:' frontiers ‘ Frontiers in Pharmacology

EDITORIAL
published: 12 July 2022
doi: 10.3389/fphar.2022.962869

OPEN ACCESS

Edited and reviewed by:
Dieter Steinhilber,

Goethe University Frankfurt, Germany

*Correspondence:
Luigia Trabace
luigia.trabace@unifg.it

Specialty section:

This article was submitted to
Inflammation Pharmacology,
a section of the journal
Frontiers in Pharmacology

Received: 06 June 2022
Accepted: 14 June 2022
Published: 12 July 2022

Citation:

Trabace L, Roviezzo F and Rossi A
(2022) Editorial: Sex Differences in

Inflammatory Diseases.
Front. Pharmacol. 13:962869.

doi: 10.3389/fohar.2022.962869

Check for
updates

Editorial: Sex Differences in
Inflammatory Diseases

Luigia Trabace*, Fiorentina Roviezzo? and Antonietta Rossi?

" Department of Clinical and Experimental Medicine, University of Foggia, Foggia, Italy, 2Department of Pharmacy, University of
Naples Federico I, Naples, Italy

Keywords: sex differences, inflammation, autoimmune disorders, cardiovascular system, infectious diseases

Editorial on the Research Topic
Sex Differences in Inflammatory Diseases

Inflammatory diseases significantly differ between men and women in regard to their incidence,
manifestations, gravity and prognosis, as well as response to pharmacological treatments (Di Florio
et al., 2020; Mauvais-Jarvis et al., 2020). Despite the increasing efforts to consider sex as a crucial
biological variable impacting on the pathophysiology of inflammatory and autoimmune diseases,
cellular and molecular pathways underlying sexual differences in these disorders remain scarcely
elucidated. This is also due to the under-representation of the female sex not only in preclinical
research, but also in clinical trials.

In this Research Topic, a team of international experts presents the results of their preclinical and
clinical studies focused on sex differences in inflammatory and autoimmune disorders affecting
different organs. Moreover, findings regarding sex impact on pathogen-induced immune and
autoimmune responses are shown and discussed.

An increasing number of evidence points toward a sex-based effects in several disorders of the
cardiovascular system, including autoimmune myocarditis and related cardiac fibrosis and dilated
cardiomyopathy (Fairweather et al., 2012; Fairweather et al., 2013). In this regard, in a first original
article, Barcena et al. assess possible sex-dependent differences in alterations of cardiac function,
inflammation and fibrosis development in an animal model of experimental autoimmune
myocarditis, showing the presence of a pro-inflammatory phenotype in male animals and of an
anti-inflammatory phenotype in females. Macrophage polarization and activation of cardiac
fibroblasts have been reported to be crucially involved in myocardial inflammation and
remodeling (Kim et al., 2021). In a second original research article, Barcena et al. demonstrate
that the polarization of bone marrow-derived macrophages, with a significant overexpression of M1
and M2 markers, as well as increased levels of reactive oxygen species, specifically occurs in male
mice. Interestingly, they also show that an inflammatory environment promotes the activation of
cardiac fibroblasts, with significant higher levels of the pro-fibrotic markers TGF-p and IL-1p in
activated cardiac male fibroblasts compared to female ones.

Recent data have also highlighted a significant impact of sex-dependent differences in the
development of cardiac valve alterations, such as aortic stenosis (AS) (Saeed et al., 2020a; Saeed et al.,
2020b). In particular, fibrosis has been shown to mainly affects women’s aortic valves, whereas higher
calcification degrees have been described in men. In this regard, Myasoedova et al. evaluate aortic
valve fibrosis in men and women with a severe AS, showing a significant effect of sex on the fibro-
calcific process of the aortic valve, both at gene expression and cell type level, with lower content of
aortic valve calcium, higher fibrosis and an over-representation of mesenchymal cells in women. Pro-
inflammatory pathways, characterized by increased levels of monocytes, macrophages, T and B cells,
were, instead, enhanced in men. With respect to vessel autoimmune diseases, anti-neutrophil
cytoplasmic antibody (ANCA)-associated vasculitis (AAV) affects multiple organs, including
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kidney, resulting in ANCA glomerulonephritis (GN). In their
retrospective study, Tampe et al. aim to evaluate possible sex
differences in patients with AAV and biopsy-proven ANCA GN
in both laboratory parameters and histopathological scoring of
glomerular and tubulointerstitial lesions, as well as AAV
extrarenal manifestations. Although sex was not correlated
with short-term clinical AAV course, disease severity and
ANCA GN classification, females showed a
tubulointerstitial inflammation and vasculitis of peritubular
capillaries compared to males.

Among autoimmune disorders, psoriasis is the one in which the
role of sex has been poorly investigated so far, although it has been
widely reported that fluctuations of estrogen levels are implicated in
the variety of psoriasis manifestation in women (Ceovic et al., 2013).
In this regard, by developing an innate immunity dependent
mannan-induced psoriasis model, Wu et al. show an increased
severity of the disease in female mice of different strains, as well
as a prominent expression of estrogen receptor- on keratinocytes.
Moreover, the expression of genes promoting skin inflammation,
including the ones for some specific cytokines, i.e. TNF-q, IL-6, IL-
22, IL-23, and IL-17 family, was affected by estrogen levels.

Sex impact on the susceptibility to many infectious diseases, as
well as on pathogen-induced immune responses and post-infection
viral autoimmunity, has gained increasing attention in last years
(Ruggieri et al., 2016), especially following the COVID-19 pandemic
(Gebhard et al, 2020; Haitao et al, 2020). In this context, a
considerable number of factors has been investigated and
proposed to be crucially implicated. In their review, Popescu
et al. categorize the highly heterogeneous available literature
about the involvement of environmental factors, such as
endocrine disrupting chemicals, describing and discussing how
they can interfere with immune-related endocrine signaling and
contribute to autoimmunity and autoreactivity following infections
from Epstein-Barr and Herpes Simplex viruses, as well as SARS-
CoV-2. In an interesting HYPOTHESIS AND THEORY article,
Spiering and de Vries suggest that females may be significantly
protected against severe COVID-19, due to the biallelic Toll-Like
Receptor 7, one of the crucial recognition receptors for SARS-CoV-2
ssRNA, resulting in a stronger and more protective interferon-
mediated response immediately after infection. In their original
research article, Kuipery et al. highlight the impact of sex on the
responsiveness of liver myeloid cells following Hepatitis B Virus
infection, showing more frequent and severe liver damage, together
with increased levels of inflammatory markers of myeloid activation,
in men, whereas sex did not impact on the frequency or phenotype
of sinusoidal myeloid cells. An evaluation of sex effects on lipid
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mediators (LMs) of inflaimmation in a rodent model of
inflammatory peritonitis, obtained by zymosan administration in
male and female mice after gonadectomy, has been conducted in the
original research article by Troisi et al. that shows a predominance of
specific pro-inflammatory products in the exudates of males, thus
revealing sex differences and a clear role of sex hormones in LM
biosynthetic networks during acute self-resolving inflammation.
Moreover, genetic factors modifying in a sex-dependent way the
response to infectious diseases are discussed in a minireview by
Lipoldovd and Demant, focusing on 22 autosomal genes/loci
affecting, in rodent models, the susceptibility to infections from
different pathogens only in females or only in males or in both sexes,
but with opposite effects.

The body’s response to infections can be severe and result in
sepsis that has been described as the leading cause of death in
intensive care units, especially when occurring after a trauma (Ma
et al., 2016). With respect to this pathological condition, the
impact of sex on mortality remains still controversial. In this
regard, the retrospective cohort study of Kondo et al., conducted
on hospitalized patients with sepsis after trauma, points toward a
significant increase of the survival rate in female subjects
compared to males, although it is concluded that molecular
mechanisms underlying this sex difference need to be further
elucidated. On the contrary, the original research article by Scott
et al,, realized by using a mechanical rat model of traumatic brain
injury (TBI), a pathological condition which strongly solicits the
immune system (Bao et al,, 2021), reports only limited sex-
dependent differences in the observed alterations of the blood
brain  barrier = permeability caused by  TBI-induced
neuroinflammation.

In conclusion, we hope that this Research Topic will be useful
for all researchers working in the field of inflammatory and
autoimmune diseases and will prompt them to take into
adequate consideration possible sex-based differences when
designing their studies, in order to obtain reliable results and
also to allow a sound translation of preclinical findings into the
clinical settings.
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comments and suggestions.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

Di Florio, D. N, Sin, J., Coronado, M. J., Atwal, P. S., and Fairweather, D. (2020).
Sex Differences in Inflammation, Redox Biology, Mitochondria and
Autoimmunity. Redox Biol. 31, 101482. d0i:10.1016/j.redox.2020.101482

Fairweather, D., Cooper, L. T., Jr., and Blauwet, L. A. (2013). Sex and Gender
Differences in Myocarditis and Dilated Cardiomyopathy. Curr. Probl. Cardiol.
38 (1), 7-46. doi:10.1016/j.cpcardiol.2012.07.003

Fairweather, D., Petri, M. A., Coronado, M. J., and Cooper, L. T. (2012).
Autoimmune Heart Disease: Role of Sex Hormones and Autoantibodies in
Disease Pathogenesis. Expert Rev. Clin. Immunol. 8 (3), 269-284. doi:10.1586/
eci.12.10

Frontiers in Pharmacology | www.frontiersin.org

July 2022 | Volume 13 | Article 962869


https://www.frontiersin.org/articles/10.3389/fimmu.2021.736638/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.818173/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.626107/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.626107/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.756262/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.818612/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.818544/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.712688/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.678156/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.753570/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.753570/full
https://doi.org/10.7150/ijms.46834
https://doi.org/10.1155/2013/571912
https://doi.org/10.1016/j.redox.2020.101482
https://doi.org/10.1016/j.cpcardiol.2012.07.003
https://doi.org/10.1586/eci.12.10
https://doi.org/10.1586/eci.12.10
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Trabace et al.

Gebhard, C., Regitz-Zagrosek, V., Neuhauser, H. K., Morgan, R., and Klein, S. L.
(2020). Impact of Sex and Gender on COVID-19 Outcomes in Europe. Biol.
Sex. Differ. 11 (1), 29. doi:10.1186/s13293-020-00304-9

Haitao, T., Vermunt, J. V., Abeykoon, J., Ghamrawi, R, Gunaratne, M.,
Jayachandran, M., et al. (2020). COVID-19 and Sex Differences:
Mechanisms and Biomarkers. Mayo Clin. Proc. 95 (10), 2189-2203. doi:10.
1016/j.mayocp.2020.07.024

Kim, Y., Nurakhayev, S., Nurkesh, A., Zharkinbekov, Z., and Saparov, A. (2021).
Macrophage Polarization in Cardiac Tissue Repair Following Myocardial
Infarction. Int. J. Mol. Sci. 22 (5), 2715. doi:10.3390/ijms22052715

Ma, X. Y., Tian, L. X, and Liang, H. P. (2016). Early Prevention of Trauma-Related
Infection/sepsis. Mil. Med. Res. 3, 33. doi:10.1186/s40779-016-0104-3

Mauvais-Jarvis, F., Bairey Merz, N., Barnes, P. ], Brinton, R. D., Carrero, J. J.,
DeMeo, D. L., et al. (2020). Sex and Gender: Modifiers of Health, Disease, and
Medicine. Lancet 396 (10250), 565-582. doi:10.1016/S0140-6736(20)31561-0

Ruggieri, A., Anticoli, S., D’Ambrosio, A., Giordani, L., and Viora, M. (2016). The
Influence of Sex and Gender on Immunity, Infection and Vaccination. Ann. Ist.
Super. Sanita 52 (2), 198-204. doi:10.4415/ANN_16_02_11

Saeed, S., Mancia, G., Rajani, R,, Parkin, D., and Chambers, J. B. (2020a). Sex-
Differences in Aortic Stenosis: Effect on Functional Capacity and Prognosis. Int.
J. Cardiol. 304, 130-134. doi:10.1016/j.ijcard.2019.11.136

Editorial: Sex Differences and Inflammation

Saeed, S., Dweck, M. R,, and Chambers, J. (2020b). Sex Differences in Aortic
Stenosis: from Pathophysiology to Treatment. Expert Rev. Cardiovasc Ther. 18
(2), 65-76. doi:10.1080/14779072.2020.1732209

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Trabace, Roviezzo and Rossi. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Pharmacology | www.frontiersin.org

July 2022 | Volume 13 | Article 962869


https://doi.org/10.1186/s13293-020-00304-9
https://doi.org/10.1016/j.mayocp.2020.07.024
https://doi.org/10.1016/j.mayocp.2020.07.024
https://doi.org/10.3390/ijms22052715
https://doi.org/10.1186/s40779-016-0104-3
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.4415/ANN_16_02_11
https://doi.org/10.1016/j.ijcard.2019.11.136
https://doi.org/10.1080/14779072.2020.1732209
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Editorial: Sex Differences in Inflammatory Diseases
	Author Contributions
	References


