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Human cutaneous B cells: what do we really know?
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Abstract: B cells play many critical roles in the systemic immune response, including antibody secretion, 
antigen presentation, T cell co-stimulation, and pro- and anti-inflammatory cytokine production. However, 
the contribution of B cells to the local immune response in many non-lymphoid tissues, such as the skin, 
is incompletely understood. Cutaneous B cells are scarce except in certain malignant and inflammatory 
conditions, and as such, have been poorly characterized until recently. Emerging evidence now suggests 
an important role for cutaneous B in both skin homeostasis and pathogenesis of skin disease. Herein, we 
discuss the potential mechanisms for cutaneous B cell recruitment, localized antibody production, and 
T cell interaction in human skin infections and primary skin malignancies (i.e., melanoma, squamous 
cell carcinoma). We further consider the likely contribution of cutaneous B cells to the pathogenesis 
of inflammatory skin diseases, including pemphigus vulgaris, lupus erythematosus, systemic sclerosis, 
hidradenitis suppurativa, and atopic dermatitis. Finally, we examine the feasibility of B cell targeted therapy 
in the dermatologic setting, emphasizing areas that are still open to investigation. Through this review, we 
hope to highlight what we really know about cutaneous B cells in human skin, which can sometimes be lost in 
reviews that more broadly incorporate extensive data from animal models.
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Introduction

The integrity of the cutaneous barrier against microbial 
and viral pathogens is dependent on the ability to mount 
both innate and adaptive immune responses. Healthy 
human skin is composed of an intricate network of immune 
cells known as the “skin immune system” (SIS), which has 
been extensively described and reviewed elsewhere (1).  
Briefly, Langerhans cells (LCs) and dermal dendritic 
cells (dDCs) patrol and sample the epidermal and dermal 
milieu. During infection or inflammation, LCs and dDCs 
migrate to draining lymph nodes (dLNs) (2) where they 

function as antigen presenting cells (APCs) and stimulate 
naïve T cell polarization and expansion, thereby facilitating 
an inflammatory cascade (1). In both inflamed and non-
inflamed tissue, the majority of cutaneous lymphocytes are 
tissue resident memory (TRM) T cells, uniquely capable of 
producing rapid, local immune responses without egression 
to secondary sites (3). 

Conversely, the number of B cells in healthy human 
skin is relatively small (4), making the study of cutaneous 
B cells quite difficult. It is primarily for this reason that 
these cells are so poorly characterized and their role in 
skin immunity and disease largely unknown. Two recent 
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reviews do an excellent job of summarizing various studies 
of systemic and cutaneous B cells in skin immunity, with an 
emphasis on animal models (5,6). However, definitive data 
concerning cutaneous B cells in humans are quite limited. 
Therefore, the purpose of this review is different; we hope 
to delineate what we really know and what we do not know 
about cutaneous B cells in humans. Human investigation 
is critical, especially in light of the many differences that 
exist in both B cell and skin biology among animal models, 
and between animals and humans (7). Given the paucity of 
human studies on this subject, we will also discuss the next 
steps in bridging this gap in knowledge. Importantly, we 
emphasize areas requiring further investigation and discuss 
the therapeutic implications of systemic and localized B cell 
depletion as it relates to the field of dermatology. 

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-5185).

Cutaneous B cells in healthy human immunity 

Until recently, B cells were not thought to be part of the 
normal skin immune repertoire (5,6). Whether cutaneous 
B cells are truly tissue-resident or merely circulating 
and migratory is not known, nor are the mechanisms for 
such recruitment to human skin well defined. Different 
mechanisms have been proposed as to how B cells migrate to 
skin in ovine (CCR6-CCL20 dependent) and murine (α4β1 
integrin and BAFF dependent) models (8,9). Involvement of 
cutaneous lymphocyte antigen (CLA) is also possible, given 
its importance for T cell trafficking to the skin (3). Indeed, 
B cells expressing CLA circulate in peripheral blood of both 
healthy individuals and those with cutaneous disease (10,11). 
Furthermore, CLA expression is upregulated by lesional B 
cells of patients with pemphigus vulgaris (PV), suggesting 
skin-homing capability (11). While direct involvement is 
still under investigation, additional chemokine receptors 
potentially responsible for cutaneous recruitment of B cells 
include CCR4, CCR5, CCR7, CCR10, CXCR3, CXCR4, 
and CXCR5 (Figure 1) (11).

B cells play many roles in the adaptive immune system, 
including antibody secretion, antigen presentation, T cell 
co-stimulation, and pro- and anti-inflammatory cytokine 
production. The evidence for cutaneous B cells performing 
these functions in human skin is limited, though growing. 
For many years it has been known that IgM, IgG, and 
IgA antibodies encase bacteria and fungi isolated from 
human skin and interfere with their infectious properties 

(Figure 1) (12). However, antibody was not thought to be 
present in abundance in healthy skin, except in human 
sebaceous and eccrine sweat glands where secretory IgA 
is detectable (13,14). Furthermore, given the paucity of B 
cells in healthy skin, cutaneous antibody deposition was 
considered to derive primarily from systemic sources. 
However, recent reports demonstrate that cutaneous 
antibody can be produced locally in healthy skin. B 
cells are detectable by immunohistochemistry and flow 
cytometry in normal human skin and produce various 
IgG subclasses, including IgG1, IgG2, and IgG3 (10). 
In addition, IgM antibody secreting cells (ASCs) are 
similarly ubiquitously detectable in healthy skin, further 
supporting a role for cutaneous B cells in maintaining 
human skin immunity against pathogens (9).  It  is 
therefore not surprising that B cell and ASC infiltrates 
are prominent in infectious skin lesions of leprosy, 
syphilis, and leishmaniasis (15-17). In lepromatous-
spectrum skin disease, in-situ IgG antibody production 
has been demonstrated (15). In secondary syphilis, opsonic 
antibodies appear necessary for macrophage-mediated  
T. pallidum clearance (16), though evidence of local 
ant ibody  product ion  i s  l ack ing .  Late  cutaneous 
leishmaniasis lesions exhibit plasma cell predominance 
over B cells, suggestive of lesional maturation and possible 
local immunoglobulin secretion (17).

In addition to antibody production, cutaneous B cells 
may contribute to local infectious and inflammatory 
responses via the development and maintenance of 
granulomas, since B cell deficient individuals with X-linked 
agammaglobulinemia are unable to form granulomas (18). 
In both infectious and non-infectious granulomas, B cells 
and plasma cells are present at the periphery, an area with 
a prominent pro-inflammatory cytokine milieu (i.e., IL-1,  
IL-6, TNF-α) (Figure 1) (18,19). In cutaneous leishmaniasis, 
infiltrating B cells positively correlate with the number of 
inflammatory granulomas (20). This spatial relationship 
between B cells, plasma cells, granulomas, and pro-
inflammatory cytokines provides further, albeit indirect, 
evidence for cutaneous B cell involvement in granuloma 
formation.

Evidence for anti-tumor immunity is more definitive. 
Increased numbers of infiltrating CD20+ B cells and 
elevated CD20 mRNA expression in melanoma lesions 
correlates with improved patient survival (10,21). Cutaneous 
B cells are organized in follicle-like aggregates in a subset 
of melanoma tumors—reminiscent of tertiary lymphoid 
organ (TLO)-like structures present in various other organs 
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Figure 1 Cutaneous B cells in healthy human immunity. The mechanisms of B cell recruitment to the skin during homeostatic and 
pathologic conditions is still under investigation but may involve cutaneous lymphocyte antigen (CLA), CCR4, CCR5, CCR7, CCR10, 
CXCR3, CXCR4, and CXCR5. Localized actions of cutaneous B cells include antibody production (i.e., IgM, IgG, IgA) and cytokine 
secretion (i.e., IL-10), which promote pathogen clearance and anti-tumor immunity. Cutaneous B cells further organize within granulomas 
and tertiary lymphoid organs (TLOs), closely associated with T cells.
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affected by chronic inflammation. Moreover, B cells closely 
associated with activated T cells confer better prognosis in 
melanoma, indicating that their interaction is necessary for 
effective anti-tumor immunity (22). These cell aggregates 
suggest the possibility of B cell help to anti-tumor T cells 
via antigen presentation or co-stimulation, though T cell 
help for B cell production of anti-tumor antibody is also 
possible. Indeed, two recent studies by Helmink et al. 
and Cabrita et al. propose that B cell-rich TLOs directly 
enhance T cell-mediated therapeutic response to immune 
checkpoint blockade (ICB) in patients with both high-risk 
primary and metastatic melanoma (23,24). Specifically, 
B cell and TLO densities are significantly increased in 
ICB responders compared to non-responders, conferring 
improved overall survival. Transcriptional analysis not 
only confirms intra-tumoral enrichment of B cell-related 
genes and activated T cell markers in ICB responders, but 
also reveals increased B cell receptor (BCR) diversity and 
clonal immunoglobulin heavy and light chain expression, 
supporting a critical role for B cells in anti-melanoma 
immunity within the skin (23,24). Of note, the presence of 
plasma cells alone, without significant B or T cell infiltrate, 
is associated with poor survival in melanoma (25). These 
data support the idea that antibody secretion, without 
apparent B and T cell interaction, TLO formation, and/

or cytokine production, is insufficient for immune-driven 
tumor clearance (Figure 1).

Similarly, human cutaneous squamous cell carcinoma 
(cSCC) exhibits  enhanced B cel l  inf i l trat ion and 
immunoglobul in deposit ion compared to normal 
tissue (26). Longstanding B cell depletion with the 
anti-CD20 monoclonal antibody rituximab may also 
promote development of cSCC (27). Interestingly, 
immunosuppressed organ transplant recipients demonstrate 
reduced numbers of infiltrating B cells within the cSCC 
tumor, at the invasive margin, and the surrounding 
non-malignant skin compared to immunocompetent 
controls (28). Therefore, it is possible that cutaneous B 
cell impairment contributes to increased risk of cSCC 
development in immunosuppressed individuals, although 
this remains to be tested. 

Despite the evidence for cutaneous B cells as protective 
agents in skin malignancy, there are contrasting data to 
suggest that infiltrating B cells can also contribute to tumor 
immune evasion, potentially indirectly through polarization 
of tumor-associated myeloid cells or directly via the 
production of the anti-inflammatory cytokine IL-10 (26,29). 
IL-10 secreting B cells have also been found in normal 
human skin (30), as well as in cutaneous lupus (31). The fact 
that IL-10 secreting B cells have been found in the different 
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contexts of normal skin, malignancy, and autoimmunity 
suggests a more global regulatory role for at least a subset 
of cutaneous B cells. In contrast, while B cells are known to 
secrete inflammatory cytokines (32), this ability has not yet 
been described in human cutaneous B cells (Figure 1). 

In summary, B cells are present in human skin, albeit in 
small numbers. The details of how they migrate to the skin 
are not fully known, though CLA appears to be important, 
and murine and ovine models offer different possibilities 
to explore. Cutaneous B cells can produce antibody locally, 
though its relevance in immunity to infection has not 
been definitively established. They also appear to interact 
with T cells in cutaneous tumor surveillance, though our 
understanding of this interaction is limited, and further 
characterization of their ability to present antigen or 
provide T cell help is needed. Certainly, ovine cutaneous 
B cells are well-equipped for local antigen presentation, 
as they highly express MHCII, CD1, and CD80/86 (8). 
Data on cytokine production by cutaneous B cells thus 
far are limited to the regulatory cytokine IL-10. Further 
characterization of human cutaneous B cells in healthy skin 
immunity will be critical as we attempt to also understand 
their pathogenic role in skin disease (Figure 1). 

The pathogenic role of cutaneous B cells in 
human disease

While our understanding of B cells in healthy human 
skin is limited, a growing body of literature supports their 
potential role in a variety of skin pathologies. These include 
cutaneous B cell malignancy, inflammatory skin disease, 
connective tissue disease, and immunobullous disorders. 
A discussion of cutaneous B cell malignancy is beyond the 
scope of this review and is reviewed elsewhere; however, 
this section will highlight a few common skin diseases in 
which cutaneous B cells are prevalent and may contribute to 
pathogenesis.

PV is an autoimmune blistering skin disease caused by 
aberrant autoantibody production against the desmosomal 
cadherins, desmolgein-1 (Dsg1) and desmoglein-3 (Dsg3), 
expressed by epidermal keratinocytes (Figure 2). While 
it has long been known that circulating autoantibodies 
correlate with and contribute to PV severity, the role 
of cutaneous B cells in PV was only recently elucidated 
(11,33). Yuan et al. elegantly demonstrate an influx of 
Dsg1/3-specific B cells in lesions of PV patients compared 
to skin of healthy controls. Cutaneous B cells derived from 
PV lesions and cultured ex vivo produce copious amounts 

of anti-Dsg1 and anti-Dsg3 antibodies, correlating with 
disease severity. B cells derived from peripheral blood of 
PV patients, however, lack this response. Histologically, 
skin infiltrating B cells aggregate with CD3+ T cells to 
form TLOs (Figure 2) (33), which contain centroblasts, 
plasmablasts, and plasma cells, indicative of in situ B 
cell differentiation (11). Furthermore, B cells isolated 
from these structures highly express B lymphocyte-
induced maturation protein-1 (BLIMP-1), interferon 
regulatory factor 4 (IRF4), and B cell lymphoma 6 
(BCL-6)—transcription factors that are crucial for B 
cell differentiation and germinal center formation (11). 
Accordingly, PV lesional B cells exhibit BCR enrichment 
compared to peripheral B cells, indicating local clonal 
expansion (11). These landmark findings demonstrate for 
the first time a clear pathogenic role for cutaneous B cells 
in a non-malignant skin disease. 

Lupus erythematosus  (LE) i s  a  heterogeneous 
systemic autoimmune disease defined by loss of central 
tolerance, abnormal T and B cell activation, autoantibody 
production, and chronic end-organ inflammation with 
prominent mucocutaneous involvement. Indeed, direct 
immunofluorescence (DIF) of cutaneous lesions reveals 
immunoglobulin deposition at the dermal-epidermal 
junction (DEJ), known as the lupus band test (LBT) 
(Figure 2). However, a positive LBT may also be present 
in clinically normal skin of patients with systemic lupus 
erythematosus (SLE) (34); therefore, unlike in PV, antibody 
does not appear sufficient to drive skin pathology, which 
calls into question its importance in disease pathogenesis. 
While it has been assumed that the antibody deposited 
at the DEJ derives from the peripheral blood, the 
aforementioned studies in PV suggest that it may be 
produced locally, especially when considering that some 
cutaneous lupus lesions demonstrate a prominent B cell 
infiltrate (Figure 2).

Skin lesions of discoid lupus erythematosus (DLE), 
the most common form of cutaneous lupus, reveal 
enhanced infiltration of B cells at the DEJ, perivascular, 
and periadnexal regions compared to normal skin, lichen 
simplex chronicus (LSC), and lichen planus (LP) (35). 
Enhanced B cell infiltration appears to be accompanied 
by CD3+, CD4+, and CD8+ T cells (36). Moreover, B cells 
organize into aggregates, closely associated with CD3+ 
T cells (37). Nests of B cells and plasma cells in close 
proximity to T cells are also found in the lesional skin of 
patients with LE panniculitis (38). While reminiscent of 
the TLOs observed in cutaneous melanoma and PV, the 
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potential role of these lymphoid aggregates in cutaneous 
lupus has not been evaluated, and it is unknown if these 
structures produce antigen-specific B cells or pathogenic 
antibody (Figure 2). Evaluation of the B and T cell infiltrate 
in DLE lesions at different stages revealed CD20+ B cell 
and CD138+ plasma cells present in both scarred and non-
scarred inflammatory lesions, though more enriched in 
lesions with scarring. This is in contrast to CD8+ T cells, 
which were enriched in lesions without scarring. Since scar 
formation is a characteristic feature of DLE progression, 
the authors proposed a role for CD8+ T cells and CD20+ B 
cells in disease initiation and propagation, respectively (39).  
Complementing the preceding immunohistochemical 
studies, transcriptomic analyses confirm enriched gene 
signatures of B cell activation and leukocyte chemotaxis in 
chronic cutaneous LE (CCLE) lesions compared to normal 
controls (40). While there is much to suggest a prominent 
role for B cells in DLE pathogenesis, definitive studies are 

lacking. 
B cells have also been studied in systemic sclerosis 

(SSc), an autoimmune disease marked by limited or 
diffuse cutaneous fibrosis. Numerous analyses of immune 
infiltrates in human SSc skin reveal elevated numbers 
of cutaneous CD20+ B cells and CD138+ plasma cells 
compared to healthy tissue (41,42). Transcriptomic data 
further support the prominence of B cells and plasma cells 
in skin isolated from patients with SSc (43,44). B cells 
are present in both uninvolved skin and early SSc and 
correlate with disease progression, suggesting contribution 
to lesion development (42). This may be secondary to 
localized cytokine or antibody production leading to 
collagen deposition and fibrosis (Figure 2) (45). 

Conspicuous infiltration of B cells was recently identified 
in hidradenitis suppurativa (HS), a chronic inflammatory 
condition that affects apocrine sweat glands and results in 
disfiguring scar formation. Specifically, both B cells and 

Figure 2 Cutaneous B cells in disease pathogenesis. Pemphigus vulgaris (PV) exhibits the most direct evidence for pathogenic cutaneous B 
cells via localized production of desmosomal targeting antibodies (anti-Dsg1/3). Cutaneous B cells aggregate with T cells to form tertiary 
lymphoid organs (TLOs), where they undergo transcription factor upregulation (i.e., BLIMP-1, IRF4, BCL-6) and B cell receptor (BCR) 
enrichment to facilitate local B cell differentiation and clonal expansion, respectively. In lupus erythematosus (LE), autoantibodies are 
deposited at the dermo-epidermal junction (DEJ) within both clinically affected and unaffected skin. Unlike in PV, the source (i.e., local vs. 
systemic B cells) and pathogenic role for these autoantibodies have yet to been established. In discoid LE, enhanced infiltration of B cells is 
observed at the DEJ, perivascular, and periadnexal regions. Moreover, structures reminiscent of TLOs are observed, though their pathogenic 
role is unclear. Enhanced cutaneous B cell infiltration is also apparent in systemic sclerosis, hidradenitis suppurativa, and atopic dermatitis, 
and is correlated with skin disease severity. However, a direct pathogenic mechanism via autoantibody production or cytokine secretion is 
still unknown. 
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plasma cells are increased in early and chronic HS compared 
to both perilesional skin and healthy controls. Moreover, 
B cells form follicle-like structures within the dermis, 
suggestive of ectopic germinal centers (46). Most recently, 
an abnormally activated humoral response and resultant 
dermal damage was proposed in the pathogenesis of HS, 
predominantly due to the abundance of immunoglobulin 
and plasma cell associated gene signatures (Figure 2) (47). 

Intriguingly, a recent analysis of blood and skin from 
patients with atopic dermatitis (AD) revealed possible B 
cell aberrancy in a primarily T cell mediated disease. In 
particular, B cells accumulate in AD lesions and predict 
worse disease severity, while a subset of B cells, including 
CD27+ memory B cells and CD38+ plasmablasts, accumulate 
peripherally (Figure 2) (48). To date, plasma cells have not 
been identified in the cellular infiltrate of AD lesions. 

In summary, cutaneous B cells accumulate locally 
in several human immunobullous, autoimmune, and 
inflammatory skin conditions, including PV, DLE, SSc, 
HS, and AD. However, with the exception of PV, in which 
a clear autoantibody-mediated role has been identified, 
much less is known about the functional role of B cells 
in other skin diseases. As in PV, B cells aggregate with T 
cells to form TLO-like structures in DLE and possibly 
HS, suggesting localized immune response (Figure 2). In 
some skin diseases, B cell accumulation correlates with 
disease activity, but whether or not this B cell infiltrate is 
pathogenic, immunoregulatory, or merely a side effect of 
more general inflammation remains to be determined. 

Cutaneous B cell targeted therapy in 
dermatologic disease

It is well known that systemic B cell depletion therapy (BCDT) 
with rituximab leads to impressive clinical response and 
profound reduction in anti-Dsg antibody titers in patients with 
refractory PV (49). Given the aforementioned contribution 
of infiltrating B cells to PV pathogenesis, it is tempting to 
speculate whether preferentially targeting the cutaneous B cell 
population would be similarly as efficacious. Indeed, direct 
intralesional injection of reduced-dose rituximab results in 
clinical remission of refractory oral PV, although this effect 
cannot be definitively attributed to depletion of cutaneous 
B cells, since circulating B cells are also reduced (50). A 
subsequent study revealed comparable efficacy of intralesional 
rituximab and intralesional triamcinolone in the treatment 
of refractory PV, although the potential effect on peripheral 
B cells was not evaluated (51). Collectively, these findings 

emphasize the feasibility and encourage the development of 
localized or topical BCDT for PV.

BCDT with rituximab has also been evaluated in 
cutaneous lupus, with promising but somewhat mixed 
results (52,53). While BCDT effectively depletes circulating 
B cells, it might not always adequately reduce pathogenic B 
cells in tissue (54). Therefore, residual pathogenic cutaneous 
B cells may explain the variability in responsiveness of 
skin lesions to BCDT. Likewise, B cell activating factor 
(BAFF) inhibition with belimumab was recently shown to 
be particularly efficacious in the treatment of recalcitrant 
cutaneous lupus (55). Mouse models demonstrate cutaneous 
ASC survival to be BAFF-dependent, and BAFF appears 
to be upregulated in human DLE skin (9,56). However, 
whether belimumab targets cutaneous B cells specifically 
is still unknown. Overall, the significant B cell infiltrate in 
cutaneous lupus makes local B cell targeted therapy (as in 
PV) an intriguing therapeutic option that is still open to 
investigation. 

In patients with SSc treated with belimumab, clinical 
improvement correlates with the reduction of cutaneous 
expression of genes related to B cell activation and  
fibrosis (57). However, as in cutaneous lupus, the efficacy 
of anti-CD20 BCDT in SSc is mixed, despite effective 
depletion of both peripheral and dermal B cell populations 
(58,59). This inconsistent efficacy in SSc may be due to the 
relatively greater importance of plasma cells, which do not 
express CD20, and are thus resistant to rituximab. Indeed, 
SSc patients treated with the anti-CD19 monoclonal 
antibody inebilizumab have decreased cutaneous plasma 
cell gene signatures and collagen secretion (44). CD19 is 
expressed on a somewhat wider array of B cells than CD20, 
including plasmablasts and some plasma cells. Furthermore, 
greater clinical improvement in response to treatment 
was seen in patients with high baseline plasma cell gene 
signatures as compared to low, pointing to a predominantly 
plasma cell driven pathology (44). 

Lastly, as described in the previous section, studies of 
cutaneous B cells in HS and AD are scant. As such, only 
one case report demonstrates successful treatment of HS 
with rituximab (60). Similarly, there is limited data on the 
efficacy of rituximab in AD (61). Thus, future controlled 
trials are needed to establish utility of both systemic and 
localized B cell depletion in these skin diseases.

Bridging the gap

In conclusion, emerging evidence supports a role for 
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human cutaneous B cells in both homeostasis and disease. 
Thorough immunophenotyping and functional studies 
are required for further characterization of infiltrating B 
cells and to distinguish between resident and transient 
populations. Importantly, how human cutaneous B cells 
interact with other immune cell types in the dermal network 
to carry out local effector functions such as antibody and 
cytokine production is largely unknown. Work performed 
in various animal models is informative and will help to 
direct future studies. Finally, as we learn more about the 
role of B cells in skin immunity and disease, skin-directed B 
cell targeted therapy may emerge as an important and more 
personalized approach in dermatologic disease management.
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