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1  |   INTRODUCTION

Lupus erythematosus (LE) is an autoimmune disease with 
diverse and complicated aetiology, including systemic 
lupus erythematosus (SLE) and cutaneous lupus erythe-
matosus (CLE). CLE is a common manifestation of SLE, 
resulting in disfiguring scars, permanent hair loss and sig-
nificant loss of quality of life for patients.1 According to 
Gilliam and Sontheimer, CLE can be subdivided into three 

categories: acute cutaneous lupus erythematosus (ACLE), 
subacute cutaneous lupus erythematosus (SCLE) and 
chronic cutaneous lupus erythematosus (CCLE).2 ACLE is 
often associated with systemic symptoms.3 Half of SCLE 
patients meet criteria for SLE, though both of ACLE and 
SCLE often have mild SLE symptoms.2 CCLE includes 
five different forms: discoid LE (DLE), verrucous/hyper-
trophic LE, LE profundus/panniculitis (LEP), LE tumi-
dus (LET) and chilblain LE (CHLE).3 DLE is the most 
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Abstract
Cutaneous lupus erythematosus (CLE) is an autoimmune disease with a broad range 
of cutaneous manifestations. In skin lesions of CLE, keratinocytes primarily undergo 
apoptosis. Interferon-κ(IFN-κ) is belonged to type I interferons (type I IFNs) and is 
selectively produced by keratinocytes. Recently, keratinocytes selectively produced 
IFN-κ is identified to be a key to trigger type I interferon responses in CLE. Other 
immune cells such as plasmacytoid dendritic cells (pDCs) are identified to be rel-
evant origin of type I interferons (type I IFNs) which are central to the development 
of CLE lesions and responsible for mediating Th1 cell activity. Other types of cells 
such as neutrophils, B cells and Th17 cells also are involved in the development of 
this disease. The close interaction of those cells composes a comprehensive and com-
plicated network in CLE. In this review, we discussed the aberrant distribution and 
function of different cells types involved in this disease and will offer a new direction 
for research and therapy in the near future.
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common manifestation of CCLE and DLE rarely presented 
with systemic manifestations,4 referring CLE can be an 
individual disease with only skin involved.5,6 In fact, clin-
ically CLE traditionally indicates CCLE and SCLE, while 
ACLE is usually included in SLE.7 The pathogenesis of 
CLE is multifactorial and incompletely understood, and 
involves UV irradiation, smoking, and genetic and sexual 
factors.8 Generally, dysfunction of the adaptive and innate 
immune system in LE results in cytokine and immune 
complex production, which cause direct tissue injury.8

The skin is the primarily affected organ in CLE.9 
Circulating lymphocytes are observed in lesional skin and 
involved in inflammatory response of skin lesions in CLE.10-

12 Keratinocytes which represent 90% of cells in epidermis 
are the major target cell in skin and participate in this pro-
cess.9 This review is going to discuss abnormal distribution 
and function of keratinocytes and immune cells in CLE skin 
lesions, supporting new advances in our understanding of the 
pathogenesis of CLE.

2  |   THE DISTRIBUTION AND 
ROLE OF KERATINOCYTES IN CLE

The epidermis consists of layers of keratinocytes, and the 
outer layer of keratinocytes is named stratum corneum which 
acts as first and outermost physical and chemical barrier 
against pathogen entry.13 Keratinocytes consisting in basal 
layer is the inner epidermic layer, and increased apoptotic 
keratinocytes are observed in this layer of CLE skin.14 
Keratinocytes are not only the first layer preventing outside 
stimulus but also the first layer mediating signals to immune 
cells located in dermis.13,15,16 Recently, increasing evidence 
demonstrates keratinocytes playing an important role in the 
pathogenesis of CLE,17-19 reminding us of new insight of ke-
ratinocytes in this disease.

2.1  |  UV-induced apoptosis

Photosensitive is a common characteristic for CLE patients, 
photosensitivity ranging from 27-100% for SCLE, 25-90% 
for DLE and 43-71% for LET.20 UV light consists germicidal 
UV light (UVC), midrange UV light (UVB) and long-wave 
UV light (UVA),21 particularly UVB can induce new skin 
lesions and exacerbate existing CLE disease.12

Keratinocytes account for major cell types in epidermis.13 
UV irradiation can cause skin damage, including keratino-
cyte apoptosis which is important for initiation, development 
and perpetuation of CLE and SLE.11-16 LE patients only with 
cutaneous lupus erythematosus have slightly higher apoptotic 
index in both of the lesional skin and non-lesional skin com-
pared with those with systemic manifestation.14 Different 

subtypes of CLE have distinct distribution pattern of apop-
totic keratinocytes.22 In DLE, apoptotic keratinocytes locate 
in basal area of lesional skin, while in SCLE lesions increased 
apoptotic keratinocytes are observed in super-basal zone.22

UV triggers apoptosis in keratinocytes through multiple 
ways. The nuclear phosphoprotein p53 is a tumour suppressor 
that associated with apoptosis, and increased p53 expression 
is observed in keratinocytes after UV irradiation.23 High level 
of p53 expression has been found in skin lesions of CLE, 
and increased p53-positive staining keratinocytes present in 
the basal layer of the epidermis and follicle.24 Keratinocytes 
bear receptor of tumour necrosis factor-α (TNF-α), TNF-α, 
which is related to cell death and increased in keratinocytes 
after UV exposure, supporting the notion that TNF-α plays 
a partial role in mediating UVB-induced apoptosis in kera-
tinocytes.25 Fas and Fas-ligand (Fas-L)–mediated apoptosis 
has been implied in the pathogenesis of CLE.26 It is reported 
that keratinocytes constitutively express Fas-L and UV irra-
diation can induce Fas and Fas-L expression; therefore, Fas 
and Fas-L participate in UV-induced keratinocyte apopto-
sis.27 Researchers found significant Fas expression in lesional 
epidermis of CLE patients, and the Fas expression possibly 
contributes to higher sensitivity towards apoptosis.28 Fas-L is 
expressed in mononuclear cells located around hair follicles 
in dermal infiltrate while not in epidermic keratinocytes.26 It 
is noteworthy that there are more Fas-L–positive cells in DLE 
skin lesions compared with SLE and SCLE, since DLE is fea-
tured by degeneration of hair follicles.26 These observations 
may support the idea that Fas-L results in tissue injure.

2.2  |  UV-induced pro-inflammatory 
cytokine production

UV induces keratinocytes to produce tumour necrosis fac-
tor-alpha (TNF-α), transforming growth factor-β (TGF-β), 
interleukin-1α/β (IL-1α/β), interleukin-6 (IL-6), interleukin-8 
(IL-8), interleukin-10 (IL-10) and interleukin-17 (IL-17).15,29-

32 TNF-α and IL-1 are primary pro-inflammatory cytokines 
produced in the inflammatory cascade.21 In SCLE, TNF-α 
shows high expression in skin lesions and it is predominantly 
produced by keratinocytes.33 UV irradiation on keratinocytes 
results in the production of TNF-α, and subsequently, TNF-α 
promotes additional inflammatory cytokines in keratinocytes 
including IL-1.12 IL-1 can induce intercellular adhesion mol-
ecule (ICAM)-1 expression, which is a adhesion molecule 
supporting leucocyte migration to the skin.15 IL-1α, one of 
the members of IL-1, works synergistically with UVB to in-
crease the production of TNF-α, demonstrating that TNF-α 
can amplify its own effect in an autocrine manner.34,35 IL-6 
is an inflammatory cytokine and is overproduced by mono-
cytes and B cells in serum of SLE patients.36 With regard 
to CLE, the upregulation of IL-6 is observed in skin lesions 
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and keratinocytes is proved to be relevant source of IL-6 pro-
duction.19 UV irradiation can induce keratinocytes to release 
IL-6.32 Notably, lupus keratinocytes from non-lesional skin 
produce more IL-6 following Toll-like receptor agonists and 
UVB stimulation; thus, IL-6 is an important trigger for skin 
lesions.19 UV irradiation significantly induces keratinocytes 
to produce inflammatory chemokines CCL5, CCL20, CCL22 
and CXCL8, among which CCL5 and CXCL8 show signifi-
cantly high expression in CLE; moreover, both of those are 
mediated by IL-1 and TNF-α.37 These identifications demon-
strate that IL-1 and TNF-α play a significant role in cutane-
ous immune network.

Impaired or delayed clearance of UV-induced apoptotic 
keratinocytes is observed in CLE.38

Defective clearance results in a release of cell debris along 
with overflow of endogenous nucleic acid (eNA) which is 
a ligand for pathogen-recognition receptors (PRRs), result-
ing in living keratinocytes at dermal-epidermal junction to 
produce CXCL10 and fuelling the inflammation.39 In con-
clusion, these identifications suggest an amplification cycle 
with the production and release of cytokines that possibly 
triggered by UV-induced apoptosis.

2.3  |  UV-induced autoantibodies

UV irradiation is responsible for autoantigens to re-localize 
to the surface of apoptotic keratinocytes.22 Autoantigens pre-
sented on surface of keratinocytes are recognized by autoan-
tibodies, resulting in the release of additional cytokines and 
skin inflammation.40 Nucleoproteins Ro/SSA and La/SSB 
can be shifted in blebs and then presented on surface of those 
cells.41 Ro52 is an E3 ubiquitin ligase with regulatory role in 
inflammation. Specific Ro52 autoantibodies can be found in 
CLE skin lesions and keratinocytes from non-lesional skin of 
CLE patients show increased Ro52 expression after UV ex-
posure, confirming UV as a triggering factor for skin lesions 
in patients with Ro52 antibodies.42 High-mobility group box 
1 (HMGB1) is kind of nuclear protein located in nuclei under 
normal conditions.43 Increased amounts of HMGB1 expres-
sion and translocation were observed in CLE skin lesions, 
and UV irradiation is able to lead HMGB1 translocation 
to the cytoplasm.43 In apoptotic or necrotic keratinocytes, 
HMGB1 is translocated to the cytoplasm and binds DNA to 
form immune complex which consequently activates plasma-
cytoid dendritic cells (pDCs) to produce type I IFNs.44

2.4  |  Type I interferons and type I IFN-
inducible proteins

Type I interferons (type I IFNs) are implicated in the 
pathogenesis of CLE.45 Skin lesions of CLE patients have 

CLE-typical interface dermatitis, and one of its features is 
type I IFN-inducible chemokine expression, particularly 
CXCL10.46 Keratinocytes produce CXCL10 in response to 
IFN-α, and CXCL10 belongs to CXCR3 ligands.47 CXCL10 
recruits type I helper cells (Th1 cells) to the lesional skin, 
subsequently initiating the Th1-biased immune activities 
that may result in keratinocytes necrosis.47,48 In general, 
pDCs that infiltrated in skin lesions are identified to be the 
source of abnormal type I IFNs in CLE.10 However, there 
is a lack of systematical evaluation in the origin of IFN in 
CLE.17

IFN-κ included in type I IFNs is selectively expressed 
by keratinocytes.49 In CLE, IL-6 is primarily produced by 
lupus keratinocytes, and enhanced IL-6 response in lupus 
keratinocytes is mediated by IFN-κ.19 Recently, Kahlenberg 
et al 17 have revealed that high level of IFN-κ expression in 
CLE lesions, and co-expression of IFN-κ and MxA was only 
seen in epidermis, suggesting epidermic IFN-κ contributes 
to type I IFN signalling. The abnormal high expression of 
IFN-κ in lupus keratinocytes prime responsiveness of ep-
ithelia to IFN-α and increase keratinocyte photosensitive 
as well as CD80 expression in pDCs.17 The utilization of 
IFN signalling inhibitor baricitinib cancels the above activ-
ities, and so does IFN-κ knocked out in keratinocytes.17 It 
has been reported that IFN-κ is a genetic risk locus for LE, 
including some associations with CLE phenotypes.50 The 
recent results of IFN-κ in lupus keratinocytes may help to 
verify the significant role of IFN-κ in the pathogenesis of 
CLE.

2.5  |  Type III interferons

Type III interferons share some commonality with type I 
interferons, especially in antiviral immunity, while they 
are different in targeted cells.51,52 IFN-λ included in type 
III IFNs is enhanced in epidermis of DLE and SCLE le-
sions, and it is mainly produced by keratinocytes.52 
Keratinocytes in response to poly(I:C) produce high level 
of IFN-λ but not IFN-α or IFN-β, indicating type III IFNs 
is the major IFNs produced by keratinocytes when fight 
against virus.52 IFN-λ mainly acts on epithelial cells, and 
researchers have found that keratinocytes in vitro exposed 
by IFN-λ1 could produce pro-inflammatory cytokines 
IL-6, IL-8, CCL3 and CXCL9.52 CXCL9 expression pos-
sibly indicates an early step involved in LE skin disease 
by supporting the recruitment of pDCs and cytotoxic T 
cells towards the epidermis, and IFN-λ–related CXCL9 
pattern is observed in CLE skin lesions.52 In turn, accu-
mulated pDCs and cytotoxic T cells produce more IFN-α 
and IFN-γ to perpetuate the immune response, indicating 
that the type III IFNs likely cooperate with the type I IFNs 
in the pathogenesis of CLE.53
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2.6  |  Exosomes derived from keratinocytes

Exosomes are one of the extracellular vesicles (EVs) which 
harbour proteins, lipid and RNAs, and they can be released 
by kinds of living cells.54 Notably, exosomes with miRNA 
loaded can be transported to target cells for intracellu-
lar communication, and keratinocytes are able to release 
such exosomes in response to environmental stimuli.55-57 
Exosomes isolated from plasma of SLE patients are able 
to promote PBMC to produce inflammatory cytokines and 
IFN-α.58 Recently, Valentina Salvi et al 59 have found that 
exosomes isolated from the plasma of SLE patients can 
activate pDCs to produce IFN-α. High level of miR-574 
is found in the exosomes derived from plasma of SLE pa-
tients, and miR-574 loaded in exosomes can be protected 
from degradation and effectively reach the endosome of 
pDCs to initiate this activation.59 Since skin is the major 
site of pDC accumulation in CLE, researchers conduct ex-
osomes derived from Hacat (an immortalized human ke-
ratinocyte cell line) to verify this interaction, finding out 
that the exosomes derived from Hacat also enriched in 
miR-574 and have ability to induce production of IFN-α 
in pDCs,59 revealing keratinocytes can regulate cutaneous 
immunity in CLE through certain exosomes.

3  |   THE DISTRIBUTION AND 
ROLE OF IMMUNE CELLS IN CLE

Cutaneous immune network includes keratinocytes, en-
dothelial cells, dermal DC, T cells and B cells and other 
immune cells.15,60 Aberrant distribution of immune cells 
is commonly found in skin lesions of CLE.7 It is known 
that type I IFNs mediated Th1-biased inflammation play 
a significant role in CLE, pDCs and Th1 cells which are 
involved in Th1-biased inflammation.47 A higher quantity 
of B cell distribution is observed in skin lesions of DLE.61 
Other immune cells such as neutrophils, Th17, Th22 and 
CTLs also have distribution in skin lesions.62 It is impor-
tant to review diverse immune cells in skin lesions in CLE, 
for it may enlighten us which type of cells plays the pre-
dominant role in CLE.

3.1  |  Plasmacytoid dendritic cells and type I 
interferons

Type I IFNs play a significant role in the pathogenesis 
of CLE.47 pDCs infiltrate in skin lesions and co-localize 
with type I IFN-inducible protein MxA, pDCs are identi-
fied to be the origin of abnormal type I IFNs in CLE.10 
A case reported that at IFN-α injection site, patients with-
out autoimmune disease show a lupus erythematosus-like 

histologic reaction in skin.63 IFN-α induced chemokines 
such as CXCL9, CXCL10 and CXCL11, all of them are 
included in CXCR3 ligands and can recruit Th1 cells and 
CD8 + T cells to the skin.47 pDCs express CXCR3 and can 
be recruited to inflamed skin in response to local IFN-α, 
subsequently fuelling the lesional inflammation by IFN-α 
production.37 pDCs express high level of L-selectin, and its 
ligand PNAd is found in dermal endothelial cells in CLE 
lesions, indicating recruitment of pDCs to inflammatory 
sites.10 Chemerin is a chemoattractant for pDCs, which 
is found upregulation in skin lesions of lupus patients.64 
In murine model, UVB irradiation induces pDC infiltra-
tion and activation in sun-exposure skin, simultaneously 
elevated chemerin is also observed in the same site, and 
chemerin expression positively correlates with pDC ac-
cumulation.64 More significantly, vulnerable to UVB ir-
radiation, LE-prone MRL/lpr mouse have dramatically 
accumulation of pDCs and chemerin,64 probably indicating 
the photosensitivity of LE patients.

3.2  |  Neutrophils and IFN-α induction

Neutrophils can form neutrophil extracellular traps (NETs) 
in response to microbial invasion, and neutrophils are as-
sociated with autoimmune disease by self-nucleic acid 
production.65 Accumulated NETs are observed in dermal-
epidermal junction of skin lesions in different subtypes of 
cutaneous lupus erythematosus.11 Notably, characterized 
by tissue damage and scarring, DLE shows more NETs 
than SCLE which without scarring.65 NETs consist of 
chromatin fibres and associated bactericidal proteins.62 In 
lesional skin of CLE, an antimicrobial peptide LL-37 is ob-
served.66 LL-37 is produced by keratinocytes while senses 
danger signals and LL-37 is associated with NETs by con-
verting self-nucleic acids molecular to TLR7/9 ligands, 
subsequently activate pDCs to produce type I IFNs.11,13 
Similarly, in lesional skin of psoriasis, anionic self-DNA 
is found complexed to LL-37, and the LL-37⁄self-DNA 
complex is able to trigger TLR9-mediated type I IFN pro-
duction in pDCs.67 Moreover, LL-37 contributes to DNA-
mediated activation of keratinocytes.68 LL-37 co-express 
with MxA in skin lesions of CLE patients, and keratino-
cytes have significant enhanced CLE-associated cytokine 
production when eNA stimulation is combined with LL-37, 
suggesting LL-37 is more than immunostimulatory on its 
own.39

3.3  |  Th1, Th2 cells and IFN-γ

Decreased Th1 cells are observed in serum of CLE pa-
tients, demonstrating skin-targeted migration of Th1 
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cells.47 It has been demonstrated that Th1 cells participate 
in the inflammation promoted by IFN-α.69 Since IFN-α 
results in CXCL10 production in keratinocytes, CXCL10 
as ligand for CXCR3 receptor is characteristic for Th1 
cells, leading Th1 cells towards lesional skin.37,69 Th1 
cells also produce IFN-γ. In one hand, IFN-γ contributes 
to skin lesion formation by mediating the downstream in-
flammatory effects, and in another hand, IFN-γ amplifies 
CXCL9, CXCL10 and CXCL11 production.70 Moreover, 
IFN-γ enhances T lymphocyte-keratinocyte adhesion by 
inducing keratinocytes to produce intracellular adhesion 
molecule 1(ICAM-1).71 CXCL10 could also be recog-
nized by Th2 cells.72 The notion that predominance of Th1 
over Th2 has been generally accepted in CLE.7 CCR5 and 
CCR3 represent Th1 cell and Th2 cell, respectively, and 
there is a higher CCR5 and lower CCR3 expression rate 
in circulating CD4 lymphocytes in CLE, which indicates 
an enhanced Th1-to-Th2 ratio in peripheral lymphocytes 
of patients with widespread active CLE skin lesions.69 
The importance of Th2 cells in CLE still needs further 
investigations.

3.4  |  Th17 cells

The contribution of Th17 cells in CLE pathogenesis re-
mains to be determined. In DLE, IL-17A, which is pro-
duced by Th17 cells, has high level in serum, while in SCLE 
the elevated level of IL-17A is not found.73 Tanasescu 
et al 73 have found that serum of the IL-17A level corre-
lates positively with the number of IL-17 + lymphocytes 
in the cutaneous inflammatory infiltrate in DLE, suggest-
ing that an important IL-17A source is IL-17A + lympho-
cytes from the skin. Lupus keratinocytes have enhanced 
ability to produce IL-6, and it has been implied that Th17 
cell activities are mediated by IL-6.19,74 Although IL-6 im-
mune staining and IL-17A immune staining are observed 
in majority of CLE cases, there is no close correlation 
observed between them.75 On the contrary, IL-17A pre-
sents IFN-α–related expression pattern in skin lesions of 
CLE patients.75 Since type I interferons are well-known in 
contribution to CLE, we are likely to confirm Th17 cells 
have a pathogenic role in CLE. However, another study 
revealed the absence of Th17 cells in DLE skin lesions.76 
More recently, a hospital-based case-control study inves-
tigated that ratio of Aryl hydrocarbon receptor (AhR), 
which is associated with autoimmune disease,77-79 is sig-
nificantly high in Th17 cells of SLE patients; moreover, 
the ratio of AhR is positively correlated with skin lesions, 
and these results demonstrated that AhR ratio may be a 
promising marker to indicate skin lesion development in 
SLE.80 Altogether, the exact effect of Th17 cells in CLE 
is still controversial.

3.5  |  B cells

It has been implied that B cells participate in CLE not only by 
antigen-presenting but also by autoantibodies and cytokine 
production.81 A higher quantity of B cells is found in both 
circulation and skin lesions in DLE.61,82 Moreover, enhanced 
B cell infiltration presents as skin lesions progress from the 
early phase without dermal scarring to the later phase with 
dermal scarring, indicating that B cells become a greater 
component of the inflammatory cell infiltrate in later DLE 
lesions.83 B cell–activating factor (BAFF) is associated with 
survival and homeostasis activities of B cells.84 Recently, 
researchers have demonstrated the upregulation of BAFF 
in skin lesions of active CLE patients, and BAFF was par-
ticularly expressed by keratinocytes in the lower epidermal 
layer in areas with the strongest inflammatory infiltrate, ke-
ratinocytes under immunostimulatory DNA motif stimula-
tion can produce BAFF.85 All of BAFF receptors (BAFF-R, 
BCMA and TACI) are only found in lymphoid cells, not in 
keratinocytes,85 adding to the importance of the interaction 
between keratinocytes and B cells or other lymphocytes in 
CLE-typical interface dermatitis.

3.6  |  Cytotoxic CD8 + T cells

Cytotoxic CD8  +  T cells (CTLs) participate in inflam-
matory infiltrate in CLE lesions,47,61 as it is proved by de-
creased CXCR5 + CD8+ T cells in the circulation of CLE 
patients.47,82 Some studies even reported that CD8 + T cells 
to be the predominant T cells in DLE skin lesions.46,86 In 
dermal-epidermal junction of the CLE lesions, CTLs that ex-
press granzyme B are observed, and granzyme B has ability 
to mediate apoptosis.87 Generally, CTLs present in CLE le-
sions and support CLE lesions through apoptosis-mediated 
molecules production. Still, the importance of CTLs in CLE 
needs further elucidation.

3.7  |  Other immune cells

Regulatory T cells (Treg) are responsible for immune sup-
presses, and Treg cells play an important role in allergies and 
autoimmune disease,88 and depletion of those cells is observed 
in some autoimmune disease.89,90 In skin lesions of CLE pa-
tients, it has been reported that reduced Foxp3  +  Treg cells 
were found and restrict to inflammation site; however, there is 
no correlation between Treg cell frequency and different sub-
types of CLE.91 Attention on Th22 cells was arising for IL-22 
production,92,93 IL-22 is a cytokine produced by Th1, Th17 
cells and innate lymphoid cells (ILCs), and IL-22 mainly af-
fects keratinocyte activities in skin, including keratinocyte 
proliferation and epidermal hyperplasia, inhibits terminal 
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differentiation of keratinocytes and promotes the production 
of antimicrobial proteins.93 IL-22 highly expresses in skin le-
sions of psoriasis patients, and it is identified to be major ori-
gin of abnormal IL-22 production.94-96 In skin lesions of DLE 
patients, researchers found significantly high Th22 percentage, 
and it is interesting that higher Th22 percentage indicates lower 
Cutaneous Lupus Erythematosus Disease Area and Severity 
Index (CLASI) score; thus, IL-22 might be a good indicator for 
tissue repair more than in inflammation.97

4  |   PREVENTION AND THERAPY

4.1  |  Prevention

UV light is the most important external risk of CLE and usage 
of sunscreen can reduce type I/III IFNs and IFN-inducible 
protein production, thus alleviating typical IFN-driven in-
flammatory response in CLE patients.98 It is critical for LE 
patients to avoid long time and over-dosage of sun exposure. 
Vitamin D reduction may occur in LE patients due to sun 
avoidance; thus, it is advisable for LE patients to supplement 
vitamin D.99 Smoking is another risk of CLE which can fuel 
CLE disease activity by promoting pro-inflammatory cy-
tokine activities.100 It is quite necessary for patients to reduce 
and drop smoking, developing a healthy lifestyle. Certain type 
of drugs may be also selected carefully, for inducing skin le-
sions, which is drug-induced cutaneous lupus erythematosus 
(DI-CLE). In a recent study, present ratio of DI-CLE in 232 
patients is 29%.101 A retrospective chart review reveals that 
88 cases developed to DI-SCLE in Denmark, and in this re-
view, proton-pump inhibitors, antihypertensives and antifun-
gals are suggested to be the most common drugs; therefore, 
it might be important for dermatologist to recognize and use 
these drugs which are associated with 'lupus-precipitating'.102

4.2  |  Established therapies

Antimalarials are still the first-line systemic therapy for 
CLE, and quinacrine, chloroquine and hydroxychloroquine 
are the three currently used antimalarials.103 In skin lesion 
treatment of lupus spectrum diseases, the combination of 
hydroxychloroquine (HCQ) and chloroquine (CQ) at a dos-
age of 100mg/day is identified to be safe and quite effec-
tive.104 HCQ shows higher overall efficacy compared with 
CQ, which is reported by a systematic review and meta-anal-
ysis.105 HCQ is superior to CQ with its greater risk of toxic 
retinopathy.106 HCQ is the preferred agent because of its ef-
ficacy and tolerability.4,107 Considering the safety, HCQ can 
be also prescribed to pregnant women.108 In a double-blinded 
randomized trial among 103 CLE patients in Japan, global 
assessment reveals greater improvements in the HCQ group 

compared with placebo group (51.4% vs 8.7%).107 HCQ 
adds its effect by accumulating in lysosomes and increasing 
the pH in lysosomes to interfere the immune response.108 It 
has been reported that HCQ significantly inhibits pDC re-
sponse to TLR9 but not to TLR7 and TLR8 to produce IFN-
α.109-111 HCQ could inhibit the pro-inflammatory cytokines 
IL-6, IL-α, IL-1β and TNF-α and blocks T cell activation 
by disrupting the T cell receptor–dependent calcium signal-
ling.112 Recently, HCQ is reported to significantly inhibit 
S100 proteins and S100 proteins which are ligands for TLR4 
are related to organ involvement in SLE. HCQ reduces S100 
proteins and then results in inhibition of TLR4 signalling, 
which may indicate the mechanism of skin lesion alleviation 
in SLE patients.113 Also, in a more recently case reported 
HCQ treatment in a 34-year-old woman with DLE, and after 
5 months of HCQ administration at a dose of 200 mg/day 
without prednisolone (PSL) dosage increased, the skin le-
sions completely resolved.114 Topical corticosteroids are the 
first-line topical therapy for skin lesions in CLE, while cor-
ticosteroids can result in skin atrophy in CLE treatment.115 
Tacrolimus, a topical calcineurin inhibitor, achieved great 
improvement in hyperkeratotic lesions of CCLE without 
major side effects.115 Topical calcineurin inhibitors could be 
a better alternative for corticosteroids.

Methotrexate, which is implied in rheumatoid arthritis 
and other autoimmunity disease, is considered as second-line 
treatment for CLE.67 It has been implied that methotrexate 
(MTX) suppresses ICAM-1 to inhibit migration of lympho-
cytes to skin in psoriatic.116 Low dosage of MTX that applied 
in LE patients demonstrates significant decrease in disease 
activities as well as improvement of skin lesions.117 Low dos-
age of MTX is quite effective in curing skin lesions in CLE 
patients, especially in those who are not response to standard 
therapeutic regimens.118 Other cases indicate MTX is effec-
tive for a 30-year-old female patient with severe SCLE refrac-
tory to therapy with antimalarials and corticosteroids, and 
after 4 months of MTX treatment at a dosage of 25mg/week, 
skin lesions completely cleared.119 However, side effects of 
MTX are also observed and are quickly resolved when MTX 
is suspended.117,119 Therefore, MTX should be selected care-
fully and monitored closely for adverse reactions.

4.3  |  Targeted therapies

In a recent clinical trial in SLE patients, IIB059, a mono-
clonal antibody, binds to blood DC antigen 2 to inhibit pro-
duction of type I IFNs, adding its effect on pDC activity. 
Administration of IIB059 in SLE patients especially those 
with cutaneous manifestations achieves significant improve-
ment of immune infiltrates in skin lesions, and CLASI score 
decreases.120 B cell–depleting therapy, rituximab, is applied 
in treating SLE.85 Rituximab presents effectiveness in certain 
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types of CLE, particularly in ACLE, SCLE or non-specific 
cutaneous lesions.121 Although in CCLE cases, Vital et al 122 
have observed that rituximab presents no effects, and some 
patients even experience flares in cutaneous disease. These 
identifications reveal that B cells possibly play a different 
role in CLE subtypes and provoke a question how B cells 
participate in the pathogenesis of CLE. Belimumab is a mon-
oclonal antibody against BAFF (B cell–activating factor) to 
inhibit B cell activation. Belimumab is applied for SLE treat-
ment by the FDA; moreover, it presents great effect in skin 
lesion treatment of SLE patients.123

Sifalimumab is an anti-IFN-α monoclonal antibody, in 
a phase IIb study of sifalimumab in SLE patients, and it 
shows only a reserved improvement in cutaneous lupus 
scores.124 IFN-γ plays a pathogenic role in CLE, and a 
phase I clinical trial is conducted to evaluate clinical ef-
ficacy of AMG 811, which is an anti-IFN-γ antibody, in 
DLE patients. Unfortunately, AMG 811 adds no signifi-
cant improvement in this clinical trial.125 Since there are 

increasing findings showing the discrepancy in lupus tri-
als, Jasmine N. et al 19 held the idea that IFN-κ plays an 
important role in CLE and perhaps the source of interferon 
in the skin (pDC/IFN-α vs. keratinocyte/IFN-κ) may pre-
dict which drug will yield a better response, in contrast to 
sifalimumab with only IFN-α blockade.124,126 Anifrolumab 
blocks type I IFN receptor, consequently leading both of 
IFN-α blockade and IFN-κ blockade, achieving signifi-
cant clinical improvement.127 Tocilizumab, an anti-IL-6 
receptor antibody, achieves improvement in decreas-
ing systemic activities as well as cutaneous manifesta-
tion.128,129 However, there is a study that shows no clinical 
improvement in CLE with IL-6 blockade.130 The poten-
tial therapeutic role of IL-6 blockade in the treatment of 
CLE remains unclear. In a trial, an anti–IL-10 monoclo-
nal antibody decreased cutaneous lesions, joint symptoms 
and SLEDAI scores of SLE subjects.131 Ustekinumab is a 
monoantibody for IL-12 and IL-23,132 and several cases 
report ustekinumab is effective in treating cutaneous 

F I G U R E  1   Different immune cell types compose the complex network in CLE and perpetuate the lesion formation. Keratinocytes produce 
pro-inflammatory cytokines in response to UV irradiation or other stimulation. These pro-inflammatory cytokines are able to recruit pDCs, other 
immune cells. Endogenous DNA released by apoptotic keratinocytes and NETs amplify the production of IFN-α in pDCs. Keratinocytes released 
exosomes also contribute to this progress. IFN-α involved in type I IFNs induces the recruitment of Th1 cells to skin and induces Th1 cells to 
produce IFN-γ. IFN-κ produced by keratinocyte prime type I IFN response and increase photosensitivity, and IFN-κ can regulate IL-6, through 
that way may contribute to IL-17 production by Th17 cells. UV, ultraviolet; pDCs, plasmacytoid dendritic cells; IFN, interferon; NETs, neutrophil 
extracellular traps
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manifestation.132-135 Spleen tyrosine kinase (SYK) is a 
protein kinase involved in cell proliferation and regulation 
of inflammatory pathways, and significant expression of 
phosphorylated SYK (pSYK) is observed in keratinocytes 
of CLE skin.136 GSK143, a SYK inhibitor, is utilized in 
keratinocytes with synthetic immunostimulatory nucleic 
acid poly(I:C) and poly(dA:dT) stimulation, and GSK143 
significantly inhibits keratinocytes to produce pro-inflam-
matory cytokines that are induced by type I IFNs,136 indi-
cating that pSYK may be a promising drug target for CLE 
treatment. Accordingly, phase I clinical trial of SYK in-
hibitor (GSK2646264) in CLE is now carrying on, and an 
oral SYK inhibitor lanraplenib (GS-9876) is being tested 
in parallel with filgotinib in a phase II study in female pa-
tients with moderate-to-severe CLE.137

5  |   CONCLUSIONS

CLE usually presents as one of the manifestations of SLE 
patients; however, there are also a proportion of SLE pa-
tients present without cutaneous manifestations.3 About 18% 
of CLE patients in a study are reported to progress to SLE 
during observation period.138 While there are still some CLE 
cases never develop to SLE, indicating there is no clear line 
between these two entities and they preserve some differ-
ences in the pathogenesis of skin damage.3

A set of distinct differences are presented between ACLE 
(CLE-associated SLE) and DLE (the most common of CCLE 
and rarely progress to SLE) in clinical features, histopathol-
ogy and serologic autoantibodies.7 Skin-deposited IgG is a 
critical pathologic factor in the development of skin damage 
in SLE.139 With regard to CLE, skin lesions present as in-
terface dermatitis which is dominated by type I and III in-
terferons regulated pro-inflammatory cytokines.137 It is now 
believed that CLE without systemic manifestations likely to 
be an individual disease and it is important to revolutionize 
our understanding of the pathological mechanisms underly-
ing this disease. The following factors are required for the 
development of CLE: (a) UV irradiation induces keratinocyte 
apoptosis and altered cytokine release; (b) autoantibodies 
bind to autoantigens located in apoptotic keratinocytes; (c) 
and recruitment of lymphocytes to perpetuate the cutaneous 
immune response (Figure 1).

There are raising evidences that keratinocytes are not just 
apoptotic cells in CLE, and therapy that mainly target IFN-κ 
receives significant clinical improvement. In conclusion, 
these observations may enlighten us a new direction for CLE 
research.
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