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DEAR EDITOR

Hidradenitis suppurativa (HS), an inflammatory disorder of hair follicles in intertriginous 

areas, manifests as debilitating acute subcutaneous nodules with subsequent chronic sinus 

tract formation and scarring.1 Given the limited effectiveness of medical therapies, targeting 

the immunomodulatory mechanisms that mediate disease progression is of great interest.
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Histological studies demonstrate macrophage infiltration in both acute and chronic HS 

lesions.2,3 Macrophage polarity is a vital regulator of inflammatory disease. Upon tissue 

extravasation, blood monocytes differentiate into tissue resident macrophages and depending 

on environmental cues polarize into M1/M2 subsets. M1 macrophages promote a pro-

inflammatory environment in response to intracellular pathogens, IFNγ, TNFα, among 

other cytokines. Whereas M2 macrophages mediate wound healing, differentiation of 

fibroblasts to myofibroblasts, collagen deposition, attenuation of inflammation, and tissue 

fibrosis.4,5

Emerging data suggest that macrophage-mediated release of TNFα, IL-12, and IL-23 

contribute to HS disease pathogenesis6–8 indicating a potential role for M1 macrophages in 

HS lesions. As the disease progresses, sinus tract formation and scarring predominate 

suggesting dysregulation of the homeostasis between fibroblast-mediated collagen 

deposition and extracellular matrix (ECM) degradation exemplifying a role for M2 

macrophages in chronic HS lesions. CD163, a member of the cysteine-rich scavenger 

receptor family and M2 marker, plays a key role in mediating internalization of hemoglobin-

haptoglobin complexes by macrophages9 and has been detected in the dermis of lesional HS 

tissue.10 CD163+ M2 macrophages also contribute to the aforementioned pro-fibrotic states 

via the release of the chemokine CCL18.5,11 We hypothesized that CD163+ macrophage-

mediated CCL18 production stimulates excess collagen deposition in chronic fibrotic HS 

lesions. Thus, we evaluated the expression of CD163+ macrophages and CCL18 in chronic 

HS lesions compared to perilesional and normal tissue.

The study was approved by our institution’s Institutional Review Board. Normal, 

perilesional, and lesional HS tissues were obtained from surgical resections and from our 

institution’s tissue bank. Patients with Hurley stage II and III were considered to have 

chronic HS, i.e., sinus tracts and fibrotic tissue. Visual assessment at the time of surgery as 

well as clinical and histopathological diagnosis were validated for verification. 

Immunohistochemistry (IHC) was performed to determine human tissue resident 

macrophages (CD68) and M2 macrophages (CD163+) infiltration.12 Normal and lesional HS 

tissues were subjected to single-cell dissociation via the GentleMACs Octo Dissociator 

(Miltenyi Biotec, Inc.) and analyzed by flow cytometry to determine surface expression of 

CD68 (anti-human CD68-PE; 10μl/million cells) and CD163 (anti-human CD163-FITC; 10 

μl/million cells) (Miltenyi Biotec, Inc.). We assessed CCL18 by immunofluorescence (IF) 

microscopy (PeproTech; 5 μg/ml). In addition, slides were analyzed by hematoxylin and 

eosin (H&E), Masson’s trichrome (MT), and Picrosirius Red (PSR) staining for histological 

and collagenofibrotic characterization.

Microscopic analysis of perilesional and lesional HS tissue is consistent with known HS 

histopathological findings (Fig. 1a).2 CD163 immunohistochemistry demonstrated a 

significantly more abundant infiltrate of CD163+ cells, including myofibroblasts and 

CD163+ macrophages, in lesional HS tissue compared to perilesional (Fig. 1b). Notably, 

extensive infiltration of CD163+ macrophages surrounds hair follicles in lesional HS tissue 

(Figs. 1a and 1b, black arrowheads). Figure 1c shows elevated CD163 protein expression in 

lesional tissue regions compared to perilesional tissue regions (mean ± SD, p=0.0357, 

Mann-Whitney U test). To validate the CD163+ population, we generated single-cell 
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suspensions from lesional tissue for comparison with normal tissue. In lesional tissue, flow 

cytometry revealed a 29.4% increase in CD68+CD163+ cells, suggesting polarization to the 

M2 phenotype in chronic HS (Fig. 1d). To further implicate a functional significance of 

CD163+ cells in chronic HS, there was an increased IF signal of the pro-fibrotic chemokine, 

CCL18 (Fig. 1e). As shown in Figure 1f, CD163 (red) co-localized with CCL18 (green), 

accompanied by collagen deposition (MT, Fig. 1g) in the dermis of lesional HS tissue 

compared to perilesional tissue. Areas of inflammation (Fig. 1g, black arrow), including 

surrounding hair follicles (Fig. 1g, black arrowhead), showed sparse immature thin collagen 

fibrils increasing towards the periphery of the inflammatory site, with scant macrophages 

and fibroblasts embedded within the collagen bundles (Fig. 1g, yellow asterisks). PSR 

staining further assessed collagen deposition, which showed areas of thin, immature 

collagen fibrils in lesional HS tissue. In comparison, perilesional tissue revealed thick, 

mature, and very dense collagen fibers (Fig. 1h, white arrows) similar to normal skin.13 

Figure 1i illustrates a mixed inflammatory infiltrate, including macrophages (black arrow) 

and reactive myofibroblasts (black double arrows) in chronic lesional tissue.

In summary, we have demonstrated a potential CD163+ M2 macrophage-mediated CCL18 

upregulation in HS and stimulation of fibroblast-mediated collagen production may play a 

role in HS disease progression to chronic lesions (Fig. 1j). The main limitation of this study 

is the small sample size. Furthermore, while reported as an M2 macrophage marker,9,12 

CD163 may not distinctly identify M2 macrophages in inflammation,14 therefore, a more 

extensive determination of cellular mechanisms with broader analysis of cell surface 

markers and co-localization experiments could elucidate the inflammatory cell repertoire 

associated with discrete stages in the immunological evolution of HS progression. Studies of 

the in vivo contributions of M1 and M2 macrophage subsets based on HS stage/severity 

could identify the cross-talk between fibroblasts/myofibroblasts, ECM, and inflammatory 

cells, thus contributing to our understanding of the pathogenesis of HS and guiding more 

targeted treatment strategies.
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Figure 1. Immunohistochemistry, flow cytometry, and immunofluorescence findings of chronic 
HS lesions
(a) Perilesional and chronic lesional HS tissue sections demonstrate dermal infiltration of 

inflammatory cells, including macrophages in affected areas (n=15, H&E). (b) 
Immunohistochemistry demonstrates a CD163+ infiltrate in the dermis of in HS chronic 

lesional tissue (n=8, 20x, scale bar 100 μm outer panels; 10x, scale bar 250 μm middle 
panel), especially surrounding hair follicles (black arrowheads, 20x, scale bar 100 μm). (c) 
Quantification of CD163 protein expression in perilesional and lesional regions (mean ± SD, 

*p=0.0357, Mann-Whitney U test). (d) Flow cytometry demonstrates a 29.4% increase in 

CD68+C163+ cells in chronic HS lesions (n=3, pink) compared to normal control tissue 

(n=2, grey). Live single cells were used to set population gates followed by selecting CD68+ 

cells. (e) Indirect immunofluorescence for CCL18 in chronic HS lesions (n=5), normal 

control tissue (n=3) and perilesional tissue (n=3) (10x, scale bar 250 μm). (f) Double indirect 

immunofluorescence staining for CD163 (red), CCL18 (green), and DAPI for nuclei staining 

(blue). The images for CD163 and CCL18 were merged (yellow-gold) (n=5, 20x, scale bar 

100 μm). (g) HS chronic lesional tissue (n=5) show inflammatory infiltrate (black arrow) 

adjacent to collagen (yellow asterisks, blue stained material) as well as near a hair follicle 

(black arrowhead) (10x, scale bar 250 μm, perilesional (n=5), Masson’s trichrome (MT)). 

(h) Picrosirius Red (PSR) staining shows more organized thick, mature, dense bundles of 

collagen in perilesional tissue (n=1) and thinner, less mature, loose collagen bundles in the 

chronic lesional HS tissue (n=2) (white arrows, 20x, scale bar 250 μm). (i) Mixed infiltrate 

including macrophages (black arrow) and reactive myofibroblasts (black double arrow) are 

present in chronic lesional tissue, 60x. (j) Schematic of proposed role for macrophages in 
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chronic HS: CD68+CD163+ macrophage release of CCL18 stimulates fibroblast-mediated 

collagen deposition as seen clinically in chronic HS lesions.
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