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ABSTRACT 

In recent years of immunology, the understanding of innate immunity has deepened, and the concept of innate im-

munity has been proposed even in the area of acquired immune subjects. The conventional immunosuppressive treat-

ments have mainly controlled the step of acquired immunity. However, the involvement of innate immunity was clari-

fied for hydroxychloroquine (HCQ), which has been confirmed to be very effective for cutaneous lupus erythematosus 

(CLE). This review introduces the mechanism of development of CLE from the viewpoint of autoantibodies, cytokines, 

and innate immunity. Furthermore, the mechanism of HCQ is introduced and discussed. 
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1. Introduction 
Hydroxychloroquine sulfate (HCQ) is the world standard treat-

ment for cutaneous lupus erythematosus (CLE) and systemic LE (SLE). 
In Japan, HCQ could not be administered due to the frequent appear-
ance of severe side effects for a long time[1]. It was later discovered 
that the high frequency of severe side effects was due to the wrong 
administration method. 

The Japan Hydroxychloroquine Study Group was established 
with Drs. Furukawa F, Yokogawa N and Yamamoto K as the main 
members, and several case reports were published[2,3]. Furthermore, the 
usefulness of HCQ was confirmed in autoimmune-prone MRL/l mice 
with skin lesions[4,5]. In 2017, a multicenter, double-blind, randomized, 
parallel-group trial in Japan reported effectiveness of HCQ in patients 
with CLE[6]. About a year and a half before this publication, HCQ 
could be used in Japan for the treatment of CLE and SLE from Sep-
tember 2015, which was officially approved by the Japanese Ministry 
of Health, Labor and Welfare. Furthermore, since this drug sometimes 
causes serious side effects such as retinal degeneration, a guide for 
proper use has also been published[7]. In addition, HCQ was reported 
to be effective against the new coronavirus infection (COVID-19), so it 
attracted a lot of attention[8].  

This paper introduces clinical trials on HCQ characteristics, usage 
for CLE, clinical effects, precautions for use, side effects, etc. 
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2. Mechanism of onset of skin lupus 
erythematosus from the viewpoint of 
innate immunity 

Well-known mechanisms include the involve-
ment of antibody-dependent cellular cytotoxicity 
(ADCC) targeting SS-A/Ro antigens[9,10,11] and the 
cytokine and/or chemokine network model described 
below[12,13]. 

2.1 From the perspective of autoantibodies  

The serological feature of SLE is the presence of 
autoantibodies. It is still hard to say that the role of 
anti-DNA antibodies is elucidated in skin lesions, 
except for their involvement in renal lesions. On the 
other hand, it became clear from clinical and research 
aspects that there is a strong relationship between 
photosensitivity of subacute CLE (SCLE) and neo-
natal LE (NLE) and serum anti-SS-A/Ro antibody. It 
has become a research model for photosensitivity[9,10]. 
A typical model is ADCC, which targets SS-A/Ro 
antigens. When cultured epidermal cells derived from 
normal adult or neonatal foreskin are irradiated with 
ultraviolet light B (UVB), the antigen is translocated 
and up-regulated on the cell surface, and anti-60 kD/ 
Ro antibody and anti-52 kD/Ro antibody are bound 

to induce ADCC. A similar tendency is observed in 
cultured epidermal cells derived from patients[9]. 

The mechanism by which autoantibodies move 
into cells and bind to the corresponding antigens has 
been a problem/question, but the movement of the 
antigen due to stimuli such as UV lights (UVLs) 
causes binding[14]. It was important that the antigen 
moved to the surface, not the antibody. This pheno- 
menon is induced not only by UVLs but also by 
changes in temperature and external factors such as 
under heat shock protein induction[11] (See Figure 1). 

 
Figure 1. Ultraviolet radiation (UVR) induces antibody depend-
ent cellular cytotoxicity (ADCC) model targeting SS-A/Ro anti-
gen which is mediated by transfer necrosis factor (TNF) α from 
mast cells (10,11,14). 

2.2 From the viewpoint of cytokines 

 
Figure 2. Involvement of cytokines in CLE (Mikita's model).

Discoid LE (DLE), which is a typical disease of 
chronic CLE (CCLE), has an antinuclear antibody 

positive rate of about 50%. The rate of disease spe-
cific autoantibody is extremely low, and no ADCC is 
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observed. However, because eruptions often occur 
in sun-exposed areas and characteristic skin lesions 
from clinical and pathological features, DLE pa-
tients have a different mechanism from the patho-
genesis of acute CLE (ACLE)) in SLE patien- 
ts[15,16]. Cytokines such as TNFα and IL-12 and in-
filtrating cells have been shown to be important in 
photosensitivity. The same applies not only to D- 
LE but also to LE (mainly CCLE) that does not ha- 
ve disease-specific autoantibodies (See Figure 2). 

2.3 Involvement of innate immunity 

In recent years of immunology, the under-
standing of innate immunity has deepened, and at 
the same time, the concept of innate immunity has 
been proposed even in the area of acquired immune 
subjects[17].  

Wenzel proposed an innate immunity-acquired 
immune cycle model in CLE onset[18]. Genetic pre-
disposition including IFN regulation, antigen pre- 
sentation, and immune complex removal, first exists 
and then involvement of environmental factors such 
as UVLs, tobacco, and drugs begins to drive the 
unbalanced immune cycle. Then the loop cycle be-

gins to rotate for completion of CLE, in which sev-
eral mechanisms are involved such as innate im-
munity (IFN activation, inflammatory cytokine pro- 
duction, activation of complement system active-  
tion), acquired immunity (activation of cytotoxic 
cells, antigen presentation, autoantibody produc-
tion), histological completion of skin lesions and 
amplification of auto-reaction phenomenon (release 
of nucleic acid components, activation of keratino-
cytes, activation of pDC, etc.). 

This concept clarified and made it easier to 
understand the relationship with treatment methods 
involved in immunity. The conventional immuno-
suppressive treatments have mainly controlled the 
step of acquired immunity in systemic treatments. A 
recent paper by Sim et al.[19] has the interpretation 
from a similar new perspective. In addition, Nakajo 
Nishimura Syndrome suggests the involvement of 
autoinflammation in the development of LE-like le- 
sions[20,21,22]. 

3. Action mechanisms of hydroxy- 
chloroquine 

 
Figure 3. Possible mechanism of action of HCQ (There are some modifications by the author, from ref. 24). (1) Nucleic acids that 
are continuously present in excess are processed by dendritic cells as autoantigens. (2) IFNα overproduction mediated by TLR7, 9. (3) 
Administration of HCQ. (4) Positively charged and accumulated in lysosomes to change pH and inhibits the step 2. (5) Then it inhib-
its the immune response to self-antigens, but does not impair the response to foreign antigens, so it exhibits immunomodulatory ef-
fects without immunosuppression. 

HCQ is an old and new drug. It has a long his-
tory of use, and it is only recently that one of its 

mechanisms has been clarified from the perspective 
of immunity[23]. This drug has a wide range of ac-
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tions such as anti-inflammatory action, immunomo- 
dulatory action, antimalarial action, and antitumor 
action. Although multiple mechanisms of action ha- 
ve been proposed, basic studies of innate immunity 
have revealed an inhibitory effect on innate immune 
disorders. 

In SLE, excess apoptosis cell-derived nucleic 
acids are expected to form and stabilize immune 
complexes with autoantibodies and to be persistent- 
ly presented. They are processed by dendritic cells 
and binds to Toll-like receptors 7 and 9 in lysoso- 
mes, resulting in overproduction of IFNα. HCQ ac-
cumulates in lysosomes, changes pH, and inhibits 
Toll-like receptor-mediated IFNα production and 
dendritic cell maturation. This mechanism has no 
immunosuppressive effect and exhibits an immuno- 
modulatory effect[24] (Figure 3). HCQ is understood 
to have excellent therapeutic effects by controlling 
the first step in Wenzel cycle[18]: innate immunity, 
such as IFN activation, inflammatory cytokine pro-
duction, and complement system activation.  

4. What kind of patients are tar-
gets?  

1) For CLE patients with only localized skin 
symptoms, when topical preparations such as corti-
costeroids are inadequately effective or when the 
use of external preparations is inappropriate. 

2) For SLE patients in whom skin lesions exist 
including malaise, musculoskeletal symptoms, etc. 

(These are cited from reference 7 that was pub- 
lished for Japanese physicians) 

5. Clinical data evidence and prob-
lems of hydroxychloroquine 

For Japanese patients diagnosed with CLE 
with or without SLE, 200 to 400 mg of this drug 
(not to exceed 6.5 mg/kg in ideal body weight) is 
orally administered once daily for efficacy and safe- 
ty. As described in our previous reports[6,7], HCQ 
was found to be effective against active skin lesions. 
In SLE patients, RAPID3 (daily life activity, muscle 
or joint pain due to primary disease [VAS], severity 
due to primary disease evaluated by patients [VAS]), 
and malaise VAS were all statistically significant 
for improvement 16 weeks after administration in 

the HCQ group[6].  
According to a recent post-marketing surveil-

lance (September 7, 2015 - April 18, 2020), the ef-
ficacy rates for skin lesions in 331 patients after 16 
and 52 weeks were 41.7% and 49.9%, respectively. 
Side effects were observed in 159 cases (15.8%) out 
of 1007 cases subject to safety analysis, and serious 
side effects appeared in 17 cases (1.7%). From al-
most the same analysis, serious side effects includ-
ed 6 severe skin disorders (2 cases of erythema 
multiforme and 4 cases of toxic derma or eruption) 
and 4 cases of eye disorders (posterior capsule 
opacity, retinal pigment epithelium, retinopathy, and 
retinal pigment epithelial detachment)[25]. In terms 
of frequency of occurrence, drug eruption and rash 
are the most common, followed by diarrhea and 
other gastrointestinal symptoms. 

A systematic review by Sharma et al.[26] re-
vealed that drug eruption or rash (358 cases) was 
the most common, and hyperpigmentation of the 
skin (116 cases), pruritus (62 cases), and acute gen-
eralized exanthematous pusutulosis or -like disease 
(27 cases), Stevens-Johnson syndrome or toxic epi-
dermal necrolysis (26 cases), hair loss (12 cases), 
and stomatitis (11 cases) have been reported. The 
nomenclature of skin lesions is not always unified 
in the world. Most of the drug eruptions developed 
within 4 weeks after the start of HCQ administra-
tion and disappeared within a few weeks after dis-
continuation. It is not necessary to decrease or dis-
continue for patients with drug eruption up to 
moderate diseases that do not other organs’ prob-
lems[27,28]. 

Retinal degeneration is the most notable side 
effect of HCQ. Petri M et al. states that it is im-
portant to monitor the blood concentration of 
HCQ[29], but since the onset of retinopathy of HCQ 
involves multiple factors including genetic back-
ground such as race, and the significance of blood 
concentration, it will be investigated in the futu- 
re[30,31, 32].  

6. Trends and future prospects in 
the treatments of CLE 

Regarding HCQ, the algorithms suitable for 
Japanese or Asian people was proposed who still 
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have some restrictions on drugs to be adminis-
tered[6,33], but there are many important issues to be 
clarified such as the selection of the type of skin 
lesions for which HCQ is effective or not[2,34,35], 
effects of combination therapy[36,37] and more sensi-
tive and early diagnostic methods for retinal degen-
eration[29,30,31,32].  

On the other hand, due to the limited number 
of treatments for CLE, several new drugs are being 
developed. Some recent trials are introduced[37]. BI- 
IB059 is an antibody that targets IFN, and Anifro-
lumab is also an antibody against type I interferon 
receptor, both of which have been excellently repor- 
ted in the interim report. Iberdomide is positioned 
as an immunomodulator and exerts its medicinal 
effect by binding to cereblon (CRBN), which is a 
component of the substrate receptor[38]. With the 
launch of these new drugs, great expectations are 
placed on the wide range of treatment options. 

Appendix 
HCQ was taken up as a treatment for the pan-

demic new coronavirus in the early stages of ex-
ploring treatments. There is a background that HCQ 
also has an antiviral effect against the coronavirus 
that causes emerging infectious diseases[8]. It has 
been found to have in vitro activity against SARS- 
CoV-2 and had come to be mainly used in the Unit- 
ed States as a drug expected to be effective against 
COVID-19, but its efficacy was not determined. 
Recent papers or reports denied the usefulness of 
HCQ to COVID-19[39]. 
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