activation
and (D) regulatory markers on NDG versus LDG from patients with SLE. Individual symbol represents one donor and the mean geometric MFI=SEM is
shown. ®Bar representing geometric MFI value too low to be observed. Arg1, arginase-1; HD, healthy donors; LDG, low-density granulocytes; LOX-1,
lectin-like oxidised low-density lipoprotein receptor-1; MFI, mean fluorescence intensity; NDG, normal-density granulocytes; SLE, systemic

lupus erythematosus.
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significantly higher expression of degranulation markers (CD63
and CD107a) and reduced intracellular Argl on SLE LDG
versus NDG suggest their increased activation status (figure 2C).
Of particular interest was the significantly higher surface expres-
sion of LOX-1 and CD63 on SLE LDG versus NDG.

These results confirm and expand the notion that SLE LDG
and NDG differ immunophenotypically. Based on the higher
surface expression of the degranulation markers, SLE LDG
display an activated immunophenotype with concomitant
expression of LOX-1.

SLE LDG express LOX-1 and demonstrate different
morphology compared with NDG

The increased expression of both LOX-1 and CD63 on LDG
in SLE had not been previously described. While LOX-1 was
recently suggested to be uniquely expressed by suppressive
PMN-MDSC, CD63 is a granulocyte activation marker.*? 3*
LDG and autologous NDG from patients with SLE were anal-
ysed by confocal imaging to examine for differences in LOX-1/
CD63 staining and morphology. While NDG, identified by char-
acteristic multilobed nuclei, demonstrated dim LOX-1/CD63
staining, LDG, with more heterogeneous nuclear morphology
including banded nuclei, were observed to encompass four
subpopulations based on variable levels of LOX-1 and CD63
expression (figure 3A). The LOX-1 expression on LDG was vali-
dated at the messenger level (figure 3B). These data suggest that
SLE LDG express LOX-1, and it was co-expressed with CD63 at
variable levels.

The LOX-1"JCD63" co-expressing population (figure 3A)
was selected for further quantitative morphological assessment.
Quantitatively, LDG had fewer nuclear lobes compared with
autologous NDG (figure 3C; LDG mean*=SEM=2.3+0.09;
NDG mean*+SEM=3.8+0.06). Compared with their NDG
counterparts, LDG demonstrated significantly reduced nuclear
area, cell area, cell diameter as well as lower nuclear-to-cytoplasm
ratio (figure 3D-G). Thus, LDG represent distinct morphology
compared with NDG based on the various nuclear and cellular
parameters examined.

SLE NDG, but not LDG, restrict CD4* T cell proliferation in
arginase-dependent manner

Because SLE LDG express LOX-1, which was recently suggested
to be uniquely expressed by suppressive PMN-MDSC, we evalu-
ated the cells for their suppressive capacity.”* LDG were assessed
for their ability to suppress CD4" T cell proliferation under
both contact-independent and contact-dependent settings. For
contact-independent suppression, the arginase mechanism, shown
previously to be used by PMN-MDSC and activated neutrophils,
was evaluated."** NDG and LDG isolated from patients with SLE
were treated overnight either in the absence or presence of argi-
nase inhibitor nor-NOHA. The supernatant from such treated cells
was then added to freshly isolated healthy naive CD4* T cells that
were activated with anti-CD3/CD28 beads. As a positive control,
the exogenously added arginase was observed to inhibit T cell
proliferation in a dose-dependent manner and this was reversed
by its inhibitor nor-NOHA (figure 4A-B). While SLE NDG signifi-
cantly reduced the proliferative capacity of activated control
CD4" T cells compared with bead control (p=0.0006), an effect
reversed by nor-NOHA (p=0.02), SLE LDG did not restrict T cell
proliferation (figure 4C). Furthermore, neither NDG nor LDG
isolated from HD demonstrated any suppressive effect on T cells
(online supplementary figure S2B). Even in a contact-dependent
setting, the SLE LDG did not inhibit T cell proliferation (online

supplementary figure S2C). These results were not affected by
osmotic stress due to red blood cell lysis treatment (online supple-
mentary figure S3).

In line with the increased suppression capacity of lupus NDG in
suppressing T cell proliferation by a contact-independent mech-
anism, these cells were found to release 3.3-fold higher bioactive
arginase than LDG (figure 4D; NDG mean+SEM=27.27+3.2
enzyme units; LDG mean+*SEM=8.17%+3.3 enzyme units;
p=0.008). The SLE NDG arginase synthesis was dampened
3.9-fold after nor-NOHA treatment (NDG — nor-NOHA
mean*SEM=27.27+3.2 enzyme units; NDG + nor-NOHA
mean+SEM=6.87+2.3 enzyme units). LDG did not show
significant difference in amount of arginase synthesised in
the absence or presence of nor-NOHA. This also corrobo-
rates our observation that SLE NDG have 1.8-fold higher
intracellular Argl geometric mean fluorescence intensity
than LDG (figure 2C; NDG mean+=SEM=4996+269; LDG
mean+SEM=2817+285). Additionally, no significant difference
in levels of released bioactive arginase was observed between HD
NDG and autologous LDG (online supplementary figure S2D).
These results suggest that SLE LDG do not inhibit T cell prolif-
eration under both contact-independent and contact-dependent
settings. Additionally, the SLE NDG-driven suppression of T cell
proliferation in contact-independent setting is primarily medi-
ated by intracellular arginase that is spontaneously released by
the cells in its bioactive form.

SLE LDG induce proinflammatory T cell cytokine profile

Both LDG and PMN-MDSC have been demonstrated to drive
their respective functions and downstream effects on other cells
via the production of key cytokines including IFN-y and inter-
leukin 10.>'7 Given the significant differences between NDG
and LDG in their immunophenotypic profile and abilities to
suppress T cell proliferation, we examined the effect of these
cell types on T cell cytokine production. The supernatant from
cell cultures was analysed for different cytokines by Meso Scale
Discovery multiplex assay. Only SLE LDG were able to induce
significantly higher production of Th1 proinflammatory cyto-
kines IFN-y, TNF-o and lymphotoxin alpha than bead controls
(figure 5). These cytokines were not detected in supernatants
from LDG or NDG (data not shown). Other cytokines and
chemokines examined were either not significantly different
or not detected (online supplementary table S2). Overall, func-
tional and phenotypic analyses of these cells support that lupus
LDG represent a proinflammatory subset that can activate adap-
tive immune responses.

DISCUSSION

The field of neutrophil biology has evolved significantly over the
last decade, and some breakthroughs have focused around the
role of low-density neutrophil subsets in autoimmunity, infectious
diseases and cancer.” ** LDG and PMN-MDSC exert contrasting
functional effects on T cells, with LDG found to be stimulatory
and PMN-MDSC suppressive. In the absence of distinguishing
markers, functional assays are further needed in order to char-
acterise these subsets as proinflammatory or suppressive. Parallel
analysis of low-density and normal-density neutrophils lends
important context for interpreting immunophenotypic and func-
tional studies. While previous studies in SLE have examined these
low-density neutrophil subsets, conflicting reports exist regarding
their function and role in disease.’ * 2! #* Although the immuno-
phenotypic identification strategy utilised by Wu et al is similar to
the approach used in our study (CD11b+CD33+HLA-DR™), cells
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Figure 3  SLE LDG express LOX-1 and demonstrate different morphology compared with autologous NDG. (A) Representative confocal images of
autologous SLE NDG and LDG and relative percentage of LDG subgroups. The LOX-1"/CD63" population was further characterised for morphology
(data representative of five patients with SLE). (B) LOX-1 mRNA expression levels in SLE NDG and LDG (data representative of five patients with
SLE). (C—G) Quantitative comparative assessment of various morphological parameters between SLE NDG and LOX-1" CD63" LDG population,

(C) number of nuclear lobes, (D) nuclear area (NDG mean+SEM=160+7.4 pmz; LDG mean+SEM=101+3.4 pmz; p<0.0001), (E) cell area (NDG
mean+SEM=315+14.6 pm? LDG mean+SEM=245+9 pm? p<0.0001), (F) nuclear-to-cytoplasm ratio (NDG mean+SEM=0.89+0.07;

LDG mean=SEM=0.6+0.03; p<0.0001) and (G) cell diameter (NDG mean+SEM=14+0.72 pm; LDG mean+SEM=11.7+0.41 ym; p<0.0001). Data
pooled from five patients with SLE with individual symbol representing one cell and the mean+SEM is shown. Scale bar per image is 10 pm. LDG,
low-density granulocytes; LOX-1, lectin-like oxidised low-density lipoprotein receptor-1; NDG, normal-density granulocytes; SLE, systemic lupus
erythematosus.
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Figure 4 SLE LDG do not restrict CD4* T cell proliferation. Both NDG and LDG from patients with SLE were evaluated for their ability to restrict

T cell proliferation in an arginase-dependent assay. The relative number of HD proliferating CD4* T cells was calculated after 72 hours, when co-
cultured with supernatant from either SLE NDG or LDG that was cultured overnight in the absence or presence of arginase inhibitor, nor-NOHA.

(A) Representative plots and (B) relative number of T cells (normalised to CD3/CD28 bead controls) for different control conditions from three
independent experiments. (C) Relative number of T cells (normalised to CD3/CD28 bead controls) when cultured with either NDG or LDG supernatant
that was cultured overnight in the absence or presence of nor-NOHA (pooled data from six patients with SLE in three independent experiments).

(D) Quantification of bioactive arginase present in the supernatant of the NDG and LDG test conditions (pooled data from six patients with SLE and
the mean+SEM is shown). One unit of arginase is the amount of enzyme that will convert 1.0 pmole of L-arginine to ornithine and urea per minute
at pH 9.5 and 37°C. HD, healthy donors; LDG, low-density granulocytes; NDG, normal-density granulocytes; NOHA, N®-hydroxy-nor-arginine; SLE,
systemic lupus erythematosus.
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Figure 5 SLE LDG induce proinflammatory T cell cytokine profile. Normalised quantification of (A) IFN-y, (B) TNF-o. and (C) LT-o from the
proliferating T cell cultures that were cultured with supernatants derived from either NDG or LDG of patients with SLE (pooled data from six patients
with SLE and the mean+SEM is shown). IFN-y, interferon gamma; LDG, low-density granulocytes; LT-o, lymphotoxin alpha; NDG, normal-density
granulocytes; SLE, systemic lupus erythematosus; TNF-c, tumour necrosis factor alpha.

were designated as PMN-MDSC by these investigators because of
their observed suppressive functions.'* In our hands, these cells
exhibited proinflammatory functions. The cohort studied by Wu
et al exhibited high disease activity, and the majority of patients
had lupus nephritis, which could underlie the observed differences
in function. Furthermore, in our hands, the cell sorting technique
used by Wu et al may significantly modify the functional character-
istics of granulocytes and myeloid cells (unpublished observations).

In multiple cancers, LOX-1 was demonstrated to be expressed
at high levels on suppressive PMN-MDSC as compared with
their normal-density counterparts and was thus suggested as a
marker for PMN-MDSC.** Here, we demonstrate for the first
time the heightened surface expression of LOX-1 on proinflam-
matory LDG in an autoimmune disease. LOX-1 is a class E scav-
enger receptor for oxLDL, and in inflammatory diseases such
as SLE, elevated oxLDL can induce granulocytic activation and
degranulation.””** In cancer, LOX-1 has been associated with
suppressive activity but is not required for regulatory function.>*
LOX-1 expression can be induced by endoplasmic reticulum
stress, a common feature of both cancer and autoimmunity.** **
For these reasons, in autoimmune diseases, LOX-1 should not
be used to assess whether a neutrophil is immunosuppressive or
proinflammatory.

Indeed, while SLE LDG express LOX-1, they did not
display any significant ability to suppress T cells in either
contact-independent or contact-dependent assays. In contrast,
here we demonstrated suppression mediated by transferred super-
natants from overnight cultures of only lupus NDG. We observed
that spontaneously released bioactive Argl from SLE NDG was
S-fold higher than HD NDG. Metabolism of extracellular argi-
nine via Arg1 liberated from PMN-MDSC or neutrophil azurophil

granules is a key mechanism by which these cells are thought to
exert their suppressive effect on T cells.**™*® Consistent with the
possible involvement of this mechanism in disease, elevated levels
of Argl have been reported in the serum of patients with autoim-
munity, cancer and infectious diseases.” ! The enhanced suppres-
sive ability of SLE NDG may also be due to presence of activated
neutrophils in such patients that have increased neutrophil sidero-
phore lipocalin-2 (LCN2/NGAL), which can effectively bind and
remove iron.’* Sequestration of iron, a key T cell nutrient, from
the microenvironment negatively impacts T cell proliferation.”®
The ability to release significantly more bioactive arginase coupled
with heightened presence of LCN2 allows NDG from patients
with SLE to be better suppressors of T cell proliferation than HD
NDG. Our data suggest that in SLE, the Argl-dependent suppres-
sion is primarily mediated by NDG and not LDG. While NDG
supernatant did not affect CD4 T cell cytokine production, LDG
supernatant promoted proinflammatory Th1 cytokine response,
further validating their role as drivers of inflammation. Such Th1
cytokine-producing cells have been detected in abundance in the
kidneys of patients with lupus nephritis and also correlated with
histological disease activity.>**°

In SLE, LDG have been shown to be highly susceptible to
form NETs, a process that can lead to immune dysregulation and
activation of pDC and myeloid type I IFN axis and induction
of IFNGS.” ** We demonstrated for the first time direct posi-
tive correlation between LDG and IFNGS, suggesting a close
link between the presence of these cells and activation of type
I IFN pathway. As such, future studies should address whether
similar correlations are observed in other inflammatory diseases
where the type I IFN pathway is considered to play important
pathogenic roles. Further understanding the crosstalk between
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aberrant neutrophil subsets and the type I IFN pathway in SLE
may provide the identification of additional therapeutic targets
in this disease.

In conclusion, we demonstrate that SLE LDG represent a
pathogenic subset associated with type I IFN activation and with
the development of non-suppressive T cell activation in this
disease. The observed proinflammatory role of LDG validates
their putative pathogenic role in SLE.
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