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INTRODUCTION 

 

Systemic sclerosis – General Aspects 

 

Systemic sclerosis (SSc) is a rare autoimmune connective tissue disease, 

characterized by microvascular damage, altered activation of innate and 

adaptive immune response and progressive fibrosis of skin and internal 

organs [1,2]. 

The most common clinical and initial manifestation of microcirculatory 

involvement is Raynaud’s phenomenon (RP), present in almost all SSc 

patients. RP is a paroxysmal vasoconstriction of precapillary arterioles and 

arteriovenous shunts of hands and feet that causes whitening of the skin 

(ischemic phase), followed by a bluish (cyanotic phase) and reddish color 

(erythematosus phase) [3]. These repeated episodes of ischemia-

reperfusion together with other environmental factors (i.e., viral infections, 

exposure to intensive cold and/or toxicants) in genetically predisposed 

subjects generate large amount of reactive oxygen species, that damage 

endothelial cells and tight junctions.  

Therefore, imbalance between increased vasoconstrictor (i.e., involvement 

of endothelin 1) and decreased vasodilator (i.e., involvement of 

prostacyclin) peptides reduces the tone of vascular walls with progressive 

widening [3].  

Damaged endothelial cells overexpress adhesion molecules (i.e., ICAM, 

VCAM) that promote platelets aggregation and innate immune cells 
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infiltrates, which further increase the permeability and damage of 

capillaries [4].  

Sub-endothelium displays self-antigens that are recognized by antigen-

presenting cells, causing the activation of adaptive immunity (T and B 

lymphocytes).  

The concomitant cellular and humoral autoimmune response stimulate the 

transition of damaged endothelial cells to myofibroblasts (endothelial-to-

mesenchymal transition – EndMT), resulting in massive deposition of 

macromolecules of the extracellular matrix (ECM), in particular type I 

collagen and fibronectin [5]. Myofibroblasts and altered ECM accumulates 

in the adventitia and periadventitial of capillaries, promoting a progressive 

and irreversible fibrosis in the affected skin and internal organs [6]. 

The evolution of microvascular damage is easily detectable by nailfold 

videocapillaroscopy (NVC), a safe technique that allows the diameter of 

skin capillaries to be magnified up to 200 times and to be digitally recorded 

and analyzed [7].  

In course of SSc, the diameter of capillaries (normally less than 20 μm) 

progressively dilates until more than 50 μm (giant capillaries). When 

capillaries break, they release red blood cells metabolized and originate 

hemosiderin deposits. Then, neoangiogenesis processes are activated to 

replace the loss of capillaries. In the advanced stages of SSc, 

neoangiogenic phenomena are insufficient and avascular areas are easily 

observed with NVC [8]. 
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B lymphocytes produce several autoantibodies in course of SSc that 

participate in the amplification and perpetuation of the damage [9]. Three 

major SSc specific autoantibodies are frequently recognized: anti-

centromere (ACA), anti-topoisomerase I (anti-Scl-70 - ATA) and anti-RNA 

polymerase III (RNAP III) [9]. Many additional autoantibodies associated 

with SSc have also been identified (i.e., anti-fibrillarin, anti-NOR-90, anti-

Th/To, anti-RuvBL1/2), although their significance has yet to be clarified 

[9]. Functional antibodies (i.e. anti-endothelin 1 receptors) have been also 

found and implicated in the pathophysiology of SSc [10].  

The typology of organ involvement is multiple: microvascular (RP, 

telangiectasias, digital ulcers), cutaneous (skin thickening, puffy hands, 

sclerodactyly), pulmonary (interstitial lung disease – ILD, pulmonary 

arterial hypertension – PAH), cardiac (arrhythmias, conduction 

abnormalities, myocardial disease, pericarditis), renal (isolated proteinuria, 

isolated decrease in glomerular filtration rate, high intrarenal arterial 

stiffness, scleroderma renal crisis), gastrointestinal (gastroesophageal 

reflux disease, lower esophageal sphincter dysfunction, esophageal 

dysmotility, gastroparesis, gastric antral vascular ectasia, small intestine 

dysmotility, malabsorption, small intestinal bacterial overgrowth, 

constipation, intestinal pseudo-obstruction, fecal incontinence) and 

musculo-skeletal (arthralgias, synovitis, tendon friction rub, myopathy) [2, 

11-17]. The frequency of organ involvement is shown in Figure 1. 
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Figure 1.  Type and frequency of organ involvement in course of systemic sclerosis 

(original picture created with www.biorender.com). 

 

There are currently no diagnostic criteria for SSc. American College of 

Rheumatology (ACR) – European Alliance of Associations for 

Rheumatology (EULAR) 2013 classification criteria are therefore 

commonly used, with a sensitivity of 91% and a specificity of 92% in 

classifying a subject as suffering from SSc [18].  

These criteria include various disease items and subitems, to which each 

is assigned a score ranging from 2 to 4. The criteria include skin 

(thickening of the fingers/fingertip lesions), vascular (presence of RP, 

abnormal NVC with a SSc-pattern, telangiectasias), pulmonary (PAH 

and/or ILD) and immunological (scleroderma related antibodies, i.e. ACA, 

anti-Scl-70, anti-RNAP III) domains. Subjects having a total score of nine 

or more are classified as having definite SSc [18]. 
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Systemic sclerosis interstitial lung disease  

 

SSc-ILD is defined as pulmonary fibrosis on high resolution computed 

tomography (HRCT), most pronounced in the basilar portions of the lungs 

[18,19]. Interstitial abnormalities are reported by HRTC in up to 80% of 

SSc-patients and half of these cases develop clinically significant SSc-ILD 

[11]. 

The pathophysiology of SSc-ILD is multifactorial and involves not only 

vascular damage with EndMT, but also alveolar damage which activates a 

local pro-inflammatory innate immune response, with release of interferon 

gamma (IFN-γ) and interleukin (IL)-6 by dendritic cells and classically 

activated macrophages M1 [11].  

These cytokines further activate T cell response, in particular T helper 2 

(TH2) lymphocytes. TH2 cells produce IL-4, IL-10, IL-13, CCL-18 that 

stimulate alternatively activation of M2 profibrotic macrophages with 

production of transforming growth factor β (TGF-β) [11]. 

TGF-β is one of the main drivers of the transition of type II alveolar 

epithelial cells from an epithelial to a mesenchymal phenotype (epithelial-

to-mesenchymal transition – EMT), with a progressive overproduction of 

ECM components [20].  

In synthesis, vascular, alveolar, and immune cell activation contribute to 

the fibrosis of SSc lung [21]. 

The clinical manifestations of SSc-ILD are non-specific and patients 

complain about intolerance to physical exertion, non-productive cough, 
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atypical chest pain, dyspnea [22]. SSc-ILD patients show often anti-Scl-70 

positivity [22]. 

When SSc-ILD is suspected, pulmonary function tests (PFTs) are a non-

invasive method to identify lung involvement [23]. The most characteristic 

findings are a restrictive ventilatory defect with reduction in lung volumes 

(forced vital capacity – FVC, and total lung capacity – TLC) and a 

reduction in the diffusion capacity of carbon monoxide (DLCO) [23].  

When these alterations occur, the HRCT of the chest is the gold standard 

for confirm of diagnosis of SSc-ILD and allows the identification of different 

radiographic patterns [24]. The most common pattern is non-specific 

interstitial pneumonia (NSIP), characterized by the presence of ground 

glass images and with the anatomopathological counterpart of 

inflammatory or fibrotic lesions in the same evolutive phase, with diffuse or 

patchy distribution [24].  

Less frequent patterns are the usual interstitial pneumonia (UIP) with 

lesions in different stages up to the honeycomb, organizing pneumonia 

(OP), lymphoid interstitial pneumonia (LIP) and diffuse alveolar damage 

(DAD) [25]. 

Namely, ILD is currently the main cause of death of SSc patients, 

assuming in some cases a “progressive pulmonary fibrosis” (PPF) 

phenotype [26-27].  

According to the definition proposed by the American Thoracic Society in 

2022, PPF is defined “as at least two of the following three criteria 

occurring within the past year with no alternative explanation: worsening 
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respiratory symptoms, physiological evidence of disease progression or 

radiological evidence of disease progression” [27]. 

Several biomarkers of SSc-ILD have been proposed, such as alveolar 

epithelial proteins (surfactant proteins A and D, Krebs von den Lungen-6 

antigen – KL-6), chemokines and cytokines (CCL2, CCL18, CXCL10), 

metalloproteinases, acute phase cytokines (i.e., IL-6) up to NVC 

abnormalities, but their application in daily practice is still limited [28,29]. 

The treatment of SSc-ILD includes the combined use of 

immunosuppressive (mycophenolate mofetile, cyclophosphamide, 

rituximab, tocilizumab) and antifibrotic (tyrosine kinase inhibitor – 

nintedanib) drugs [30]. 

 

Systemic sclerosis and monocytes/macrophages 

 

Monocytes are a subpopulation of leukocytes of myeloid origin [31]. 

Circulating monocytes can be classified in three different subsets by 

immunofluorescent flow cytometry, basing on surface expression of CD14 

(lipopolysaccharide – LPS – receptor) and CD16 (Fc gamma receptor III): 

• Classical: high expression of CD14 and low expression of CD16 

(85% of circulating monocytes in healthy subjects) 

• Intermediate: expression of both CD14 and CD16 (5% of circulating 

monocytes in healthy subjects) 

• Non-classical: low expression of CD14 and high expression of 

CD16 (10% of circulating monocytes in healthy subjects) [32]. 
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Monocytes usually extravasate and migrate into damaged tissues where 

they differentiate into macrophages.  

As matter of fact, macrophages are plastic cells that can present a pro-

inflammatory (M1) or a pro-fibrotic (M2) phenotype, mainly according to 

the different cytokine environment [33]. 

M1 express CD80 and CD86 (co-stimulatory molecules of T lymphocytes) 

and Toll-like receptor (TLR)-2 and TLR4 on their surface. Their activation 

stimulates the production of reactive oxygen species and nitric oxide, with 

pro-inflammatory effects [33]. 

M2 express CD204 and frequently CD163 (scavenger receptors) as well 

as CD206 (type I mannose receptor) on the surface and they release IL-4, 

IL-10 and TGFβ with an overall anti-inflammatory and profibrotic effect 

[33]. 

Depending on the activation stimulus received, M2 macrophages can be 

further divided into: 

• M2a: activated by IL-4 and IL-13 (released by TH2 lymphocytes), 

they produce TGF-β 

• M2b: activated by circulating immune complexes and LPS, they 

produce IL-10 

• M2c: activated by glucocorticoids, they produce IL-10 and 

metalloproteinases (i.e., matrix metalloproteinase-9) 

• M2d: activated by adenosine A2A receptor, they produce vascular 

endothelial growth factor [34]. 
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In course of SSc, circulating monocytes show a profibrotic phenotype, 

expressing M2 markers (CD163 and CD204) and producing larger 

amounts of IL-10 and CCL-18 than healthy controls (HCs) [35,36]. CD14+ 

circulating monocytes of SSc patients secrete significantly more fibronectin 

and type I collagen than HCs [37].  

Of note, circulating monocytes can express both M1 and M2 markers: in 

fact, a recent study from our Laboratory demonstrated that 

CD14+TLR4+CD163+CD204+CD206+ monocytes are significantly more 

expressed in peripheral blood of SSc patients than HCs and over 40% of 

these cells also co-expressed CD80 and CD86 (M1 markers) [38]. 

Circulating CD14+CD80+CD86+TLR4+CD163+CD204+CD206+ cells 

have been significantly associated with clinically overt SSc-ILD [39]. 

Macrophages are key regulators of fibrotic processes and are involved in 

the pathogenesis of SSc-ILD [40]. A droplet-based single-cell RNA-

sequencing analysis of SSc-ILD samples revealed a predominant 

proliferating FABP4, INHBA and SERPING1 (FABP4hi) macrophage 

population, with a significant higher proportion of proliferating 

macrophages expressing SPP1, CCL2 and MERTK (SPP1hi), when 

compared to HCs [41].  

Of note, SPP1hi and FABP4hi macrophages show an upregulation in type I 

interferon signaling and production (which enhances the release of further 

cytokines from macrophages in an autocrine loop) and FABP4hi 

macrophages show an upregulation in IL-6 signaling [42]. 
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Moreover, an epigenetic regulation of SPP1 macrophage differentiation 

have been identified using a single-cell regulatory network inference and 

clustering. Several transcription factors are involved in the regulation of 

chromatin structure of SPP1 macrophages, i.e., microphthalmia-

associated transcription factor, sterol regulatory element binding 

transcription factor 1, Kruppel-like factor 6 [43]. 

M2 (CD163+, CD206+) subset of macrophages is the most represented in 

SSc-ILD and release large amount of TGFβ, that promote EMT and the 

differentiation of fibroblasts into myofibroblasts [44-46].  

In addition to TGFβ, pulmonary M2 cells in SSc release IL-6, CCL-18 and 

osteopontin, that stimulates type I collagen production [47]. The increased 

production of ECM proteins supports the progressive lung fibrotic process 

[48,49].  
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AIM OF THE STUDY 

 

The Study was divided into two aims. 

The first aim was to characterize the distribution of macrophage 

phenotypes in lung biopsies of SSc-ILD patients by 

immunohistochemistry, comparing it with normal lung controls (NLC). 

In particular, the different macrophage phenotypes were investigated, to 

characterize the M1, M2 and/or hybrid M1/M2 populations, in SSc-ILD 

lung samples. 

The second aim was to compare prevalent surface markers observed in 

SSc-ILD lung tissue macrophages with those of peripheral monocytes of a 

second cohort of SSc patients by flow cytometry, correlating them with 

radiographic ILD and anti-Scl-70 positivity.  
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MATERIALS AND METHODS 

 

Sampling from SSc patients and controls 

SSc-ILD lung samples were obtained from SSc patients that underwent 

lung transplantation for severe ILD between 2005 and 2010 at the 

University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania (US). 

Normal lung controls (NLC) were obtained from non SSc-patients that 

underwent lung biopsy for diagnostic purposes in 2022 at the IRCCS 

Ospedale Policlinico San Martino, Genova, Italy. Healthy areas of NLC 

were identified by the same expert Pathologist. 

Peripheral monocytes for flow cytometry analysis were obtained from SSc 

patients in 2019 at the Division of Clinical Rheumatology, IRCCS 

Ospedale Policlinico San Martino, Genova, Italy. 

All SSc patients met 2013 ACR/EULAR classification criteria for SSc and 

SSc-ILD was defined as “pulmonary fibrosis on HRCT, most pronounced 

in the basilar portions of the lungs” [18]. 

Clinical parameters regarding SSc-lung involvement (ILD at HRCT and 

PFTs, including values of FVC and DLCO) and concomitant therapy were 

collected for each SSc patient. 

 

Histopathological assessment 

Lung tissues were fixed in 10% formalin and embedded in paraffin. They 

were cryostat-sectioned to obtain ten serial sections (4 μm thick). 
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One section was stained with Masson’s trichrome staining to identify 

collagen deposition (blue color) and cells infiltrate (violet color). 

Other sections were incubated for single immunostaining with following 

primary antibodies: 

• Mouse anti-human CD68 (pan specific macrophage marker, Clone 

KP1, Biocare, Pacheco, California, USA) – dilution 1:50  

• Mouse anti-human CD80, CD86, TLR4 (M1 markers - Santa Cruz 

Biotechnology, Dallas, Texas, USA) – dilution 1:50 

• Rabbit anti-human CD163 and CD206 (M2 markers - Cell Signaling 

Technology, Danvers, Massachusetts, USA) – dilution 1:50 

• Mouse anti-human CD204 (M2 marker) (cod. sc-166184, Santa 

Cruz Biotechnology, Dallas, Texas, USA) – dilution 1:50. 

Primary antibodies were detected with ready-to-use conjugated secondary 

antibodies (Biocare). 

Histology sections were digitalized using Leica AT2 scanner (Nussloch, 

Germany). Scans were performed using the fully automated mode (20x 

and 40x magnification). 

Fibrosis of lung samples was visually graded according to Ashcroft criteria: 

• 0 = normal lung 

• 1 = minimal fibrous thickening of alveolar or bronchiolar walls 

• 2 = intermediate grade between 1 and 3 

• 3 = moderate thickening of walls without obvious damage to lung 

architecture 

• 4 = intermediate grade between 3 and 5 
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• 5 = increased fibrosis with definite damage to lung structure and 

formation of fibrous bands or small fibrous masses 

• 6 = intermediate grade between 5 and 7 

• 7 = severe distortion of structure and large fibrous areas, including 

“honeycombing lung” 

• 8 = total fibrous obliteration of the field [50]. 

An automated quantification of lung fibrosis was performed with open-

source version of Orbit Image Analysis software (Actelion Pharmaceuticals 

Ltd, Allschwil, Switzerland). The software provided a semiquantitative 

analysis, ranging from 0 (absence of fibrosis) to 1 (complete fibrosis) [51]. 

Cells positive for CD68, CD204, CD206, CD163, TLR4, CD80, CD86 in 

the alveoli of SSc-ILD lungs were quantified by the Image Scope 12.3 

Software (Leica Biosystems, Milan, Italy) [52]. Based on the User’s guide 

of Image Scope analysis software, a visual representation of the dark-

brown colored cells allowed to create a markup image and the appropriate 

algorithm to analyze the slides and to have a quantitative result of the 

percentage of positive cells. The alveoli containing CD68+ infiltrates were 

considered and analyzed for the expression of other surface markers [52]. 

 

Flow cytometry and gating strategy 

A volume of 3 mL of peripheral blood was collected in a lithium-heparin 

single tube for each SSc patient. 

To define the monocyte/macrophage lineage, the surface markers CD14, 

CD16 and CD45 were investigated using conjugated primary antibodies 
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anti-human CD14-FITC (Miltenyi Biotec, Bergisch Gladbach, Germany), 

CD16-APC AlexaFluor 700 (Beckman Coulter, Brea, California, USA), and 

CD45-Krome Orande (Beckman Coulter). 

To characterize the M1 phenotype of circulating monocytes, the surface 

markers CD80 and TLR4 were investigated using conjugated primary 

antibodies anti-human CD80-PEVio700 (Miltenyi Biotec), and TLR4-

BV421 (Biolegend, San Diego, California, USA). 

To characterize the M2 phenotype of circulating monocytes, CD163, 

CD204 and CD206 were investigated using conjugated primary antibodies 

anti-human CD206-PerCPVio700, CD204-PE and CD163-PEVio615 

(Miltenyi Biotec). 

To exclude the presence of dendritic cells, the surface marker CD1c was 

investigated using the conjugated primary antibody anti-human CD1c-APC 

Cy7 (Biolegend, San Diego, California, USA). 

Finally, the expression of 6-sulfo LacNAc (Slan) in circulating monocytes 

was also investigated using the primary antibody anti-human Slan-APC 

(Miltenyi Biotec). 

The Flow Cytometry analysis was performed using Navios Flow Cytometer 

and the Kaluza analysis software (Beckman Culter), evaluating a total of 

5x106 cells and detecting more than 30 events in the smallest subset 

investigated, according to consensus guidelines [53]. 

The gating strategy used in this study started from the detection of the 

monocyte population characterized as CD45+CD14+CD16+cells in the 

leukocyte population of SSc patients and HCs (Figure 2). 
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Figure 2. Gating strategy for the detection of circulating M2 and TLR4+M2 

monocytes in systemic sclerosis patients (SSc pts) and healthy controls (HCs). 

(A) Representative flow cytometry scatter plot of leukocytes (CD45+cells). (B) 

Representative flow cytometry scatter dot plot of circulating monocytes 

(CD45+CD14+CD16+cells) in the leucocyte population. Representative flow 

cytometry scatter dot plot with quadrant regions of (C) circulating 

CD163+CD206+ cells in the monocyte population; (D) CD163+CD204+CD206+ 

monocytes in CD206+CD163+cells; (E) TLR4-CD80-CD163+CD204+CD206+ 

monocytes (M2 monocytes), TLR4+CD80-CD163+CD204+CD206+ monocytes 

(TLR4+M2 monocytes), TLR4+CD80+CD163+CD204+CD206+ monocytes 

(M1/M2 monocytes) in the CD163+CD204+CD206+ monocytes; (F) Slan-CD1c-

M2 monocytes in  TLR4-CD80-CD163+CD204+CD206+ monocytes (M2 

monocytes) and (G) Slan-CD1c-TLR4+M2 monocytes in TLR4+CD80- 

CD163+CD204+CD206+ monocytes (TLR4+M2 monocytes) of NLC and SSc pts.  

 

In the monocyte population, circulating monocytes expressing M2 

phenotype markers and characterized as 
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CD45+CD14+CD16+CD204+CD206+CD163+TLR4-CD80-cells (M2 

monocytes), circulating M2 monocytes expressing TLR4 

(CD45+CD14+CD16+CD204+CD206+CD163+TLR4+CD80-cells; called 

TLR4+M2 monocytes), and monocytes expressing both M1 and M2 

markers (CD45+CD14+CD16+CD204+CD206+CD163+TLR4+CD80+cells; 

called mixed M1/M2 monocytes) were also investigated.  

 

Statistical analysis 

Statistical analysis was carried out using GraphPad Prism and Datatab® 

Statistics Calculator. Continuous variables were reported as mean value 

and standard deviation (SD) or median, when appropriate, categorical 

variables as count and percentage. For comparing two group values, T-

student and Levene test of variance equality have been performed while 

for groups that did not follow Gaussian distribution, the two-tailed Mann-

Whitney U test was used. Spearman’s rank correlation was used to 

calculate the relationship between ordinal variables, whereas Pearson’s 

correlation analysis was used for metrically scaled variables. Any p values 

equal or lower than 0.05 were considered statistically significant. 

 

Ethics statement 

This Project was conducted in accordance with all applicable laws and 

regulations, including, but not limited to, the International Harmonization 

Guideline (ICH) for Good Clinical Practice (GCP), European Union 

guidelines and ethical principles that originate in the Declaration of 
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Helsinki. Lung samples analyses were carried out in accordance with 

recommendations of Medical University of South Carolina (Charleston, 

USA), University of Pittsburgh (Pennsylvania, USA) Institutional Review 

Boards and IRCCS Ospedale Policlinico San Martino (Genova, Italy) with 

written informed consent from all the patients. 

Flow cytometry study was approved by the Ethics Committee of IRCCS 

Ospedale Policlinico San Martino, Genova, Italy (273-reg-2015) and all 

patients signed the informed consent. 
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RESULTS 

 

SSc-ILD and normal lung samples 

SSc-ILD lung samples (SSc-71, SSc-72, SSc-73, SSc-74, SSc-77, SSc-

83, SSc-88, SSc-90, SSc-91) were obtained from nine SSc-ILD patients (6 

females, 3 males, mean age 50 ± 9 years) who underwent lung 

transplantation for SSc-ILD. 

Normal lung samples areas were obtained from five non-SSc patients (2 

females, 3 males, mean age 58 ± 23 years) who underwent lung biopsy for 

diagnostic purposes (two cases of pneumothorax and three cases of lung 

cancer). Demographic data of patients are resumed in Table I. 

 

 SSc-ILD patients (n=9) Non-SSc patients (n=5) 

Age (years, mean ± SD) 50 ± 9 58 ± 23 

Gender (Female/Male) 6/3 2/3 

Ethnicity (Caucasian/Afro-
American) 

7/2 5/0 

Smokers/Non-smokers 2/7 1/4 

Pneumothorax/Lung cancer 0/0 2/3 

FVC (reference percentage, 
mean ± SD) 

39.6 ± 12.3 - 

FEV1 (reference percentage, 
mean ± SD) 

45.5 ± 14.1 - 

TLC (reference percentage, 
mean ± SD) 

 37.6 ± 9.0 - 

DLCO (reference percentage, 
mean ± SD) 

17.4 ± 4.6 - 

Immunosuppressive drugs 
(mycophenolate mofetil / 
calcineurin inhibitors / 
basiliximab / alemtuzumab) 

4/4/2/2 (combination 
therapies) 

- 

Antifibrotic drugs (nintedanib 
/pirfenidone) 

0/0 - 
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Table I. Demographic data of SSc-ILD patients with respiratory parameters at time of 

lung transplantation and non-SSc patients. DLCO = Diffusion Lung Carbon Monoxide; 

FEV1 = Forced Expiratory Volume in the first second; FVC = Forced Vital Capacity; ILD = 

Interstitial Lung Disease; SD = Standard Deviation; SSc = Systemic sclerosis; TLC = 

Total Lung Capacity. 

 

 

Masson’s trichrome staining of lung samples 

Masson’s trichrome staining identified abundant collagen deposition (blue 

color) and cells infiltrate (violet color) in stroma and alveoli of every SSc-

lung samples. Most alveoli were collapsed and occluded by connective 

tissue and cellular infiltration.  

All SSc-ILD lung samples were estimated to have a visual fibrosis grading 

score higher than 5/8 and the mean of automatic semi-quantification of 

collagen tissue was 0.82 ± 0.12 (p < 0.001 vs NLC). 

Masson’s trichrome staining of all SSc-ILD samples is reported in Figure 3. 
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Figure 3.  Masson’s trichrome staining of SSc-ILD lung samples. Masson’s trichrome 

staining reveals with blue color the massive collagen deposition in fibrotic lung, while 

violet color identifies a cellular infiltrate in the stroma and in the alveoli (20x 

magnification). 

 

Masson’s trichrome staining identified poor collagen deposition (blue 

color) and a modest infiltrate (violet color) in both stroma and alveoli of 

lung samples of NLC. 
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All NLC lung samples were estimated to have a visual fibrosis grading 

score lower than 3/8 and the mean of automatic semi-quantification of 

collagen tissue was 0.27 ± 0.05 (p < 0.001 vs SSc-ILD). 

Masson’s trichrome staining of all NLC samples is reported in Figure 4. 

 

 

Figure 4.  Masson’s trichrome staining of normal control lung samples. Masson’s 

trichrome staining reveals with blue color a poor collagen deposition, while violet color 

identifies a little cellular infiltrate in the stroma and in the alveoli (20x magnification). 

 

 

Immunohistochemistry of lung samples 

Immunohistochemistry assay of lungs showed the following expression of 

surface markers: 
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• CD68 (pan specific macrophages marker): CD68+ cells were high 

represented in the stroma and in the alveoli of SSc-ILD patients, 

significantly more frequent than in NLC (p < 0.001). 

• CD80 (M1 marker): CD80+ cells were found in the stroma and in 

alveoli of SSc-ILD patients with overlap with the positivity for CD68+ 

cells. CD80+ cells were significantly more frequent than in NLC (p < 

0.05), even if absolute CD80+ cells were significantly less than 

CD68+ cells in SSc-ILD patients (p < 0.001). 

• CD86 (M1 marker): CD86+ cells were found virtually absent in the 

stroma of SSc-ILD patients. CD86+ cells were expressed in the 

alveolar wall layer facing the air, significantly more frequent than in 

NLC (p < 0.01). In SSc-ILD lungs CD86+ cells were in overlap with 

CD68+ cells, even if significantly less frequent (p < 0.001). 

• TLR4 (M1 marker): TLR4+ cells were very diffuse in both stroma 

and alveoli of SSc-ILD patients, significantly more frequent than in 

NLC (p < 0.0001). In SSc-ILD lungs TLR4+ cells were in overlap 

with CD68+ cells. 

• CD163 (M2 marker): CD163+ cells were very diffuse in both stroma 

and alveoli of SSc-ILD patients, significantly more frequent than in 

NLC (p < 0.0001). In SSc-ILD lungs CD163+ cells were in overlap 

with CD68+ cells. 

• CD204 (M2 marker): CD204+ cells were very diffuse in both stroma 

and alveoli of SSc-ILD patients, significantly more frequent than in 
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NLC (p < 0.0001). In SSc-ILD lungs CD204+ cells were in overlap 

with CD68+ cells. 

• CD206 (M2 marker): CD206+ cells are very diffuse in both stroma 

and alveoli of SSc-ILD patients, significantly more frequent than in 

NLC (p < 0.0001). In SSc-ILD lungs CD206+ cells were in overlap 

with CD68+ cells. 

 

Example of immunohistochemistry assays performed in SSc-ILD lungs are 

reported in Figures 5, 6 and 7 (40x magnification), while 

immunohistochemistry of a NLC is depicted in Figures 8, 9 and 10 (40x 

magnification). 

 

 

Figure 5. Immunohistochemistry of SSc-lung (SSc-83 sample), focusing on Masson’s 

trichrome staining and CD68 positivity. There is a high cell infiltration in the alveoli, 

expressing CD68 positivity. Red arrows indicate areas rich of cells (violet color for 

Masson’s trichrome and dark color for CD68) (40x magnification). 
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Figure 6. Immunohistochemistry of SSc-lung (SSc-83 sample), focusing on M1 markers 

(CD80, CD86, TLR4) positivity. There is a low expression of CD80 and/or CD86 positive 

cells, while TLR4 positive cells are frequently found. Red arrows indicate areas positive 

for each M1 marker (40x magnification). 

 

 

Figure 7. Immunohistochemistry of SSc-lung (SSc-83 sample), focusing on M2 markers 

(CD163, CD204, CD206) positivity. There is a high expression of CD163, CD204 and 

CD206 positive cells. Red arrows indicate areas positive for each M2 marker (40x 

magnification). 
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Figure 8. Immunohistochemistry of a normal lung control (NLC-A6 sample), focusing on 

Masson’s trichrome staining and CD68 positivity. There are poor collagen deposition and 

very low cell infiltration in the alveoli. CD68 positive cells are virtually absent (40x 

magnification). 

 

 

Figure 9. Immunohistochemistry of a normal lung control (NLC-A6 sample), focusing on 

M1 markers (CD80, CD86, TLR4). CD80, CD86 and TLR4 positive cells are virtually 

absent (40x magnification). 

 

 

Figure 10. Immunohistochemistry of a normal lung control (NLC-A6 sample), focusing on 

M2 markers (CD163, CD204, CD206). CD163, CD204 and CD206 positive cells are 

virtually absent (40x magnification). 
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The summary of the positivity for the surface markers examined in all SSc-

ILD lung samples is represented in Figure 11. In the same areas there 

were a significant overlap between CD68+, TLR4+, CD163+, CD204+ and 

CD206+ cells (TLR4+M2 macrophages), while CD80+ and CD86+ cells 

were significantly less represented. 

 

 

Figure 11. Percentage of positivity of surface markers analyzed out of the total cells 

observed in the SSc-ILD lung samples versus normal lung controls (NLC).  Three-

quarters of the cells belong to macrophage lineage (CD68) and TLR4 (M1 marker), 

CD163 (M2 marker), CD204 (M2 marker) and CD206 (M2 marker) were found in the 

same areas. CD80 (M1 marker) and CD86 (M1 marker) positive cells were significantly 

less expressed than M2 markers. 
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SSc patients and flow cytometry of monocytes 

39 consecutive SSc patients (35 females, 4 males, mean age 62 ± 16 

years) and 15 HCs (13 females, 2 males, 58 ± 10 years) were recruited for 

flow cytometry analysis of circulating monocytes. Demographic data of 

SSc patients are resumed in Table II. 

 

 SSc patients (n=39) 

Age (years, mean ± SD) 62 ± 16 

Gender (Female/Male) 35/4 

Ethnicity (Caucasian/Afro-American) 38/1 

Smokers/Non-smokers 2/37 

SSc-ILD (yes/no) 24/15 

Anti-topoisomerase I (anti-Scl-70) positivity (yes/no) 17/22 

FVC (reference percentage, mean ± SD) 89 ± 32 

DLCO/VA (reference percentage, mean ± SD) 75 ± 20 

Immunosuppressive drugs (mycophenolate 
mofetil/cyclophosphamide/rituximab) 

14/6/6 

Antifibrotic drugs (nintedanib/pirfenidone) 3/0 

 

Table II. Demographic data of SSc patients and respiratory parameters at time of blood 

sample. DLCO = Diffusion Lung Carbon Monoxide; FVC = Forced Vital Capacity; ILD = 

Interstitial Lung Disease; SD = Standard Deviation; SSc = Systemic Sclerosis; VA = 

Alveolar Volume. 

 

Preliminary results confirmed the significantly higher percentage of 

circulating monocytes showing M2 surface markers compared to HCs (p < 

0.001) (Figure 2). 
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A first analysis was performed dividing SSc patients in two subgroups, 

according to the presence in the serum of anti-Scl-70 autoantibodies: anti-

Scl-70 positive (n=17) and anti-Scl-70 negative (n=22) patients (Table III).  

 

Peripheral Cell phenotype 
Anti-Scl-70 + 

(n=17) 
Anti-Scl-70 - 

(n=22) 
P values 

CD163+CD204+CD206+ 0.5 ± 0.39 0.35 ± 0.17 <0.05 

CD80-TLR4-CD163+CD204+CD206+ 0.29 ± 0.26 0.18 ± 0.09 <0.05 

CD80-TLR4+CD163+CD204+CD206+ 0.08 ± 0.07 0.04 ± 0.03 <0.05 

CD14+CD80-TLR4-CD163+CD204+CD206+ 0.22 ± 0.21 0.12 ± 0.07 <0.01 

CD14+CD16+CD80-TLR4+CD163+CD204+CD206+ 0.03 ± 0.03 0.02 ± 0.01 <0.05 

CD14+CD16+TLR4+CD163+CD204+CD206+ 0.05 ± 0.04 0.03 ± 0.02 <0.05 

SLAN-CD1c-CD80-TLR4-CD163+CD204+CD206+  0.05 ± 0.04  0.03 ± 0.02 <0.05 

SLAN-CD1c-CD80-TLR4+CD163+CD204+CD206+ 0.04 ± 0.05 0.02 ± 0.02 0.05 

 

Table III. Significant differences observed in the distribution of percentages of circulating 

cells expressing the monocyte/macrophage markers between SSc patients positive or 

negative for anti-Scl-70 autoantibodies. Values are expressed as means ± standard 

deviations of cells percentages. 

 

Of note, the percentage of SLAN-CD1c-CD80-

TLR4+CD163+CD204+CD206+ cells (TLR4+M2 monocytes) and SLAN-

CD1c-CD80-TLR4-CD163+CD204+CD206+ cells (M2 monocytes) were 

significantly higher in anti-Scl-70 positive SSc patients compared with anti-

Scl-70 negative SSc patients (p = 0.05 and p < 0.05, respectively) (Figures 

12 and 13). 
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Figure 12. Flow cytometry plot (A) of Slan-CD1c-CD80-TLR4+CD163+CD204+CD206+ 

cells in anti-Scl-70 negative/positive systemic sclerosis patients and related differences in 

the percentage of circulating cells (B). 

 

 

Figure 13. Flow cytometry plot (A) of Slan-CD1c-CD80-TLR4-CD163+CD204+CD206+ 

cells in anti-Scl-70 negative/positive systemic sclerosis patients and related differences in 

the percentage of circulating cells (B). 

 

A second analysis was performed dividing SSc patients in two subgroups, 

according to the presence of SSc-ILD: SSc-ILD positive (n=24) and SSc-

ILD negative (n=15) (Table IV). 
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Peripheral Cell phenotype 
SSc-ILD + 

(n=24) 
SSc-ILD - 

(n=15) 
P values 

SLAN-CD1c-CD80-TLR4-CD163+CD204+CD206+  0.17 ± 0.19  0.13 ± 0.08 0.05 

SLAN-CD1c-CD80-TLR4+CD163+CD204+CD206+ 0.01 ± 0.01 0 ± 0 < 0.05 

 

Table IV. Significant differences observed in the distribution of percentages of circulating 

cells expressing the monocyte/macrophage markers between SSc patients positive or 

negative for interstitial lung disease (ILD). Values are expressed as means ± standard 

deviations of cells percentages. 

 

Of note, the percentage of SLAN-CD1c-CD80-

TLR4+CD163+CD204+CD206+ cells (TLR4+M2 monocytes) and SLAN-

CD1c-CD80-TLR4-CD163+CD204+CD206+ cells (M2 monocytes) were 

significantly higher in SSc-ILD positive patients compared with SSc-ILD 

negative patients (p < 0.05 and p = 0.05, respectively) (Figures 14 and 

15). 

 

 

Figure 14. Flow cytometry plot (A) of Slan-CD1c-CD80-TLR4+CD163+CD204+CD206+ 

cells in systemic sclerosis patients with or without interstitial lung disease and related 

differences in the percentage of circulating cells (B). 
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Figure 15. Flow cytometry plot (A) of Slan-CD1c-CD80-TLR4-CD163+CD204+CD206+ 

cells in systemic sclerosis patients with or without interstitial lung disease and related 

differences in the percentage of circulating cells (B). 
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DISCUSSION 

 

Monocyte/macrophage polarization is a dynamic process, influenced by 

cellular and cytokine environment, and M1/M2 paradigm does not fully 

reflect the complexity of the biological process in course of autoimmune 

diseases [54].  

A recent study from our Laboratory has demonstrated that circulating 

monocytes from SSc patients simultaneously express M1 (CD80, CD86, 

TLR4) and M2 (CD163, CD204, CD206) markers to a greater extent than 

HCs [38]. Furthermore, this “hybrid” circulating monocyte population 

(M1/M2) was found to be significantly correlated with the presence of SSc-

ILD [39].  

For this reason, the current study aimed to investigate the distribution of 

the M1, M2 or M1/M2 macrophage populations in SSc lung tissue, one of 

the organs most affected during SSc progression. 

Interestingly, the study demonstrated the presence of a rich infiltrate of 

macrophages (CD68+ cells) in the alveoli and in the fibrotic areas of SSc-

ILD patients, compared with NLC of non-SSc patients.  

There was a significant prevalence in the lungs of the M2 phenotype, in 

agreement with previous studies in scleroderma skin, where 

CD68+CD163+CD204+ cells were significantly more represented than in 

HCs [55].  

In addition, to the presence of the scavenger receptors CD163 and 

CD204, the current study highlighted the presence of the CD206 receptor 
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in the same areas of CD68+ cells, further characterizing the increased M2 

polarization of scleroderma lung macrophages [56]. 

Moreover, TLR4 (M1 marker) was significantly co-express in M2 

macrophages positive areas of the lung, suggesting for the first time the 

presence of TLR4+M2 macrophages as a significative population in SSc-

ILD lungs. 

Of note, TLR4 signaling pathway is a driver of fibrosis in scleroderma skin 

and lung [57]. TLR4 is classically recognized as the receptor for 

lipopolysaccharide, but also endogenous ligands of “damage-associated 

molecular patterns” (DAMPs) can activate it [58].  

The most frequent DAMPs in course of SSc have been identified in some 

components of the ECM, such as tenascin C and fibronectin-EDA [58].  

Once recognized by TLR4, these molecules activate a signaling pathway 

that includes the accessory protein MD2 and ends with the differentiation 

of tissue fibroblasts into myofibroblasts, further supporting the pulmonary 

fibrotic process [59]. 

The presence of TLR4+M2 macrophages in SSc-ILD samples analyzed 

does not seem to be influenced by immunosuppressive therapies of 

patients awaiting lung transplantation [60].  

In fact, SSc patients were treated with variable combination of 

mycophenolate mofetil, calcineurin inhibitors (cyclosporine A and 

tacrolimus), basiliximab (anti-CD25) and alemtuzumab (anti-CD52), 

reflecting on-label and off-label therapies for SSc-ILD available in USA 

before 2010.  
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Clearly, new antifibrotic and immunomodulatory therapies for SSc-ILD 

might also interfere with lung macrophages polarization and is matter of 

our further research. 

Nintedanib is a tyrosine kinase inhibitor, licensed for the treatment of SSc-

ILD [61]. In the fos-related antigen-2 (Fra2) mouse model of SSc, 

nintedanib significantly reduces M2 polarization, also reducing the total 

number of M2 macrophages [62].  

Moreover, nintedanib partially blocks the expression of M2 markers, 

including CD206, in primary cultures of human monocyte-derived 

macrophages controlled by human recombinant colony-stimulating factor 1 

[63].  

The effects of nintedanib on M2 macrophage polarization further support 

the overall antifibrotic effect, hindering the transition of fibrocytes into 

myofibroblasts as already reported in our studies [64,65]. 

Pirfenidone is a drug licensed for the treatment of idiopathic pulmonary 

fibrosis, currently under investigation for SSc-ILD [66]. Pirfenidone 

attenuates fibroblast proliferation, production of proteins and cytokines 

associated to fibrosis and the increase in biosynthesis and accumulation 

of ECM in response to TGF-β [67]. Of note, in mouse models, pirfenidone 

reduces M2 polarization, downregulating transcription factor NF-kB 

[68,69]. 

Janus kinase inhibitors are a class of synthetic molecule capable of 

blocking the activation of janus kinases (JAK1, JAK2, JAK3) and tyrosine 

kinase 2 (Tyk2) [70]. These drugs are not marketed for the treatment of 
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SSc but in vitro studies on monocyte-derived macrophages from healthy 

donors and on lung biopsies of hypochlorous acid mouse model of SSc- 

ILD demonstrated a significant effect in downregulating M2 polarization 

[71]. 

Current on-label and off-label pharmacological therapies for SSc-ILD are 

partially satisfactory and the search for precision therapy is a more urgent 

need than ever [72].  

The here reported identification of TLR4+M2 macrophages can represent 

an aid in the design of increasingly specific drugs. 

Of note, TLR4+M2 markers have been detected also in peripheral 

monocytes of SSc patients, together with TLR4-M2 markers, and were 

significantly higher in anti-Scl-70 positive SSc-patients than anti-Scl-70 

negative and in SSc-ILD positive patients than SSc-ILD negative. 

Peripheral SSc-monocyte populations have been characterized with as 

much precision as possible, excluding CD1c+ and Slan+ cells [73]. 

CD1c is a marker of dendritic cells type II and identifies a subset that can 

be CD14+, expressing also monocyte associated genes (i.e., CD115, 

MAFB, S100A8/9) [74].  

Slan+ monocytes have been observed to contribute to the immune 

pathogenesis of different inflammatory and autoimmune diseases [75]. 

Slan+ monocytes can be precursors of both dendritic cells and tissue 

macrophages that eliminate tumor cells [76]. 

So, data collected from lung samples and peripheral blood seems of great 

importance since TLR4+M2 monocytes/macrophages seem associated 
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with radiographic ILD, histological fibrosis and anti-Scl-70 positivity, 

suggesting a possible role as a biomarker of SSc-ILD. 

At last, the study has some limitations. First, a single immunostaining was 

performed for each lung tissue section, without conferring absolute 

certainty that the positive macrophage markers are expressed by the 

same cells. An analysis with multiplex immunoassays is mandatory and 

already planned to confirm the presence of cells co-expressing M1/M2 

markers in the fibrotic areas of the lung [77].  

Furthermore, once the presence of TLR4+M2 macrophages has been 

confirmed in SSc-ILD samples, cytokine expression of these cells will be 

analyzed/characterized with immunofluorescence, ELISA and/or real time 

PCR in our Laboratories.  

In fact, further studies should focus more precisely on classifying 

macrophage populations to shade a light on direct lineages of TLR4+M2 

macrophages, deriving from lung resident macrophages or peripheral 

blood monocytes (i.e., transcriptomic analysis) [78]. 

A more extensive sampling organ collection, including skin and 

gastrointestinal tissues will allow to evaluate further correlations, between 

hybrid monocyte/macrophage populations and organ damage [79,80]. 

In conclusion, in this study monocytes/macrophage specific phenotypes 

seems to characterize in lung as well as in blood samples of patients with 

SSc-ILD generating original results.  
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