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Abstract

Cutaneous lupus erythematosus (CLE) has traditionally been considered a
dermatologic manifestation within the lupus spectrum; however, recent clini-
cal, immunologic, and transcriptomic evidence suggests that the skin may
constitute an immunologically active and accessible compartment for study-
ing early stages of lupus autoimmunity. In this review, the concept of a “sen-
tinel model” is used as a proposed integrative hypothesis, and not as an estab-
lished pathogenic mechanism or as evidence that the skin is the demonstrated
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cutaneous immune activation, highlighting the role of the keratinocyte as an
immunologically active cell capable of producing type I interferons, particu-
larly interferon-kappa (IFN-x), and of participating in nucleic acid-sensing
pathways such as cGAS-STING. These mechanisms support the existence of
an interferon-dominated cutaneous inflammatory signature; nevertheless, their
direct contribution to systemic propagation remains incompletely defined. Ad-

DOI: 10.4236/jbm.2026.145022 May 22, 2026

313 Journal of Biosciences and Medicines


https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2026.145022
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0000-0002-8628-3990
https://orcid.org/0000-0003-3020-1850
https://orcid.org/0009-0001-3824-6087
https://orcid.org/0009-0000-7870-3791
https://orcid.org/0009-0008-7355-684X
https://orcid.org/0009-0006-8694-6439
https://orcid.org/0009-0008-3576-4461
https://orcid.org/0009-0000-6283-9352
https://orcid.org/0009-0002-0465-1233
https://orcid.org/0009-0003-2057-6680
https://orcid.org/0009-0007-5629-5468
https://orcid.org/0009-0004-1762-1353
https://orcid.org/0009-0006-3459-411X
https://orcid.org/0009-0002-9647-515X
https://orcid.org/0009-0009-0666-9761
https://doi.org/10.4236/jbm.2026.145022

G. A. Gutiérrez-Barros et al.

Copyright © 2026 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

ONom

ditionally, transcriptomic studies have identified shared inflammatory pro-
grams between the skin and target organs such as the kidney in lupus nephri-
tis, especially those related to interferon-stimulated genes, chemokines, and
infiltrating immune populations. These similarities support immunobiological
convergence between tissue compartments, but do not by themselves demon-
strate direct cellular migration or skin-organ causality. Finally, we discuss the
role of phenotypic, serologic, and molecular stratification in identifying pa-
tients with CLE at risk of systemic progression. Hydroxychloroquine retains
an established role in cutaneous disease control, whereas its potential disease-
modifying effect on progression to systemic lupus erythematosus should be
interpreted as emerging and non-definitive evidence. Similarly, therapies tar-
geting the interferon pathway have shown benefit in populations with estab-
lished SLE and cutaneous involvement, but their ability to prevent systemic
progression in isolated CLE has not yet been demonstrated.
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1. Introduction

Systemic lupus erythematosus (SLE) is a prototypical autoimmune disease char-
acterized by marked clinical heterogeneity and multiorgan involvement, which
complicates both early diagnosis and prognostic stratification. Globally, it is esti-
mated that more than five million people live with SLE, with an approximate in-
cidence of 5 per 100,000 person-years, although these figures vary considerably
according to geographic region and the ethnic composition of the population [1]
[2].

Epidemiologic studies have consistently shown a higher disease burden among
women of reproductive age, as well as higher prevalence and severity among in-
dividuals of African ancestry and Hispanic populations. In these groups, SLE is
not only more frequent, but is also associated with faster progression toward or-
gan damage, including renal and cardiovascular involvement [3] [4].

These differences reflect the interaction among genetic, environmental, hormo-
nal, and immunologic factors that shape the clinical expression of lupus. Within
this spectrum, cutaneous lupus erythematosus (CLE) has traditionally been con-
sidered a predominantly dermatologic manifestation; however, a subgroup of pa-
tients develops systemic disease during follow-up, with progression rates that vary
according to cutaneous phenotype, inflammatory burden, and serologic profile
[5].

Because cutaneous manifestations may constitute one of the earliest clinical
expressions of lupus, dermatologists occupy a critical position in the early iden-
tification of patients at risk of systemic involvement. To reduce diagnostic delay,

practical tools such as the mnemonic “LABS FOR SLE”—low complement lev-
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els, ANA, blood count, serology, fatigue/fever, organ function, and renal assess-
ment—have been proposed to identify warning signs and facilitate early coor-
dination with rheumatology before the development of irreversible organ dam-
age [6].

In addition, the clinical relevance of distinguishing between isolated CLE and
CLE with subclinical systemic criteria or “laboratory SLE” has been increasingly
recognized. The latter category includes patients whose clinical presentation is
predominantly cutaneous, but who already have hematologic, immunologic, or
serologic abnormalities sufficient to increase suspicion of systemic evolution. Fac-
tors such as younger age at diagnosis, darker skin phototypes, and high ANA titers
have been identified as predictors of progression in recent cohorts [7].

The transition from CLE to SLE should not be interpreted as a uniform or in-
evitable process. Longitudinal studies show that the probability of progression
varies widely across cohorts and depends on clinical subtype, extent of cutaneous
disease, presence of autoantibodies, and coexistence of hematologic or comple-
ment abnormalities. In general terms, acute and subacute phenotypes show a
closer association with systemic activity, whereas some chronic variants, such as
tumid lupus, tend to remain confined to the cutaneous compartment [5] [8].

These observations have generated interest in understanding the skin not only
as a target organ, but also as an immunologically active compartment capable of
reflecting, amplifying, or anticipating relevant immune signals in patient sub-
groups. The skin has a complex immunologic architecture in which keratinocytes
can act as effector cells, producing proinflammatory cytokines and type I interfer-
ons, even in the absence of viral infection. Likewise, environmental stimuli such
as ultraviolet radiation can induce keratinocyte apoptosis, release of nuclear auto-
antigens, and activation of innate immune pathways [9].

In this context, we propose interpreting the skin as a “sentinel model” of sys-
temic autoimmunity, understood as a conceptual framework that integrates clin-
ical, serologic, and immunopathologic observations. This model does not imply
that the skin is the demonstrated causal origin of SLE, nor is there direct evidence
of cellular propagation from the skin to internal organs. Rather, it suggests that
studying the skin may provide an accessible window to analyze shared immune
mechanisms, identify higher-risk patients, and generate hypotheses regarding the
transition between localized and systemic autoimmunity [10].

The objective of this review is to critically analyze the immunobiological con-
vergence between skin and systemic disease in lupus, evaluating the available evi-
dence on the cellular and molecular mechanisms involved, their level of experi-
mental or clinical support, and their potential utility for risk stratification and the

design of early intervention strategies.

2. Immunopathological Basis: Mechanisms of Cutaneous
Activation and Systemic Signaling

The pathogenesis of cutaneous lupus erythematosus (CLE) involves a complex in-
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teraction among innate immunity, adaptive immunity, skin-resident cells, and en-
vironmental stimuli. Within the framework of this review, these mechanisms are
interpreted as evidence of local cutaneous immune activation and convergence
with systemic lupus pathways, but not as a direct demonstration that the skin caus-

ally originates or propagates multiorgan disease.

2.1. Keratinocytes and Type I Interferon Signaling

Keratinocytes represent a central component of the cutaneous immune response.
Experimental studies have shown that these cells can produce type I interferons,
particularly interferon-kappa (IFN-x), even in the absence of viral infection, thereby
generating a basal state of immunologic activation [11] [12].

In this context, the keratinocyte is no longer considered a simple physical bar-
rier, but rather an immunologically active cell, or “cytokinocyte,” capable of ex-
pressing pattern-recognition receptors, responding to cellular damage signals,
and secreting cytokines and chemokines such as IL-1, IL-6, TNF, CXCL9, and
CXCL10. This functional capacity allows the epidermis to act as a local amplifier
of inflammatory signals, modulating immune-cell recruitment and contributing
to the persistence of cutaneous lesions [13].

The skin of patients with lupus may exhibit a state of immunologic priming
even in clinically unaffected areas. In this scenario, overexpression of IFN-x and
activation of pathways such as JAK-STAT may lower the response threshold to
environmental stimuli, particularly ultraviolet radiation [14]. The latter may in-
duce keratinocyte apoptosis, redistribution of nuclear autoantigens, and release of
nucleic acids, favoring activation of innate immunity and recruitment of inflam-
matory cells to the dermoepidermal junction [15].

Opverall, this evidence derives primarily from studies in human biopsies, cellular
models, and experimental analyses of keratinocytes; it supports local interferon-
dominated cutaneous immune activation but does not by itself demonstrate sys-

temic propagation from the skin.

2.2. Nucleic Acid Sensing and the cGAS-STING Pathway

The accumulation of nucleic acids derived from apoptotic cells constitutes a key
stimulus for activation of innate immunity. The cGAS-STING pathway detects
cytosolic DNA and promotes type I interferon production through activation of
transcription factors such as IRF3 [16] [17].

In CLE, ultraviolet radiation, keratinocyte apoptosis, and deficient clearance of
cellular debris may increase the availability of nucleosomes and other autoanti-
gens. These stimuli can activate dendritic cells, keratinocytes, and other resident
immune cells, generating an inflammatory microenvironment rich in type I and
type III interferons [18] [19].

These mechanisms provide a plausible framework to explain local amplification
of cutaneous inflammation; however, their role as a direct driver of progression

from isolated CLE to SLE remains inferred and has not been demonstrated longi-
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tudinally.

2.3. Neutrophils and Neutrophil Extracellular Trap Formation

Neutrophils contribute to lupus pathogenesis through the formation of neutrophil
extracellular traps (NETs), structures composed of DNA, histones, and antimi-
crobial peptides with immunostimulatory capacity [20]. These components can
activate plasmacytoid dendritic cells through Toll-like receptors, favor type I in-
terferon production, and contribute to immune-complex formation [21].

In the skin, NET's may amplify local inflammation by increasing the availability
of nuclear autoantigens and promoting nucleic acid-dependent innate signals.
Nevertheless, the magnitude of their specific contribution to the transition from
localized CLE to systemic disease remains uncertain.

The clinical heterogeneity of CLE is accompanied by immunologic heterogene-
ity. Molecular profiling and single-cell transcriptomic studies have identified var-
iable cellular populations and inflammatory programs in cutaneous lesions, in-
cluding activated keratinocytes, T cells, B cells, plasma cells with an interferon-
stimulated gene signature, plasmacytoid dendritic cells, and NK cells [15] [22].
These findings support the existence of cutaneous endophenotypes, but their util-
ity as a routine clinical stratification tool still requires validation.

The evidence on NETs is robust in SLE and systemic vascular damage, but their
specific contribution to progression from isolated CLE to multiorgan involvement

derives mainly from mechanistic extrapolations and indirect inferences.

2.4. Plasmacytoid Dendritic Cells and Interferon Production

Plasmacytoid dendritic cells (pDCs) constitute an important source of type I in-
terferon in lupus. In cutaneous lesions, their presence has been associated with
activation of interferon-dominated inflammatory programs and amplification of
local immune responses [22].

The functional relevance of pDCs in the skin has been supported by early ther-
apeutic studies. pDC depletion has been associated with reduced local type I in-
terferon activity and improvement in cutaneous disease activity in patients with
cutaneous lupus [23]. Likewise, BDCA2 blockade with litifilimab has shown effi-
cacy in reducing cutaneous disease activity in patients with histologically con-
firmed CLE, with or without concomitant SLE [24].

This evidence derives from human studies in cutaneous tissue and clinical trials
targeting pDC/BDCAZ2; it supports the role of these cells in local cutaneous in-
flammation but does not demonstrate that their modulation prevents systemic
progression or that causal cellular trafficking exists from the skin to internal or-

gans.

2.5. B-Cell Responses and Cutaneous Immune Organization

Affected cutaneous tissue in CLE may harbor populations of activated B cells,

memory B cells, and plasma cells. Transcriptomic studies have identified signa-
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tures associated with B-cell activation, plasmablast-like differentiation, and sys-
temic activity in subgroups of patients with CLE [25].

These findings suggest that the skin may contain locally organized immuno-
logic microenvironments capable of sustaining adaptive responses within the tis-
sue. However, the presence of B cells or plasma cells in cutaneous lesions does not
necessarily imply that the skin is the primary source of systemic autoantibodies.
It may also reflect the local imprint of an already established systemic immune
response.

The available evidence derives primarily from human transcriptomic studies in
CLE biopsies; it supports a local cutaneous adaptive response but does not allow

the conclusion that the skin directly originates systemic autoantibody production.

3. Molecular Convergence between the Skin and Target
Organs

Recent transcriptomic analyses have identified shared inflammatory programs be-
tween lupus skin and target organs such as the kidney in lupus nephritis. These
programs include interferon-stimulated genes, chemotaxis mediators, and signals
associated with activation of infiltrating immune cells.

Nevertheless, these findings require cautious interpretation. Single-cell tran-
scriptomic studies have shown that lupus skin and the kidney in lupus nephritis
may share an interferon signature, but they also show important differences in
cellular composition and in the effector profiles of infiltrating cells. Complemen-
tarily, integrative skin-kidney analyses suggest shared immunologic signatures
and possible cross-tissue biomarkers, but their results should be understood as
hypothesis-generating and not as definitive evidence of a skin-kidney causal path-
way [26] [27]. In this sense, the skin may function as an accessible window for
studying immune programs relevant to lupus, particularly those related to type I
interferon, chemokines, and adaptive activation. However, molecular similarity
between tissues does not amount to demonstration of a common origin, direct
cellular migration, or causal propagation from the skin to internal organs.

The evidence in this subsection derives from human transcriptomic studies, in-
cluding single-cell and integrative cross-tissue analyses; it supports immunobi-
ological convergence between the skin and target organs, but does not demon-

strate direct cellular trafficking or causality between compartments.

4. Cutaneous Phenotypes and Serologic Correlation

The clinical expression of cutaneous lupus erythematosus (CLE) reflects an un-
derlying biological heterogeneity that can be partially captured through the inte-
gration of clinical, histopathologic, serologic, and molecular characteristics. In this
context, the traditional classification based on the Gilliam-Sontheimer model re-
mains a useful clinical framework, distinguishing between lupus-specific and lupus-
nonspecific cutaneous lesions, as well as between acute, subacute, and chronic forms

of cutaneous disease [28].
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The Gilliam classification distinguishes lupus-specific cutaneous lesions by the
presence of interface dermatitis. Among these, chronic cutaneous lupus erythe-
matosus (CCLE), particularly its discoid variant, usually follows a predominantly
localized course; however, patients with extensive or disseminated disease, or co-
existence of multiple cutaneous subtypes, may have a higher probability of sys-
temic manifestations during follow-up [5] [29]. In contrast, subacute cutaneous
lupus erythematosus (SCLE) and acute cutaneous lupus erythematosus (ACLE)
show a closer association with systemic activity. ACLE, which typically presents
as malar erythema, usually correlates with systemic inflammatory activity and
classic biomarkers such as anti-double-stranded DNA antibodies and comple-
ment consumption [30].

The association between cutaneous phenotype and serologic profile is particu-
larly evident in SCLE, in which a high proportion of patients have anti-Ro/SSA
antibodies. Ultraviolet radiation may favor redistribution of these autoantigens to
the keratinocyte surface, facilitating immune recognition and contributing to cu-
taneous inflammation. In addition, anti-Ro/SSA antibodies have been associated
with specific clinical manifestations, including secondary Sjogren syndrome and
neonatal lupus. However, the presence of isolated autoantibodies should not be
interpreted as a sufficient predictor of systemic progression. Risk stratification re-
quires integration of the cutaneous phenotype, disease extent, coexistence of he-
matologic or immunologic abnormalities, ANA titers, complement consumption,
and the appearance of extracutaneous clinical manifestations [5] [7] [31].

From a molecular perspective, transcriptomic and single-cell studies have
shown that lupus cutaneous lesions are not immunologically homogeneous. Sub-
populations of activated keratinocytes, T cells, B cells, plasma cells with inter-
feron-stimulated gene signatures, plasmacytoid dendritic cells, and NK cells have
been identified, with variations across cutaneous subtypes and between patients
with or without systemic activity [22] [25]. These findings suggest that molecular
characterization of the skin could complement clinical stratification in the future,
although it does not yet constitute a validated tool for predicting systemic pro-
gression in routine practice.

The 2019 EULAR/ACR classification criteria incorporate cutaneous manifesta-
tions as relevant components within the diagnostic algorithm for SLE, in the con-
text of antinuclear antibody positivity as an entry criterion. Lupus-specific cuta-
neous lesions contribute significantly to the total score, highlighting their clinical
relevance in the comprehensive evaluation of patients with suspected lupus [32].
Nevertheless, there is a subgroup of patients with CLE and negative serology in
whom the disease may remain confined to the skin, and progression to SLE is less
frequent. This observation reinforces that cutaneous immune activation, although
relevant, is not sufficient by itself to drive systemic disease, and that the transition
toward a multiorgan phenotype depends on additional clinical, serologic, genetic,
and immunologic factors [33].

From a risk-stratification perspective, factors associated with progression from
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CLE to SLE can be grouped into three domains. In the clinical domain, risk ap-
pears to be higher in patients with ACLE, SCLE, extensive or generalized cutane-
ous disease, and coexistence of multiple CLE subtypes, findings consistent with
reviews and cohorts on progression from CLE to systemic disease [5] [28]-[30].
In the serologic domain, ANA positivity, high ANA titers, hematologic abnormal-
ities, complement consumption, and systemic autoantibodies, such as anti-dou-
ble-stranded DNA, increase suspicion of systemic evolution [5] [7] [31]. In the
demographic domain, younger age at diagnosis and certain skin phototypes have
been associated with higher risk in recent cohorts [7]. These factors should not be
interpreted in isolation, but rather integrated into a longitudinal assessment
aimed at identifying patients with CLE who require close rheumatologic surveil-

lance.

5. Therapeutic Implications

The management of cutaneous lupus erythematosus (CLE) should distinguish be-
tween interventions with established efficacy for controlling cutaneous disease ac-
tivity and interventions whose potential to modify systemic progression remains
hypothetical or supported by emerging evidence. In clinical practice, the primary
therapeutic goals are to control cutaneous inflammation, prevent scarring, dyspig-
mentation, and irreversible damage, reduce recurrences, and minimize prolonged
exposure to glucocorticoids. Clinical guidelines recommend strict photoprotec-
tion, smoking cessation, and the use of topical corticosteroids or calcineurin in-
hibitors as first-line therapy in localized disease; in patients with persistent, exten-
sive, scarring, or topical treatment-refractory disease, systemic therapy is indi-
cated [34]. In this context, hydroxychloroquine represents the cornerstone of sys-
temic treatment for CLE. Accumulated evidence supports its efficacy in control-
ling cutaneous disease activity, with a favorable safety profile when used at weight-
adjusted doses and with appropriate monitoring [35]. For this reason, it should be
considered standard treatment in patients with clinically significant CLE, exten-
sive disease, frequent recurrences, or insufficient response to topical therapy.

More recently, interest has emerged in its possible effect on progression from
isolated CLE to systemic lupus erythematosus (SLE). In a longitudinal cohort of
patients with isolated CLE, early initiation of hydroxychloroquine was associated
with a lower risk of progression to SLE and a lower frequency of severe forms with
organ involvement during follow-up [36]. However, this finding should be inter-
preted with caution, because this was an observational study, and indication bias,
residual confounding, and baseline differences between patients treated early and
those with delayed initiation cannot be excluded.

In contrast, the randomized trial of hydroxychloroquine in incomplete lupus
did not definitively demonstrate that the intervention prevents the accumulation
of classification criteria or transition to established SLE across all preclinical dis-
ease states [37]. Taken together, these data support a balanced interpretation: hy-

droxychloroquine has established support for cutaneous disease control, whereas
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its possible role as a modifier of the systemic disease trajectory should be consid-
ered a promising clinical hypothesis, but not a demonstrated preventive interven-
tion. The use of hydroxychloroquine should remain within a well-defined safety
framework. Dose adjustment according to actual body weight, avoidance of un-
necessary cumulative exposure, and periodic ophthalmologic monitoring are rec-
ommended, in accordance with current recommendations to reduce the risk of
retinal toxicity and other adverse events associated with chronic treatment [38].

In patients with refractory CLE, therapeutic escalation should be directed to-
ward controlling cutaneous inflammatory activity and reducing prolonged gluco-
corticoid use. Options include methotrexate, mycophenolate mofetil, dapsone,
retinoids, and thalidomide, selected according to clinical subtype, disease extent,
presence of scarring, comorbidities, teratogenic potential, and the individual
safety profile [39]. These therapies should be interpreted primarily as strategies
for cutaneous disease control; there is insufficient evidence to consider them pre-
ventive interventions for systemic progression.

The development of targeted therapies has reinforced the relevance of the type
I interferon pathway and plasmacytoid dendritic cells in lupus. Anifrolumab, a
monoclonal antibody directed against the type I interferon receptor, has demon-
strated efficacy in patients with active SLE [40]. Nevertheless, this evidence comes
from populations with established SLE, frequently with concomitant cutaneous
manifestations, and not from cohorts with isolated CLE or studies designed to
prevent systemic progression. Therefore, anifrolumab should be presented as a
targeted therapy for active SLE with potential benefit on cutaneous manifesta-
tions, but not as a validated strategy to modify the course of isolated CLE.

In parallel, the pDC/BDCA2 pathway constitutes an emerging therapeutic axis.
Litifilimab has shown efficacy in reducing cutaneous disease activity in patients
with histologically confirmed CLE, with or without concomitant SLE [24]. Recent
reviews on targeted therapies in CLE highlight that these advances open opportu-
nities for more precise medicine, although longitudinal studies are still required
to demonstrate an impact on systemic outcomes, organ damage, or modification
of the natural history of the disease [41]. In addition, another trial of litifilimab in
established SLE evaluated its effect in patients with active systemic disease, sup-
porting the relevance of this pathway in lupus, but not allowing inference of pre-
vention of progression from isolated CLE [42].

In summary, current therapeutic evidence is robust for cutaneous disease con-
trol in CLE, especially with general measures, topical treatment, and hydroxychlo-
roquine; in contrast, modification of systemic progression remains an investiga-
tional objective. Patient selection for early interventions should be based on clin-
ical and serologic stratification, longitudinal surveillance, and coordination be-

tween dermatology and rheumatology.

6. Conclusions

Cutaneous lupus erythematosus should be understood as a heterogeneous mani-
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festation within the lupus spectrum, capable of reflecting local immune activation
and, in specific subgroups, coexisting with clinical or serologic signals of systemic
disease. The skin may be considered a proposed sentinel model, useful for organ-
izing risk stratification, but not as the demonstrated origin of systemic autoim-
munity.

The interpretation of this model requires caution. CLE phenotypes are diverse
and do not necessarily share the same risk of progression; longitudinal evidence
on transition to SLE remains limited and heterogeneous; and, although shared
inflammatory signatures exist between the skin and target organs, causal cellular
trafficking from the skin to internal organs has not been demonstrated.

From a clinical perspective, the identification of patients at higher risk should
be based on the integration of cutaneous phenotype, disease extent, serologic pro-
file, hematologic abnormalities, complement, demographic variables, and longi-
tudinal follow-up. Hydroxychloroquine remains the cornerstone of systemic
treatment for CLE because of its cutaneous efficacy, whereas its possible role in
modifying systemic progression remains a non-definitive clinical hypothesis.

Opverall, the study of the skin offers an accessible pathway to improve early strat-
ification and guide interdisciplinary management. Validation of the proposed
sentinel model will require well-phenotyped prospective cohorts and studies de-
signed to determine whether early intervention modifies systemic outcomes, or-

gan damage, or disease trajectory.
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