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Autoantibodies targeting to GPER1 promote monocyte
cytokines production and inflammation in systemic lupus

erythematosus
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Dear Editor,

Systemic lupus erythematosus (SLE), one of the most common
autoimmune diseases in reproductive females, is a multifactorial
disease involving genetic, environmental, and hormonal factors."
It occurs at a 9:1 female-to-male ratio, and the sex predisposition
suggests that the estrogen system plays an essential role in the
developing of SLE. The effects of estrogen have traditionally been
attributed to the classical nuclear estrogen receptors (ERs), ERa,
and ER(, which predominantly regulate transcription. Guanine
nucleotide-binding protein-coupled estrogen receptor 1 (GPER1)
is a transmembrane receptor for estrogen that mediates several
rapid cellular effects of estrogen.? Large amounts of autoantibo-
dies characterize SLE, and anti-estrogen receptor autoantibodies
are likely to affect the function of immune cells in SLE but are not
yet fully understood. A high titer of anti-ERa autoantibodies has
been identified in patients with SLE and was significantly
correlated with disease activity, whereas anti-ER( antibodies were
not present in any of the patients with SLE.®> In contrast, the
presence of anti-GPER1 autoantibodies in patients with SLE
remains unstudied. Therefore, this study aimed to identify the
pathogenic roles of autoantibodies to GPER1 in SLE.

Serum IgG immunoreactivity to GPER1 in 117 patients with SLE
was detected using ELISA. We found that the SLE group’s OD
values were significantly higher than those of other autoimmune
diseases and healthy donors (Fig. 1a). Autoantibodies to GPER1
were detected in 39.3% (46/117) of patients with SLE. In contrast,
these autoantibodies were identified in only 3.5% (2/56) of
patients with RA, 8.3% (5/60) of patients with SS, 6.6% (4/61) of
patients with AS, 9.1% (6/66) of patients with gout, and 5.7%
(4/70) of healthy controls. Additionally, the rate of anti-GPER1 IgG-
positivity in patients with SLE was significantly higher (Supple-
mentary Table S1). The representative anti-GPER1 1gG-positive
serum samples in SLE and healthy controls were further confirmed
by Western blotting (Fig. 1b).

Among 117 patients with SLE, 86 patients had complete clinical
data and were evaluated for disease activity with SLEDAI scores.
Spearman’s rank analysis showed that the OD value of anti-GPER1
IgG in the sera of patients with SLE positively correlated with the
SLEDAI scores (Fig. 1¢). We found that patients with higher disease
activity (SLEDAI > 4) had a higher anti-GPER1 IgG level than those
with lower disease activity (SLEDAI < 4) (Fig. 1d). Additionally, the
differences in clinical characteristics in the anti-GPER1 IgG-positive
and anti-GPER1 IgG-negative patients with SLE were analyzed. A
higher prevalence of serositis was observed in the anti-GPER1 IgG-
positive patients than in anti-GPER1 IgG-negative patients
(Supplementary Table S2). Furthermore, Spearman’s rank analysis
showed that the level of anti-GPER1 IgG was positively related to
IgG and IgA, and negatively correlated with levels of complement
3, complement 4, and hemoglobin level (Fig. 1e).
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Functional antibodies targeting GPCRs can trigger or block
intracellular signaling pathways, resulting in agonistic or antag-
onistic effects respectively. We purified anti-GPER1 antibodies
(0-GPER1 Abs) from sera of patients with SLE for in vitro
experiments to confirm whether it is functional antibodies that
can activate or inhibit intracellular GPER1 signaling pathways.
Using 17B-estradiol (E2) as stimuli, GPER1 was activated resulting
in increased cAMP production, intracellular Ca, " and ERK1/2
phosphorylation. To exclude the effect of classical ERs, HEK293
cells, which do not express ERa or ERB, were transfected with
GPER1 and incubated with a-GPER1 Abs or antibodies isolated
from healthy controls (HC Abs) for 1 h before being loaded with
Ca®" indicator Fluo-4 AM. Whereas E2 stimulation of HC IgG-
pretreated cells resulted in the mobilization of intracellular
calcium, preincubation of the cells with a-GPERT Abs essentially
abolished the Ca*" influx induced by E2 (Fig. 1f), supporting the
blocking effect of anti-GPER1 autoantibodies on GPER1-mediated
estrogen signaling.

To simulate in vivo function of anti-GPER1 autoantibodies, we
injected G15, a specific inhibitor of GPER1,? into pristane-induced
SLE mice every 2 days for 4 weeks. Intraperitoneal injection of
pristane induced immune cell infiltration in abdominal cavities,
and the peritoneal lavage fluid was collected for cell counts and
assessments of cytokine levels. The Numbers of infiltratin
macrophages, plasmacytoid dendritic cells (pDCs), and Ly6C™d
monocytes in the G15 treatment group were significantly
increased in contrast to the control, while numbers of T cells
and B cells were comparable (Fig. 1g-i, Supplementary Fig. S1a—c).
We also observed increased IL-6, TNF-a, and IFN-a in peritoneal
lavages from the G15 treatment group compared to the control
group (Fig. 1j-1). Moreover, G15 treatment increased the titer of
serum ANA in SLE mice (Fig. 1m). Therefore, the results above
suggested that inhibition of GPER1 exacerbated inflammation in
pristane-induced SLE mice.

As described above, inhibition of GPERT promoted macro-
phages, pDCs, and Ly6C"" monocytes infiltration and inflam-
matory cytokines secretion. Therefore, we speculated that anti-
GPER1 autoantibodies might act as GPER1-blocking antibodies
to regulate the function of myeloid immune cells. We assessed
the expression of GPER1 in PBMC subsets and found that
monocytes expressed a higher level of GPER1 compared to
T cells, NK cells, DCs, and NKT cells, whereas B cells expressed a
comparable level of GPER1 on the cell surface with monocytes
(Supplementary Fig. S2a).

To further confirm whether anti-GPER1 autoantibodies affect
cytokine secretion of monocyte, PBMCs of healthy donors were
treated with LPS, LPS+E2, LPS+E2+ a-GPER1 Abs, or
LPS+E2+HC IgG for 4h. Flow cytometric staining was
performed for surface CD14 to gate monocytes, followed by
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Fig. 1 Autoantibodies to GPER1 promote monocyte cytokines production by blocking GPER1 signaling and are associated with disease
activity in SLE. a The titer of anti-GPER1 IgG in patients with SLE (n = 117), rheumatoid arthritis (RA) (n = 56), Sjogren’s syndrome (SS) (n = 60),
ankylosing spondylitis (AS) (n = 61), Gout (n = 66), and healthy controls (n = 70) was measured by ELISA. The cutoff value was defined as the
mean OD value of the healthy controls+2 SDs. One-way ANOVA was used to analyze data for differences. Asterisks represent statistically
significant differences from the SLE group. b Represented serum samples from patients with SLE and healthy controls were further confirmed
by western blotting. The serum samples comprised the 10 patients with the highest OD values and the 5 randomly selected healthy controls.
¢ Correlation between SLEDAI score and titer of anti-GPER1 IgG in 86 patients with SLE. Data were analyzed using Spearman’s correlation
coefficients. d The titer of anti-GPER1 IgG in patients with SLEDAI scores of >4 and patients with SLEDAI scores of <4. Unpaired t-test was used
to analyze data for differences. e Correlation between serum anti-GPER1 autoantibodies and clinical parameters in patients with SLE. Data
were analyzed using Spearman’s correlation coefficients. f 10 pg/mL a-GPER1 Abs or HC IgG were added to GPER1-transfected HEK293 cells for
1 h and then loaded with Fluo-4 AM. Cells were stimulated by 100 nM 17-estradiol and constantly observed for 70 s. Vector-transfected cells
were used as a control. The fluorescence intensity of cells before and after the stimulation was obtained by confocal microscopy and
evaluated by Leica System Analysis Software. g—i C57BL/6 mice were treated with or without pristane. After 2 days, mice were i.p. injected with
G15 or DMSO as control every 2 days for 4 weeks. Subpopulations of peritoneal cells were identified by flow cytometry as macrophages
(CD11b," F4/80™"), monocytes (CD11b™, F4/80~, Ly6C"®"™, and pDCs (CD11b~, Gr-1", CD11c ", B220™). Shown is the total number of each
population. One-way ANOVA was used to analyze data for differences (n = 5-15). j-1 TNF-a, IL-6, and IFN-a production in peritoneal lavage
fluid was detected by ELISA (n = 9-13). One-way ANOVA was used to analyze data for differences. m Detection of ANA using HEP-2 slides. Sera
were tested for IgG-ANA (n = 9-18). n-q PBMCs were stimulated with LPS, LPS + E2, LPS + E2 4+ a-GPER1 Abs, or LPS + E2 + HC IgG for 4 h.
Intracellular staining of TNF-a and IL-6 in CD14" monocytes (n = 6). One-way ANOVA was used to analyze data for differences. r-u Monocytes
were isolated from PBMCs by magnetic cell sorting and were stimulated with a-GPER1 Abs with the presence of LPS and E2 for 72 h. The
inflammatory cytokines in the supernatant were measured by ELISA (n=4-7). Data are represented as mean + SEM. One-way ANOVA was
used to analyze data for differences. Data are representative of 3 independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001
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intracellular staining for TNF-a and IL-6 (Fig. 1n—q). We found that
LPS-induced production of TNF-a and IL-6 in CD14" monocyte
was inhibited by E2, whereas treatment with a-GPER1 Abs
recovered these levels. Additionally, monocytes isolated from
PBMC were treated with a-GPER1 Abs in the presence of LPS and
E2 for 72 h, and the supernatants were collected to measure the
inflammatory cytokines. Levels of TNF-a and IFN-a were lower
with the presence of E2 and increased considerably after
incubation with a-GPER1 Abs, whereas levels of IL-6 and IL-13
were comparable between each group (Fig. 1r-u). These results
indicated that a-GPER1 Abs reversed the production of TNF-a and
IFN-a in monocytes by abrogating the anti-inflammatory capacity
of E2. Treatment with a-GPER1 Abs did not affect CD80, CD86,
HLA-DR, and TLR4 expression and the survival of monocytes
(Supplementary Fig. S3a-e).

SLE is an autoimmune disease characterized by producing of a
wide variety of autoantibodies. We reported the presence of anti-
GPER1 autoantibodies in patients with SLE for the first time.
Notably, a significant association between anti-GPER1 IgG level
and disease activity was found, implying that these autoanti-
bodies could be used as potential serological biomarkers for SLE
diagnosis and activity evaluation. Analysis of the effects of a-
GPER1 Abs indicated that they acted as blocking antibodies and
inhibited estrogen-induced Ca®" mobilization.

We found that GPER1 antagonist exacerbates macrophages
and Ly6CM9" monocytes infiltration and inflammatory cyto-
kines secretion in pristane-induced SLE mice, which supported
the notion that GPER1 exerts an anti-inflammatory effect in the
monocyte/macrophage population.> Monocytes have been
increasingly recognized to play a dynamic role in initiating
and perpetuating SLE, given their hallmark functions in
phagocytosis, antigen presentation, and cytokine production.
Our data showed that the anti-GPER1 autoantibodies abro-
gated the anti-inflammatory capacity of E2, resulting in
increased production of IFN-a, TNF-a and IL-6 in monocytes,
which are known to be associated with SLE development and
tissue damage.

In conclusion, our findings suggest that anti-GPER1 auto-
antibodies might be novel biomarkers for SLE diagnosis and
activity evaluation. Additionally, anti-GPER1 autoantibodies act
as blocking antibodies and reverse the inhibitory effects of E2 on
inflammatory cytokines secretion through GPER1. Consequently,
these results may contribute to understanding the complex
pathogenic mechanisms underlying SLE. Therefore, expanding
the knowledge of the pathophysiological roles of autoantibo-
dies against estrogen receptors will open avenues for new
therapeutic approaches.

DATA AVAILABILITY

All relevant data are available in Supplementary Information and from the authors.

ACKNOWLEDGEMENTS

The present research was supported by grants from the Natural Science Foundation
of China (82101841, X.Z,, 81601384, H.Q,, 81971536, 82171779, G.S., and 81971496,
Y.L), the Natural Science Foundation of Fujian Province (2020J05301, X.Z,
2021J05292, H.Q), and the Scientific and Technological Projects of Xiamen City
(3502220209004, G.S. and 3502Z20214ZD3001, X.Z.). We are extremely grateful to all
the patients and healthy volunteers who took part in this study.

Signal Transduction and Targeted Therapy (2023)8:93

Letter

AUTHOR CONTRIBUTIONS

X.Z. and H.Q. performed the research and wrote the manuscript. X.Z, HQ,, Y.W,, and
Y.C. conducted the experiments with the help from Y.S. and Y.H. Y.H. and S.C. provided
suggestions for the study. Y.L. and G.S. designed research studies, supervised,
and revised the manuscript. All authors have read and approved the article.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541392-022-01294-3.

Competing interests: The authors declare no competing interests.

Ethics approval: All animal procedures were approved by the Animal Care and Use
Committee of the Laboratory Animal Research Center at the Xiamen University
(XMULAC20190109). All human studies were approved by the Ethics Committee of
the First Affiliated Hospital of Xiamen University, Xiamen, China (KY2017-034). All
healthy volunteers and patients, including those with SLE, RA, SS, AS, and gout,
provided written informed consent.

Xinwei Zhang (9%, Hongyan Qian'*?, Yangchun Chen'??,

Yuanhui Wu'??, Yuechi Sun'??, Yan He'??, Shiju Chen'??,
Guixiu Shi"*** and Yuan Liu"**™

'Department of Rheumatology and Clinical Immunology, the First
Affiliated Hospital of Xiamen University, School of Medicine, Xiamen
University, Xiamen 361000, China; *Xiamen Municipal Clinical
Research Center for Inmune Diseases, Xiamen 361000, China and
3Xiamen Key Laboratory of Rheumatology and Clinical Inmunology,
Xiamen 361000, China

These authors contributed equally: Xinwei Zhang, Hongyan Qian
Correspondence: Guixiu Shi (gshi@xmu.edu.cn) or

Yuan Liu (liuyuan@xmu.edu.cn)

REFERENCES

1. Lou, H, Ling, G. S. & Cao, X. Autoantibodies in systemic lupus erythematosus: from
immunopathology to therapeutic target. J. Autoimmun. 132, 102861 (2022).

2. Revankar, C. M., Cimino, D. F., Sklar, L. A, Arterburn, J. B. & Prossnitz, E. R. A
transmembrane intracellular estrogen receptor mediates rapid cell signaling. Sci-
ence 307, 1625-1630 (2005).

3. Colasanti, T. et al. Autoantibodies to estrogen receptor a interfere with T lym-
phocyte homeostasis and are associated with disease activity in systemic lupus
erythematosus. Arthritis. Rheum. 64, 778-787 (2012).

4. Dennis, M. K. et al. In vivo effects of a GPR30 antagonist. Nat. Chem. Biol. 5,
421-427 (2009).

5. Notas, G., Kampa, M. & Castanas, E. G protein-coupled estrogen receptor in
immune cells and its role in immune-related diseases. Front. Endocrinol. 11,
579420 (2020).

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

SPRINGER NATURE


https://doi.org/10.1038/s41392-022-01294-3
http://orcid.org/0000-0002-1582-2483
http://orcid.org/0000-0002-1582-2483
http://orcid.org/0000-0002-1582-2483
http://orcid.org/0000-0002-1582-2483
http://orcid.org/0000-0002-1582-2483
mailto:gshi@xmu.edu.cn
mailto:liuyuan@xmu.edu.cn
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Autoantibodies targeting to GPER1 promote monocyte cytokines production and inflammation in systemic lupus erythematosus
	Supplementary information
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




