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Wound healing is a complex process involving a coordinated series of events aimed at restoring tissue integrity

and function. Regulatory B cells (Bregs) are a subset of B lymphocytes that play an essential role in fine-tuning

immune responses and maintaining immune homeostasis. Studies have suggested that Bregs are important

players in cutaneous immunity. 
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1. Introduction

Inflammatory diseases are often accompanied by cutaneous abnormalities, ranging from minor skin irritation to

severe chronic conditions . In such diseases, the inflammatory process of the skin is usually driven by the

activation of the immune system and the production of inflammatory mediators . These inflammatory mediators

cause vasodilation and increase vascular permeability, allowing immune cells to migrate to the site of inflammation.

The activated immune cells then release additional pro-inflammatory cytokines and chemokines, amplifying the

immune response and leading to further tissue damage and inflammation. Cutaneous wound healing is a complex

process aimed at restoring skin tissue homeostasis and preventing further damage and infection. This process

unfolds in an intricate sequence of phases, often occurring simultaneously rather than in a strictly linear fashion .

The initial inflammatory phase, encompassing vascular and cellular responses, commences with hemostasis

marked by platelet aggregation and fibrin clot formation . Subsequently, immune cells such as neutrophils,

monocytes and lymphocytes infiltrate the wound bed, undertaking crucial roles in tissue debridement and cytokine

release . Transitioning to the repair phase involves the creation of granulation tissue, re-epithelialization and

wound contraction, with fibroblasts, endothelial cells and keratinocytes as key players. Fibroblasts contribute to

matrix formation, while endothelial cells drive angiogenesis. Keratinocytes migrate to cover the wound and

myofibroblasts aid in contraction . The maturation phase focuses on tissue remodeling, apoptosis and collagen

cross-linking, leading to the formation of an acellular scar . Thus, the complex process of wound healing is

orchestrated by multiple immune cell types . However, the role of B cells, critical players in the

systemic immune response, still needs to be fully understood in the context of the local immune response in the

skin. One type of B cell that deserves attention in the study of the wound healing processes is regulatory B cells

(Bregs). The count of diverse subpopulations of regulatory B cells currently exceed ten  and unfortunately, there

is no universally accepted specific marker that sets them apart from other B cell subsets.
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2. Breg Homing and Induction in the Skin

Traditionally, B cells were thought to accumulate in the skin during inflammation but not under homeostatic

conditions. However, B cells were later identified and characterized in the skin of humans, mice, and sheep, even

in the absence of inflammation . Within mammalian skin, B cells primarily reside in the dermis, exhibiting

sparse dispersion as individual cells in homeostatic conditions and forming cell clusters or organized lymphoid

structures during inflammation . Based on the current limited knowledge, the homing and migration mechanisms

of Bregs do not appear to be dramatically different from those of other B cells. In the classical paradigm of

lymphocyte trafficking, orchestrated migration is governed by interactions involving distinct combinations of tissue-

specific adhesion molecules (such as selectins and integrins) and their interplay with chemokines and

corresponding receptors. This complex interplay ultimately facilitates the migration of cells through vascular

endothelia and their infiltration into tissue sites .

3. Bregs Promote Cutaneous Wound Healing via Several
Mechanisms in a Variety of Pathological and Healthy States

3.1. Maintaining Tissue Homeostasis

Anti-inflammatory cytokines, such as IL10 and TGFβ, are known to influence both immune cells and epithelial cells

during wound healing . Interestingly, the isoforms of TGFβ have different roles in wound healing machinery. In

comparison, TGFβ1 and TGFβ2 are key players in the proliferative phase of wound healing, where they serve to

promote signaling via SMAD and Wnt-dependent pathways to enhance scarring, whereas TGFβ3 reduces scarring

. Geherin and colleagues showed that Bregs reside in murine cutaneous tissue, where they accumulate during

inflammation and secrete IL10.

3.2. Promotion of Angiogenesis

Angiogenesis is an essential physiological process occurring during repair after cutaneous injury . Pathological

angiogenesis has also been observed in carcinogenesis and chronic inflammation . Van de Veen and

colleagues identified a subpopulation of CD49b CD73  Bregs with high angiogenic potential that produces various

angiogenic factors, including vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF), platelet-

derived growth factor (PDGF), hepatocyte growth factor, axon guidance factor, and angiopoietins, orchestrating the

formation of endothelial cell tubes .

3.3. Interaction with Other Types of Suppressor Cells

3.3.1. Regulatory T Cells

Regulatory T cells (Tregs) help to suppress excessive immune responses and promote immune tolerance. Tregs

are important for regulating the inflammatory response in wound healing to prevent excessive tissue damage and

promote tissue repair . The skin regulatory T cell population comprises both resident and circulating Tregs,
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which can accumulate in the injured tissue . Haertel and colleagues demonstrated that Treg depletion

compromised normal acute wound healing: impaired re-epithelization, reduced wound closure, and delayed

angiogenesis . B cells play a crucial role in promoting the differentiation and activation of Tregs, as

demonstrated by the reduced frequency of Foxp3  Tregs in B cell-deficient mice .

3.3.2. Alternatively Activated (M2) Macrophages

Macrophages have critical functions at each stage of wound healing, namely inflammation, proliferation, and

remodeling. Throughout the healing process, macrophages shift from primarily exhibiting pro-inflammatory traits

(M1-like phenotypes) to displaying anti-inflammatory features (M2) . However, chronic wounds that do not heal,

such as diabetic ulcers, remain in the inflammatory phase of wound healing, and as a result, macrophages in the

wound area retain pro-inflammatory properties . Bregs can shift macrophage polarization from M1 to M2 by

producing anti-inflammatory cytokines (IL10, TGFβ, etc.).

3.3.3. Other Immune Suppressor Cells

Invariant natural killer T cells (iNKT) promote skin wound healing by preventing a prolonged neutrophilic

inflammatory response . Bregs support iNKT proliferation, activation, and cytokine production in a CD1d-

dependent manner . Bregs can also modulate dendritic cell (DC) function in inflammation by reducing antigen

presentation and pro-inflammatory cytokine productions by DCs or by modulating monocytes to differentiate into

tolerogenic DCs .

3.4. Suppression of Effector Cells

3.4.1. Cytotoxic T Cells

Although the main immunosuppressive effect of Bregs on T cells is believed to be Treg induction, as discussed

above, there are other mechanisms worth mentioning. Cytotoxic T cells are active participants in the early stages

of acute wound healing . Bregs suppressed the production of CCL5—a potent skin chemoattractant—by the skin

epidermis preventing the infiltration of effector CD8  T cells into the skin . IL10-producing B cells have been

described to suppress IFNγ and GrB expression by T killers .

3.4.2. Helper T Cells

Regarding helper T cells (Th), it has been reported that Bregs can suppress both Th1 and Th17 responses .

This process may be very beneficial in the case of diabetic ulcers, since the level of these inflammatory T helper

subsets is increased in patients with diabetes mellitus . B cell-derived TGFβ was found to inhibit Th1 and Th17

immune responses by decreasing the antigen-presenting capacity of dendritic cells . B10 cells also inhibit Th1

and Th17 cells through IL10 production, thus ameliorating experimental arthritis . Bregs have been found to

induce CD4  T cell death in general: experiments in diabetes models revealed that LPS-stimulated B cells express

FasL and TGFβ and can induce apoptosis of both effector B and T lymphocytes .
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3.4.3. Natural Killer Cells

During the late phases of wound healing, natural killer (NK) cells have a predominantly negative impact on tissue

repair. NK-produced IFNγ polarizes macrophages toward the pro-inflammatory M1 phenotype, thereby enhancing

immune cell infiltration at the wound site via macrophages producing cytokines such as IL1β, IL6, IL12, IL23, and

TNF . Therefore, NK-mediated inflammatory processes may hinder wound healing, especially in chronic

wounds.

3.4.4. Dendritic Cells

The presence of plasmacytoid dendritic cells (pDCs) has been detected in cutaneous healing processes . A

regulatory feedback loop between pDCs and B cells has been demonstrated in both humans and mice. In

response to inflammation, pDCs secrete IFNα, which induces B cells to produce IL10, subsequently suppressing

IFNα production by pDCs. This regulatory feedback can be disrupted in autoimmune conditions such as systemic

lupus erythematosus .

3.4.5. Neutrophils

Neutrophils are among the first circulating immune cells recruited to a wound that contribute to tissue injury by

amplifying the inflammatory response . The ability of Bregs to suppress neutrophils plays an important role in the

proper resolution of an inflammatory response as shown in murine models of colitis and salmonella infection .

Peripheral IgM  transitional B cells with regulatory properties were found to dampen excessive neutrophil activity in

the lung .

3.4.6. Effector B Cells

Effector B cells can also be suppressed by their regulatory counterparts. Rosser and colleagues proposed three

possible mechanisms for Breg-mediated suppression of antibody responses: (1) direct suppression of antibody-

producing B cells; (2) suppression of T helper responses, which will inevitably lead to a decrease in plasma cell

generation; (3) induction of Tregs, which could contribute to global suppression of inflammatory responses,

including suppression of antibody production .

4. Breg-Mediated Wound Healing in Inflammatory Skin
Diseases

Inflammation is a natural response of the immune system to injury or infection, and it plays a vital role in the

healing process. Bregs have been found to play a role in wound healing and suppression of inflammation in several

cutaneous pathologies associated with skin damage. Some inflammatory diseases, such as psoriasis, systemic

sclerosis (scleroderma), cutaneous lupus erythematosus, cutaneous hypersensitivity, pemphigus, dermatomyositis,

and diabetes, have been found to be associated with reduced Breg function (Figure 1) .
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Figure 1. Regulatory B cells are implicated in the pathogenesis of inflammatory skin diseases. Created with

BioRender.com, accessed on 24 November 2023.

4.1. Diabetes Mellitus

Diabetes is a chronic metabolic disorder that impairs the body’s ability to regulate blood glucose levels. In diabetes,

chronic hyperglycemia, and impaired immune function, among other complications, can lead to a persistent state of

low-grade inflammation with excessive production of cytokines and chemokines exacerbating skin ulceration and

impairing the healing process . Bregs are decreased in patients with diabetes , possibly contributing to

delayed wound healing.

4.2. Psoriasis

Psoriasis is a chronic autoimmune disease affecting skin, nails, and joints . In individuals with psoriasis, the

immune system responds abnormally to skin cells, causing them to grow rapidly and resulting in a buildup of cells

on the surface of the skin . Patients with psoriasis have lower levels of IL10  B cells in their bloodstream, which

is consistent with studies in mice showing the crucial role of these cells in suppressing psoriasiform inflammation

. A number of IL10  Breg cells was found to be inversely correlated with psoriasis severity and the number of

pathogenic IL17A CD3  and IFNγ CD3  T cells .

4.3. Contact Hypersensitivity

Contact hypersensitivity (CHS) is an immune-mediated skin reaction that clinically manifests as allergic contact

dermatitis . Both CD4  and CD8  T cells have been shown to play a pivotal role in the progression of CHS .
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The immune response is accompanied by the release of cytokines and other immune mediators that cause

inflammation and the characteristic symptoms of CHS, such as redness, itching, and blistering.

4.4. Systemic Sclerosis (Scleroderma)

Systemic sclerosis is a chronic autoimmune disease that affects the skin and internal organs. It is characterized by

the excessive production and deposition of collagen in various body tissues, leading to the hardening and

thickening of the skin and other tissues . Systemic sclerosis can vary widely in its severity and manifestations,

and conservative treatment options rely upon immunosuppressive medications to reduce the immune response

and alleviate symptoms .

4.5. Cutaneous Lupus Erythematosus

Cutaneous lupus erythematosus (CLE) is a cutaneous manifestation of systemic lupus erythematosus (SLE) that

affects the skin, occurring in 80% of cases . In a mouse model of SLE, induction of Bregs has been found to

suppress both skin and systemic disease . In SLE patients, IL10  B cells localize in the inflamed skin .

Patients with hypertrophic scars demonstrate a higher percentage of Breg cells compared to healthy donors,

suggesting that Bregs may regulate the fibrotic response in CLE, presenting a potential therapeutic target .

4.6. Pemphigus

Pemphigus is a rare autoimmune disease that is characterized by intraepidermal blisters caused by autoantibodies

against desmoglein 1 and 3 . One study has revealed that the frequency of CD19 CD24 CD38  Bregs in

PBMCs of pemphigus patients was elevated compared with healthy controls, but they were functionally impaired,

unable to suppress Th1 immune response . The increase in Breg number can be linked with elevated IL21 level,

which is characteristic of pemphigus patients, and is known to promote Bregs .

4.7. Dermatomyositis

Dermatomyositis (DM) is a systemic autoimmune disease primarily affecting skin and muscles and which is

characterized by dysregulation of hyperactivated B and T cells, leading to autoantibody production and aberrant

cytokine production . In DM patients, aggregates of lymphocytes are found in skin lesions . A very

comprehensive study conducted by Li et al. revealed that Breg deficiency is an important immunopathogenic

feature of DM . CD19 CD24 CD38  Breg level was found to be significantly decreased in the peripheral blood

of DM patients, and IL10  B cell levels were also lower compared to those of healthy controls. Myositis-specific

autoantibody (MSA)-positive patients were shown to have lower percentage of CD19 CD24 CD38  Bregs than in

MSA-negative individuals, thus supporting possible role of Bregs in the control of autoantibody production .
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