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Pro-fibrotic M2 macrophage markers may increase the
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risk for COVID19 in type 2 diabetes with obesity
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higher inOT2Dversus control: TGFβ-1 (1122.9±72vs 932.8±27.1 RFU,p
< 0.01); PDGF-β (40,610.0 ± 5853.6 vs 25,129.0± 3271.6 RFU, p< 0.05);
To the Editor:

Diabetes and obesity are associated with severe COVID-19-associ-
ated disease including acute respiratory distress syndrome (ARDS) [1].
Alveolar macrophage-derived cytokines contribute to the inflammation
underlying ARDS, resulting in pulmonary fibrosis and edema, central
facets of acute lung injury. Post-mortem histopathological features in
the lung tissue of patients who died of severe COVID-19 disease demon-
strate an extensive inflammatory infiltrate dominated by macrophages
in the alveolar lumina [2]. Thus, infected alveolar macrophages might
drive the “cytokine storm” and lead to multiple organ failure in
COVID-19 infected patients [3].Moreover, systemic cytokine profiles re-
semble cytokine release syndromes, such asmacrophage activation syn-
drome, in patients with severe COVID-19 disease [4].

Plasma lipopolysaccharide (LPS), elevated in obesity, is the key com-
ponent for activation of M1 and a subtype of M2 macrophages [5].
Chronic M2 macrophage activation leads to profibrotic mediator pro-
duction, transforming growth factor-β (TGF-β) and platelet-derived
growth factor (PDGF) for example, that enhance continuous fibroblast
activation andmyofibroblast proliferation [6]. Lung alveolar M2macro-
phages also produce matrix metalloproteinases, MMP7 andMMP9, and
their overexpression promotes fibrogenesis.

Here, we hypothesize that alveolarM2macrophages are activated in
response to elevated plasma LPS in obese subjects with T2D (OT2D),
resulting in production of excessive amounts of pro-fibrotic inflamma-
tory mediators. This may render OT2D patients more vulnerable to
COVID19-related infection with severe disease outcome. To test our hy-
pothesis, we measured circulatory lung alveolar M2 macrophage
markers in obese subjects with type 2 diabetes (OT2D) and controls.

A parallel study was performed in the Diabetes Research Centre at
Hull Royal Infirmary in adults with type 2 diabetes (n= 23) and nondi-
abetic controls (n = 23). The male to female ratio of the subjects was
similar between cohorts (12 males and 11 females in both control and
OT2D cohorts). The OT2D subjects were older (62 ± 7 vs 55 ± 10
years, OT2D vs control, p < 0.0001) with a higher BMI (32 ± 4 vs 28
± 3 kg/m2, OT2D vs control, p < 0.0001). All participants were
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Caucasian and in the fasting state for 10-h before venipuncture. Slow
Off-rate Modified Aptamer (SOMA)-scan plasma protein measurement
[7] was used to determine LPS-binding protein (LBP), TGFβ-1, PDGF-β,
MMP7 and MMP9 protein concentration, expressed as relative fluores-
cent units (RFU). Statistical analysis was performed using the Student's
t-test (GraphPad Prism 8.0, San Diego, CA).

LPS-binding (LBP)proteinwas reduced inplasma(85,311.3±1453.1vs
91,746.9±3047.9 RFU, OT2D vs control, p<0.05). Plasma LBPwas also re-
duced in obese versus non-obese subjects regardless of diabetic status
(84,343.5 ± 1455.7 vs 91,398.5 ± 2798.8 RFU, obese vs non-obese, p <
0.05). Basal levels of TGFβ-1, PDGF-β, MMP7 andMMP9were significantly

MMP7 (1241.5 ± 93.4 vs 1004.6 ± 42.0 RFU, p < 0.05) and MMP9
(30,192.7 ± 3745.9 vs 19,532.3 ± 1562.4 RFU, p< 0.05).

We report here that LPS-related markers were associated with acti-
vated lung alveolar M2 macrophages in OT2D, with a reduction in
plasma LBP as a surrogate marker of circulatory LPS elevation. Previ-
ously increased LBP levels were reported in obesity [8,9], a discrepancy
compared to our observations that might be due to inclusion of obese
subjectswhomwere smokers and alcoholic in those studies. LBPwas in-
creased in the bronchoalveolar lavage fluid (BALF) of smokers [10].
Serum levels of LBP are also increased in heavy drinkers, probably
reflecting high LPS exposure due to alcohol-induced damage of the gas-
trointestinal barrier [11,12]. By contrast, in our study none of the OT2D
subjects were smokers or consumed alcohol, as those were exclusion
criteria. Moreover, LBP, the serum glycoprotein, plays a concentration-
dependent dual role in determining LPS-induced macrophage activa-
tion; low concentrations of LBP enhance the LPS-induced activation of
mononuclear cells (MNC), whereas the acute-phase rise in LBP concen-
tration inhibits LPS-induced cellular stimulation [13]. Furthermore, LBP
is bound and internalized by host cells and colocalizes with LPS in the
cytoplasm [14]. Therefore, the significantly lower LBP levels reflect the
elevated LPS levels in OT2D subjects in our study.

The elevated TGF-β1 shown here may predispose to alveolar pre-fi-
brosis with their collapse following SARS-CoV-2 infection. TGF-β is de-
tected in lung bronchoalveolar lavage fluid of 90% of patients with
ARDS, major cellular sources of TGF-β in pulmonary fibrosis being alve-
olar macrophages and metaplastic type II alveolar epithelial cells. Acti-
vation of TGF-β1 is affected by MMP9 that was elevated here in OT2D,
contributing to enhancement of the pool of active TGF-β1. MMP9 also
weakens the airway epithelial barrier function by altering
transepithelial electrical conductance and epithelial permeability to
macromolecules [15]. MMP7, also elevated here, is increased in ARDS
and associated with idiopathic pulmonary fibrosis (IPF), whilst PDGF-
β, again elevated here, contributes to fibrosis development with TGF-β
in ARDS. Elevated plasma levels of TGF-β1, PDGF-β, MMP7 and MMP9
determined early in the course of COVID19 infection in a patient with
OT2D may indicate potential risk for more severe disease.

The strengths of this study include the inclusion of a group of OT2D
subjects who were relatively treatment naïve and not on poly-phar-
macy, and an age-matched healthy control group together with state-
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of-the-art measurement of plasma proteins by SOMA-scan. Limitations
include the relatively small study subject numbers and that all partici-
pants were Caucasian, so the results may not be generalizable to other
ethnic groups. Moreover, it is also possible that, apart from alveolar
macrophages, other cellular sources, for example lung epithelial cells
[16], arterial smooth muscle cells [17], epithelial cells of glandular tis-
sues like prostate [18] or bile duct epithelia [19], might contribute to
LPS-induced elevated plasma levels of those pro-fibrotic markers.

In conclusion, in OT2D the lung epithelial barrier integrity is likely
destabilized in response to fibroproliferative activity of elevated TGF-
β1, PDGF-β, MMP7 or MMP9 derived from lung alveolar macrophages,
increasing vulnerability to inhaled pathogens. This might lead to irre-
versible structural alterations and tissue stiffening in the lungs of
OT2D patients even prior to SARS-COV-2 infection and thereby make
these patients more vulnerable to COVID19-related infection with se-
vere disease.

Ethics approval and consent to participate

The Yorkshire and Humber Research Ethics Committee approved
this study. All patients gave written informed consent.

Consent for publication

All authors gave their consent for publication.

Availability of data and materials

All the data for this studywill bemade available upon reasonable re-
quest to the corresponding author.

Funding

No funding was received to perform this study.

CRediT authorship contribution statement

Abu Saleh Md Moin: Formal analysis, Writing - original draft, Vali-
dation. Thozhukat Sathyapalan: Supervision, Writing - review &
editing, Validation. Stephen L. Atkin: Methodology, Data curation,
Writing - original draft, Validation. Alexandra E. Butler: Formal analy-
sis, Writing - original draft, Validation.

Declaration of competing interest

No authors have any conflict of interest or competing interests to
declare.

References

[1] Townsend MJ, Kyle TK, Stanford FC. Commentary: COVID-19 and obesity: exploring
biologic vulnerabilities, structural disparities, and weight stigma. Metabolism. 2020;
110:154316.

[2] Luca C, Aurelio S, Ahmed N, Roberta SR, Alessandro P, Pietro Z, et al. Pulmonary post-
mortem findings in a series of COVID-19 cases from northern Italy: a two-centre de-
scriptive study. Lancet Infect Dis. 2020. https://doi.org/10.1016/S1473-3099(20)
30449-7.

[3] Wang C, Xie J, Zhao L, Fei X, Zhang H, Tan Y, et al. Alveolar macrophage dysfunction
and cytokine storm in the pathogenesis of two severe COVID-19 patients.
EBioMedicine. 2020;57:102833.

[4] Merad M, Martin JC. Pathological inflammation in patients with COVID-19: a key
role for monocytes and macrophages. Nat Rev Immunol. 2020;20(6):355–62.
2

[5] Mantovani A, Sica A, Sozzani S, Allavena P, Vecchi A, Locati M. The chemokine sys-
tem in diverse forms of macrophage activation and polarization. Trends Immunol.
2004;25(12):677–86.

[6] Prasse A, Pechkovsky DV, Toews GB, JungraithmayrW, Kollert F, Goldmann T, et al. A
vicious circle of alveolar macrophages and fibroblasts perpetuates pulmonary fibro-
sis via CCL18. Am J Respir Crit Care Med. 2006;173(7):781–92.

[7] Kahal H, Halama A, Aburima A, Bhagwat AM, Butler AE, Grauman J, et al. Effect of in-
duced hypoglycemia on inflammation and oxidative stress in type 2 diabetes and
control subjects. Sci Rep. 2020;10(1):4750.

[8] Sun L, Yu Z, Ye X, Zou S, Li H, Yu D, et al. A marker of endotoxemia is associated with
obesity and related metabolic disorders in apparently healthy Chinese. Diabetes
Care. 2010;33(9):1925–32.

[9] Gonzalez-Quintela A, Alonso M, Campos J, Vizcaino L, Loidi L, Gude F. Determinants
of serum concentrations of lipopolysaccharide-binding protein (LBP) in the adult
population: the role of obesity. PLoS One. 2013;8(1):e54600.

[10] Regueiro V, Campos MA, Morey P, Sauleda J, Agustí AG, Garmendia J, et al. Lipopoly-
saccharide-binding protein and CD14 are increased in the bronchoalveolar lavage
fluid of smokers. Eur Respir J. 2009;33(2):273–81.

[11] Schäfer C, Parlesak A, Schütt C, Bode JC, Bode C. Concentrations of lipopolysaccha-
ride-binding protein, bactericidal/permeability-increasing protein, soluble CD14
and plasma lipids in relation to endotoxaemia in patients with alcoholic liver dis-
ease. Alcohol Alcohol. 2002;37(1):81–6.

[12] Parlesak A, Schäfer C, Schütz T, Bode JC, Bode C. Increased intestinal permeability to
macromolecules and endotoxemia in patients with chronic alcohol abuse in differ-
ent stages of alcohol-induced liver disease. J Hepatol. 2000;32(5):742–7.

[13] Gutsmann T, Müller M, Carroll SF, MacKenzie RC, Wiese A, Seydel U. Dual role of li-
popolysaccharide (LPS)-binding protein in neutralization of LPS and enhancement
of LPS-induced activation of mononuclear cells. Infect Immun. 2001;69(11):
6942–50.

[14] Kopp F, Kupsch S, Schromm AB. Lipopolysaccharide-binding protein is bound and
internalized by host cells and colocalizes with LPS in the cytoplasm: implications
for a role of LBP in intracellular LPS-signaling. Biochim Biophys Acta. 2016;1863
(4):660–72.

[15] Vermeer PD, Denker J, Estin M, Moninger TO, Keshavjee S, Karp P, et al. MMP9 mod-
ulates tight junction integrity and cell viability in human airway epithelia. Am J
Physiol Lung Cell Mol Physiol. 2009;296(5):L751–62.

[16] López-Boado YS, Wilson CL, ParksWC. Regulation of matrilysin expression in airway
epithelial cells by Pseudomonas aeruginosa flagellin. J Biol Chem. 2001;276(44):
41417–23.

[17] Li H, Xu H, Sun B. Lipopolysaccharide regulatesMMP-9 expression through TLR4/NF-
κB signaling in human arterial smooth muscle cells. Mol Med Rep. 2012;6(4):774–8.

[18] He Y, Ou Z, Chen X, Zu X, Liu L, Li Y, et al. LPS/TLR4 signaling enhances TGF-β re-
sponse through downregulating BAMBI during prostatic hyperplasia. Sci Rep.
2016;6:27051.

[19] Kassel KM, Sullivan BP, Luyendyk JP. Lipopolysaccharide enhances transforming
growth factor β1-induced platelet-derived growth factor-B expression in bile duct
epithelial cells. J Gastroenterol Hepatol. 2012;27(4):714–21.

Abu Saleh Md Moin
Diabetes Research Center (DRC), Qatar Biomedical Research Institute

(QBRI), Hamad Bin Khalifa University (HBKU), Qatar Foundation (QF), PO
Box 34110, Doha, Qatar

E-mail address: amoin@hbku.edu.qa

Thozhukat Sathyapalan
Academic Endocrinology, Diabetes and Metabolism, Hull York Medical

School, Hull, UK
E-mail address: Thozhukat.Sathyapalan@hyms.ac.uk

Stephen L. Atkin
Royal College of Surgeons in Ireland Bahrain, Adliya, Bahrain

E-mail address: satkin@rcsi.com

Alexandra E. Butler
Diabetes Research Center (DRC), Qatar Biomedical Research Institute

(QBRI), Hamad Bin Khalifa University (HBKU), Qatar Foundation (QF), PO
Box 34110, Doha, Qatar
Corresponding author.

E-mail address: abutler@hbku.edu.qa

11 August 2020

http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0005
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0005
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0005
https://doi.org/10.1016/S1473-3099(20)30449-7
https://doi.org/10.1016/S1473-3099(20)30449-7
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0015
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0015
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0015
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0020
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0020
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0025
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0025
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0025
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0030
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0030
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0030
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0035
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0035
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0035
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0040
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0040
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0040
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0045
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0045
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0045
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0050
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0050
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0050
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0055
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0055
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0055
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0055
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0060
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0060
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0060
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0065
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0065
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0065
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0065
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0070
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0070
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0070
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0070
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0075
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0075
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0075
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0080
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0080
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0080
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0085
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0085
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0090
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0090
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0090
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0095
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0095
http://refhub.elsevier.com/S0026-0495(20)30238-9/rf0095
mailto:amoin@hbku.edu.qa
mailto:Thozhukat.Sathyapalan@hyms.ac.uk
mailto:satkin@rcsi.com
mailto:abutler@hbku.edu.qa

