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ABSTRACT  
 
Cutaneous Lupus Erythematosus (CLE) is a chronic autoimmune disease that includes 
heterogenous cutaneous manifestations and can be presented as an individual disease or 
as a manifestation of Systemic Lupus Erythematosus (SLE).  CLE pathogenesis is 
multifactorial and involves genetic predisposition, environmental factors and immune 
response abnormalities. However,  etiology of CLE  still remains unknown as well as the 
complete pathological and molecular mechanisms of CLE subtypes:  Subacute Cutaneous 
Lupus Erythematosus (SCLE) and Discoid Lupus Erythematosus (DLE)  which are the 
most prevalent forms, and despite sharing histological similarities, clinically they differ in 
their course and prognosis, suggesting different pathogenesis. The fact that the 
mechanisms in CLE pathogenesis are currently unknown,  implies that therapeutic options 
for this condition do not include approved specific drugs and need to be empirically 
determined for individual patients. Thalidomide, is an highly effective drug for CLE, 
showing clinical efficacy that ranges between 80-90%. However its use is restricted due 
to its important side effects such as teratogenicity and peripheral neuropathy. Therefore, 
an enhanced understanding of the molecular and genetic basis of the disease as well as 
thalidomide mechanism of action is a requirement to improve the search for novel 
therapeutic targets.    
 
In this project, the chapter 1 has been focused in exploring the role of miRNAs in CLE. 
MicroRNAs,  are small noncoding RNAs that regulate numerous cellular processes in 
normal physiological conditions and in disease they may be deregulated, promoting 
aberrant gene expression.   By performing a microarray in CLE lesional skin and non-
lesional skin from paired patients we have found that the DLE subtype presents a specific 
miRNA signature compared with SCLE. miR-31 and miR-485-3p have been identified as 
a miRNAs upregulated in DLE lesional skin and their role has been examined by in vitro 
experiments: miR-31 promotes NF-κB dependent epidermal inflammation and apoptosis, 
whereas miR-485-3p promotes T cell activation and fibrosis. Next, focusing on the 
common deregulated miRNAs in CLE (including both DLE and SCLE) we have found that 
miR-885-5p is downregulated and it promotes epidermal proliferation and also 
inflammation through PSMB5 and posterior NF-κB upregulation, and immune recruitment 
through TRAF1.   
 
Next on chapter 2, the role of thalidomide has been examined by performing RNA 
sequencing in skin biopsies from paired patients before and after receiving thalidomide 
treatment together with system biology analysis and we have found that it may act by 
modulating de acts via two CRBN-CRL4A dependent pathways: IRF4/NF-κB and 
AMPK1/mTOR, 
 
Finally on chapter 3, microRNA expression has been examined after thalidomide and we 
have found that miR-31 and miR-885-5p, keratinocyte derived microRNAs that regulate 
NF-κB are modulated in both skin from responder patients treated with thalidomide and in 
vitro with primary cells treated with thalidomide.  
 
Taken together, our findings provide insights into molecular pathogenetic mechanism in 
CLE and in DLE subtype, as well as molecular mechanism of action of thalidomide in CLE. 
Novel therapeutic targets have been identified such as the discovered miRNAs or the 
molecular pathways affected by thalidomide. Moreover, both miRNAs and thalidomide 
affect NF-κB pathway, highlighting that this pathway is crucial in CLE and support the 
further study of NF-κB signaling as novel a therapeutic target for CLE.  
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RESUMEN 
 
El lupus eritematoso cutáneo (LEC) es una enfermedad autoinmune crónica que incluye 
manifestaciones heterogéneas y puede presentarse como una entidad individual o como 
una manifestación de lupus eritematoso sistémico (LES).  La patogénesis del LEC es 
multifactorial e intervienen la predisposición genética, los factores ambientales y las 
anomalías de la respuesta inmune. Sin embargo, la etiología del LEC sigue siendo 
desconocida, así como los mecanismos patológicos y moleculares completos de sus 
subtipos más prevalentes:  Lupus Eritematoso Cutáneo Subagudo (LSA) y Lupus 
Eritematoso Discoide (LED) que pesar de compartir similitudes histológicas, clínicamente 
difieren en su curso y pronóstico, lo que sugiere una patogénesis diferente. El hecho de 
que los mecanismos en la patogénesis del LEC sean actualmente desconocidos, implica 
que las opciones terapéuticas para esta afección no incluyan fármacos específicos 
aprobados y deban determinarse empíricamente para cada paciente. La talidomida, es 
un fármaco muy eficaz para el LEC, con una eficacia clínica que oscila entre el 80-90%. 
Sin embargo, su uso está restringido debido a sus importantes efectos secundarios, como 
la teratogenicidad y la neuropatía periférica. Es necesario conocer mejor las bases 
moleculares y genéticas del LEC, así como el mecanismo de acción de la talidomida, para 
la identificación de nuevas dianas terapéuticas.    
 
En este proyecto, el capítulo 1 se ha centrado en explorar el papel de los miRNAs en el 
LEC. Los microRNAs, son pequeños RNAs no codificantes que regulan numerosos 
procesos celulares en condiciones fisiológicas normales y pueden estar desregulados, 
promoviendo una expresión génica aberrante.   Mediante la realización de un microarray 
en la piel lesional y no lesional de pacientes con LEC, se ha hallado que el Lupus Discoide 
presenta un perfil específico de miRNAs en comparación con el Lupus Subagudo. El miR-
31 y miR-485-3p han sido identificados como miRNAs regulados al alza en la piel lesional 
del LEC y su papel ha sido examinado mediante experimentos in vitro: el miR-31 
promueve la inflamación epidérmica dependiente de NF-κB y la apoptosis, mientras que 
miR-485-3p promueve la activación de las células T y la fibrosis. A continuación, 
centrándonos en los miRNAs comúnmente desregulados en el LEC (incluyendo tanto el 
LED como el LSA), el miR-885-5p está desregulado y promueve la proliferación 
epidérmica y también la inflamación a través de PSMB5 y la posterior regulación de NF-
κB, y el reclutamiento de leucocitos a través de TRAF1.   
 
A continuación, en el capítulo 2, se ha examinado el papel de la talidomida realizando la 
secuenciación de ARN en biopsias de piel de pacientes pre y post  tratados con talidomida 
junto con un análisis de biología de sistemas y se ha descubierto que actúa modulando 
dos vías dependientes de CRBN-CRL4A: IRF4/NF-κB y AMPK1/mTOR, 
 
Por último, en el capítulo 3, se ha examinado la relación de la talidomida con los microARN 
de interés y hemos descubierto que el miR-31 y miR-885-5p, que regulan el NF-κB, están 
modulados tanto en la piel de pacientes respondedores tratados con talidomida como in 
vitro con queratinocitos primarios tratados con talidomida.  
 
En conjunto, nuestros hallazgos proporcionan información sobre el mecanismo 
patogénico molecular en el LEC y en el subtipo de LED, así como el mecanismo molecular 
de acción de la talidomida en el LEC. Se han identificado nuevas dianas terapéuticas, 
como los miRNAs descubiertos o las vías moleculares afectadas por la talidomida. 
Además, tanto los miRNAs como la talidomida afectan a la vía del NF-κB, destacando que 
esta vía es crucial en el LEC y apoyando el estudio de la señalización del NF-κB como 
nueva diana terapéutica para el LEC. 
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1. Introduction 
 

1.1 The Structure and Function of Skin 
 

1.1.1 Skin definition and function 
 
Skin is the largest organ of the human body with a surface that measures around 1.5-2m2, 

a thickness of 0.5-4 mm and weights approximately the 15 percent of total body weight in 

adults [1] (Fig 1). It provides an effective barrier between the organism and the environment 

[2,3] .   

 
Figure 1. A whole slide image of hematoxylin and eosin staining in human skin. Modified from 

Kleczek et al. [4] 
 

The skin main function is to act as a protective barrier against infection and mechanical 

and chemical injuries.   

 

Other important functions include [5,6] 

Maintenance of hydrolytic balance: It helps reducing water loss with the water-

impermeable stratum corneum.  

• Photoprotection: Skin pigment melanin protects the body from damage caused by 

UV (Ultraviolet) radiation caused by sun exposure. 

• Sensory perception: Skin is enriched with free nerve endings and end corpuscles. 

• Thermoregulation: Regulation of heat loss is achieved by vasodilatation and 

vasoconstriction and by the sweat produced by eccrine sweat glands. 

• Vitamin D synthesis: The epidermis is the major source of vitamin D for the body. 

It contributes to bone formation, calcium metabolism, and immune regulation. 

• Immunologic surveillance: Skin is infiltrated by immune cells that initiate immune 

responses against pathogens. Also, cells that are present in the skin are able to 
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secrete anti-microbial peptides that are active against a variety of bacteria, viruses 

and fungi and the sweat-derived peptide dermcidin has been shown to have potent 

anti-microbial activity.  

• Self-regeneration: Skin has a regenerative capacity that is of vital importance in 

case of burns and trauma. It has a vast reserve of stem and progenitor cells that 

are able to repair wounds and the injured body surface.   

 

 

1.1.2 Skin structure and cell types 
 
The skin consists of three separated but functionally dependent layers, from the outermost 

to the innermost are the following: epidermis, dermis, and hypodermis (Fig 2).  

 
 

 
Figure 2: Schematic illustration of the anatomy of the skin. . From Ramadon et al. [7]. 

 
 
Epidermis: It is the most superficial skin layer. Cells that compose the epidermis are 

mainly keratinocytes (KCs) (95%), but also melanocytes, Langerhans cells (LCs) and 

Merkel cells are present [8].  

 

Depending on the keratinocyte stage differentiation, the epidermis is organised in five 

distinct cell levels from the deepest layer to the most superficial are: the stratum basale, 

stratum spinosum, stratum granulosum, stratum lucidum and stratum corneum [9] (Fig 3) 

. In the stratum basale, keratinocytes have a high proliferative capacity, and cells are 

continuously proliferating and continue with differentiation by ascending up to the next 

stratums. When keratinocytes reach the last step of their differentiation convert into cells 

named corneocytes that are devoid of their nucleus and almost all their water content. 
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Corneocytes are dead skin cells filled with the tough protein keratin and form the stratum 

corneum and function as the main element of the skin barrier [10]. In this stratum there 

are lipid components that integrate between corneocytes to prevent dehydration [11] . It 

takes around 30 days for a new keratinocyte cell to move up through the epidermis 

stratums and achieve terminal differentiation state [12].  Keratinocytes are connected by 

desmosomes that provide cell-to-cell adhesion and help linking cell surface proteins to 

intracellular keratin cytoskeletal filaments [13]. These junctions are crucial for the correct 

functioning of the skin, and they anchor the cells to each other to maintain skin integrity 

[14].  

 

 
Figure 3: Schematic representation of epidermis layer of human skin. From Ramadon et al. [7]. 

 

Keratinocytes also participate in immunity as they can distinguish pathogens due to 

recognition of pathogen-associated molecular patterns (PAMPs) [15]. As a result, they 

secrete antimicrobial peptides, Interleukins (IL)-1, IL-6, IL-10, IL-12, IL-17, IL-18, IL-22, 

tumor necrosis factor alpha (TNFα), major histocompatibility complex (MHC) class I and II 

glycoproteins, and chemokines such as CXCL1, CXCL8, CXCL9, CXCL10, CCL11 and 

CXCL20 that promote immune cell recruitment [16-18]. The secreted inflammatory 

effectors trigger dermal immune responses.  
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Melanocytes are cells derived from the neural crest and they are found in the basal layer 

of the epidermis. They are in contact with keratinocytes through cytoplasmic extensions 

known as dendrites [19]. Melanin is synthetised in their subcellular organelles called 

melanosomes. The melanosomes are organised in a cap that protects keratinocytes from 

the harmful ultraviolet radiation [20].  

 

LCs are bone marrow derived antigen presenting cells that provide a state of immune 

tolerance and in case of infection or skin damage, activate effector T cells [21]. LCs are 

found in the basal, spinous and granular epidermal layers of the epidermis [22].   

 

Merkel cells are specialised cells located in the basal layer of the epidermis with 

neuroendocrine and sensory functions as they membrane interacts with nerve endings in 

the skin and are specialised in the perception of light touch [23].  

 

The zone between the epidermis and the dermis is called the dermal-epidermal junction 

and it is composed by macromolecules that unite the keratin intermediate filaments of the 

basal keratinocytes with the collagen fibers of the superficial dermis [24]. The junction 

maintains the epidermal-dermal adherence and gives mechanical support to the 

epidermis.  

 
Dermis:  It is the middle layer of the skin located below epidermis and above the 

hypodermis. It is 0.5-5 mm thick and composed of collagen, elastin, salts, water, and a gel 

of glycosamin proteoglycans that provide density to the dermal layer of the skin [25]. It has 

two layers: the most superficial is the papillary dermis and the deepest is called reticular 

dermis. The dermis sustains and supports the epidermis and has thermoregulatory, 

sensitive and immunological functions. Fibroblasts are the predominant cells and control 

the production and maintenance of the structural components of the dermis such as 

procollagen and elastic fibers [26]. Procollagen is cleaved by N and C proteinases into 

collagen that forms the 70% of the dermis. The predominant types are collagen I and III 

[27]. Collagen provides structure and support to mechanical forces. The elastic fibers are 

responsible of the flexibility and elasticity.  

 

The dermis presents a complex organization, as there are present blood and lymphatic 

vessels, nerves, sweat and sebaceous glands and hair follicles. It has also numerous 

immune cell populations such as Dendritic Cells (DCs), CD4+ T lymphocytes, γδ T 
lymphocytes, natural killer (NK) T cells, mast cells and macrophages [28] (Fig 4).  

Dermal fibroblasts are crucially involved in the skin wound healing process; however, 
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increased fibroblast proliferation and deposition of extracellular matrix components may 

lead to fibrosis [29].    

 

 
Figure 4: Schematic representation of the cell types present in epidermal and dermal layers 
of human skin. From Nestle et al. [30].	
 

 
Hypodermis: It is the deepest skin layer and lies under the dermis. It consists mainly of 

fat-storing cells called adipocytes, but also contains fibroblasts, connective tissue, larger 

nerves, blood vessels, and macrophages [31]. Its function is to store energy supply. In 

addition, it allows mobility over underlaying structures. In non-obese subjects, about 80% 

of all body fat is located within the hypodermis [32]. Drugs can be administrated 

subcutaneously in hypodermis as it is vascularised and that allows an effective drug 

absorption and rapid onset of action [33]. 

1.2 Cutaneous Lupus Erythematosus 
 

1.2.1 CLE definition 
 

Cutaneous Lupus erythematosus (CLE) is an autoimmune chronic disease that includes 

a broad range of dermatologic manifestations and usually follows a relapsing-remitting 
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course. It can be presented as an individual disease affecting skin or as a clinical 

manifestation within the spectrum of systemic lupus erythematosus (SLE).   

 

1.2.2 CLE Types and classification 
 

According to the classification developed by James N. Gilliam and R.D. Sontheimer in 

1981, the manifestations of CLE can be divided into two types: Lupus Erythematosus (LE)-

specific and LE-nonspecific lesions [34] (Fig 5). LE specific manifestations include 

symptoms that are not seen in other disorders and are highly characteristic of CLE. On 

the other hand, LE-nonspecific manifestations are skin lesions that are associated with 

lupus but not exclusive and may be found in patients with active SLE but also in other 

autoimmune diseases.  

 
 
 

 
Figure 5. Cutaneous Lupus Erythematosus (CLE) classification according to Gilliam and 

Sontheimer [34] 
 
 
 
 
 

1.2.2.1 LE-specific lesions 
 

LE-specific lesions can be classified into three subgroups: Acute Cutaneous Lupus 

Erythematosus (ACLE), Subacute Cutaneous Lupus Erythematosus (SCLE) and Chronic 

cutaneous Lupus Erythematosus (CCLE) (Fig 5). An alternative classification has been 

Acute CLE  
(ACLE) 

Subacute CLE 
(SCLE)  

Chronic CLE 
(CCLE)  Other 

• Facial 
• Photodistributed 
• Widespread 
 

• Annular  
• Papulosquamous 
• Drug-induced 

SCLE 
 

• Discoid (DLE) 
oLocalised 
oWidespread 

• LE Verrucous 
• LE Tumidus 
• Chilblain Lupus 
• Lupus Profundus 
 

• Bullous 
CLE 

• Rowell’s 
syndrome 

Associated with 
systemic organ 
involvement or 
other autoimmune 
diseases.   
(see Table 1) 

Non-specific LE lesions LE specific lesions 

Cutaneous lupus erythematosus (CLE) 
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proposed with a novel subgroup: Intermittent Cutaneous Lupus Erythematosus that 

includes Lupus Erythematosus Tumidus (LET) [35]. 

 

- Acute Cutaneous Lupus Erythematosus (ACLE): ACLE has a very close association 

with systemic lupus disease [36]. There are localised and generalised forms of ACLE. The 

localised form is the frequently described malar, or “butterfly” rash, which refers to 

erythema that occurs over both cheeks, extends over the nasal bridge, and spares the 

nasolabial folds (Fig 6a). These lesions are classically transient, sun-induced, and non-

scarring, although dyspigmentation can occur. Malar rashes have been reported to be 

present in up to 52% of SLE patients at the time of diagnosis, with clinical activity of the 

rash paralleling that of the systemic disease [37]. The generalised form of ACLE is rarely 

observed and this form occurs above and below the neck and has been referred to as a 

‘maculopapular rash of lupus’ or ‘photosensitive lupus dermatitis. In addition, it may occur 

with prolonged generalised organ disease activity [38].  
	

Figure 6. a) Patients with ACLE typically have a butterfly rash on the face. b) Skin samples from 
these patients histologically show moderate interface dermatitis with some infiltrating neutrophils 
(magnification ×100). Modified from Wenzel et al. [39]. 	
 

Histologically, ACLE lesions show liquefactive degeneration of the basal layer, oedema of 

the upper dermis, and a scattered interface, perivascular, and periadnexal lymphocytic 

infiltrate, all of which are generally less pronounced as compared to other CLE subtypes 

(Fig 6b) . Immunologically, positive Antinuclear Antibodies (ANA) are found in 95% of 

ACLE patients, as well as a high incidence of anti-double strand (Anti-ds)DNA and anti-

Smith (Anti-Sm) antibodies. Lesional direct immunofluorescence reveals granular immune 

deposits at the dermal-epidermal junction and perivascular deposits in the upper dermis, 

most commonly Immunoglobulin (Ig)-M [40].  

 

-Subacute Cutaneous Lupus Erythematosus (SCLE): SCLE occurs primarily in young 

to middle aged women. SCLE is highly photosensitive, with 70-90% of patients having and 

a) b) 
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abnormal photosensitivity after sun exposition. The lesions are frequently found in the 

following sun-exposed areas: neck, upper thorax (‘V’ distribution), upper back, and the 

extensor surfaces of arms and forearms, and hands, however the face and the scalp are 

frequently unaffected [41]. The initial SCLE presentation consists of erythematosus 

macules that turn into extended annular polycyclic plaques, papulosquamous psoriasic-

like lesions or combination of both [42]. The annular type is characterised by scaly annular 

erythematous plaques, which tend to coalesce and produce a polycyclic array. The 

papulosquamous variant can resemble eczema or psoriasis, as well as pityriasis 

occasionally. The cutaneous lesions, even though being sizeable, are not indurated and 

heal without scarring, although hypopigmentation may occur (Fig 7a). 

 

A high proportion SCLE patients present anti-SSA/Ro (70–80%) and anti-SSB/La 

antibodies (30–40%). In addition, the presence of anti-SSA/Ro antibodies has been 

associated with SCLE photosensitivity [43]. An estimated 50% of SCLE patients will meet 

criteria for SLE. Studies found that 70-80% of SCLE patients had ANA positive, but with 

low prevalence (5%) of anti-dsDNA [44].  SCLE has been found to be frequently 

associated with the existence of human lymphocyte antigen (HLA)-DR3 [45].  

 

Some drugs have been considered triggering factors of SCLE (drug induced (DI)-SCLE). 

Commonly used drugs that have been associated with SCLE are angiotensin-converting 

enzyme inhibitors, anticonvulsants, beta-blockers, and immune modulators, including 

TNFα inhibitors. There have been case reports of the development of SCLE in 

malignancies that could be associated to the new check-point inhibitors, mainly. These 

medications unmask SCLE in immunogenetically susceptible individuals, probably via 

photosensitizing mechanisms [46].  

 

Figure 7. a) Non- scarring erythematosquamous lesions in sun- exposed skin are a typical feature 
of SCLE. b) SCLE presents histologically as mild interface dermatitis (magnification ×100). Modified 
from Wenzel et al. [39]. 
 

a) b) 
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Histologic examination of SCLE lesions demonstrates hydropic degeneration of the basal 

keratinocytes, dermal oedema, hyperkeratosis, follicular plugging, and a sparse superficial 

and deep inflammatory infiltrate predominantly lymphocytic [37] (Fig 7b). The density and 

depth of the inflammatory infiltrate are less accentuated and less restricted to periadnexal, 

and perivascular regions compared with other CCLE subtype such as DLE. Also, the 

presence of follicular plugging and hyperkeratosis are significantly less pronounced than 

in DLE. The presence of “dust-like particles” representing IgG deposits on direct 

immunofluorescence (DIF) is a highly specific but not sensitive finding in SCLE  [47].  

 

- Chronic Cutaneous Lupus Erythematosus (CCLE): CCLE is the most severe skin 

manifestation of Lupus. Chronic cutaneous lupus includes discoid LE (DLE), 

hypertrophic/verrucous LE, LE profundus (LEP), chilblain LE (CHLE), and LE tumidus 

(LET). 

 

   DLE: Discoid lesions are the most common lesions of CCLE and DLE represents 50-

98% of the CCLE cases [48]. DLE occurs more frequently in women in their fourth and fifth 

decade of life. It is characterised by inflammatory, scarring lesions, mainly involving the 

head or neck, but also elsewhere, mostly on the photoexposed areas. DLE may be 

localised or generalised [49]. Localised DLE commonly involves the head and neck, and 

particularly the scalp and ears. However, generalised DLE, which occurs both above and 

below the neck, is less common and typically involves the extensor forearms and hands 

[50]. DLE can occur on mucosal surfaces, including lips, and oral, nasal, and genital 

mucosa. 

 

Clinically DLE is presented as erythematous macule or papules, well-demarcated, scaly 

and with follicular plugging, which progressively develops into an indurated discoid (coin-

shaped) plaque with an adherent scale. The extension into the hair follicle, results in 

scarring alopecia. Over time, lesions become atrophic and scarring, with central 

hypopigmentation, peripheral hyperpigmentation and telangiectasias [51]  (Fig 8a). Around 

half of DLE patients will develop significant skin scarring and scarring alopecia is present 

in one-third of DLE patients.  

 

Serologically, DLE patients have a lower incidence of ANA, anti-dsDNA, anti-Sm, anti-U1 

Ribonucleoprotein (RNP), and anti- SSA/Ro antibodies, as compared to other CLE 
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subtypes [52]. Patients with DLE can progress to a SLE through their disease course, 

although the rates are low (5-18%) [53]. 
 

Histologically long-standing DLE lesions reveal hyperkeratosis, dilated compact keratin-

filled follicles, vacuolar degeneration of the basal keratinocytes, and an intensely 

predominantly lymphocytic infiltrate along the dermal-epidermal junction, around the fair 

follicles and eccrine ducts, in an interstitial pattern (Fig 8b) [54].   

 
Figure 8. a) DLE lesions begin as well-demarcated erythematous macules or papules with a scaly 
surface, and frequently evolve into larger coin-shaped plaques.  b) Histological samples show 
dense perifollicular and perivascular infiltrates combined with interface dermatitis and follicular 
plugging (magnification ×50). Modified from Wenzel et al. [39]. 
 

The evolutionary phases of DLE are also observed at the histological level:  

-  In the active phase, the histology shows keratinocyte necrosis/apoptosis, periadnexal 

and perivascular lymphocytic infiltrate under an interface dermatitis, hyperkeratosis 

orthokeratosis, edema of papillary dermis and vessels dilatation, erythrocytes 

extravasation in the superficial dermis, initial atrophy, melanophages in the papillary 

dermis and an impressive deposit of mucin among the collagen fibers [55]. Follicular 

hyperkeratosis is a characteristic picture. In this phase, thickening of the basement 

membrane may be highlighted with periodic acid-Schiff (PAS) straining [56]. 
Immunofluorescence may be positive for immunoglobulin (IgM, IgG and IgA) and 

complement at the dermo-epidermal junction and around hair follicles.  

 

- In later phases, the histology shows a reduction in basal vacuolar degeneration, edema 

and lymphocyte infiltrate and is characterised by epidermal and adnexal atrophy, dermal 

fibrosis, vessels dilatation and presence of melanophages corresponding to the clinical 

scarring aspects [57].  

 

 

a) b) 
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Other CCLE variants include (Fig 9):  

 

- Hypertrophic or verrucous LE: It is a distinct form of chronic cutaneous (discoid) 

lupus, which is characterised by hyperkeratotic plaques that typically are observed 

over sun-exposed areas (frequently face, extensor surfaces of forearms arms, and 

upper trunk). Lesions vary from squamous violet, painful papules and blackish 

hyperkeratotic ulcers to depigmented atrophic plaques on the back, hyperkeratotic 

papules on upper extremities, and disseminated keratoacanthoma-like 

papulonodular verrucous lesions. Classic discoid lesions and squamous cell 

carcinoma may be associated [58]. 
- Lupus Erythematosus Profundus (LEP) or panniculitis, is characterised by 

painful firm subcutaneous nodules in areas of increased fat deposition, such as the 

upper arms and legs, face, and breasts [59]. LEP tends to have a chronic course, 

characterised by remission and flares, and ultimately leaving atrophic scars and 

loss of subcutaneous fat. Histology shows lobular panniculitis with a dense 

lymphocytic infiltrate.  

- Chilblain lupus erythematosus (ChLE). It is a rare form of CCLE that resembles 

frostbite. Lesions are painful, violaceous plaques and nodules in cold-exposed 

areas. Central erosions or ulcerations may occur on acral surfaces, such as fingers, 

toes, heels, nose, and ears. Pathology shows epidermal atrophy, interface 

vacuolization, and a perivascular mononuclear infiltrate [60]. 

- Lupus Erythematosus Tumidus (LET) is a very sensitive form of CCLE with 

lesions appearing in sun-exposed areas: face, arms, back, V-area of the neck and 

shoulders. The swollen aspect and the red color are the mainly traits of LET lesions 

[61]. Histologically is characterised by large clusters of plasmacytoid dendritic cells 

(pDCs) and mucin deposition [62].  

 

 
Figure 9. Chronic Cutaneous lupus has different subsets, the most common is Discoid Lupus 
however other skin affections are seen such as verrucous CCLE, Lupus Profundus, Chilblain 
LE  and Lupus Tumidus. 
 

Lupus Tumidus Lupus Profundus Verrrucous LE Chilblain LE 
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Other forms of LE-specific lesions include bullous acute lupus erythematosus 

(characterised by subepidermal bullae) and Rowell syndrome (with erythema multiforme- 

like target lesions). 

 

1.2.2.2 LE non-specific lesions 
 

The LE non-specific lesions are skin lesions that are associated with lupus but are not 

specific from the lupus disease. Identical lesions can be seen in other diseases. They are 

strongly associated with SLE [63].  Table 1 includes all the described non-specific LE 

lesions in which the most common types are: cutaneous vasculitis, livedo reticularis, 

alopecia and Raynaud phenomenon. 

 

Non-specific LE skin lesions 

Cutaneous vascular disease 
Vasculitis 

- Leukocytoclastic 
                   Palpable purpura 
                   Urticarial vasculitis 

- Periarteritis nodosa-like 
cutaneous lesions 

Vasculopathy 
- Degos' disease-like lesions 
- Secondary atrophie blanche 

(livedoid vasculitis, livedo 
vasculitis) 

Periungual telangiectasia 
Livedo reticularis 
Thrombophlebitis 
Raynaud's phenomenon 
Erythromelalgia (erythermalgia) 

Nonscarring alopecia 

"Lupus hair" 

Telogen effluvium 

Alopecia areata 

Other cutaneous manifestations 
Sclerodactyly 

Rheumatoid nodules 

Calcinosis cutis 

LE-nonspecific bullous lesions 

Urticaria 

Papulonodular mucinosis 

Cutis laxa/anetoderma 

Acanthosis nigricans (type B insulin 

resistance) 

Erythema multiforme 

Leg ulcers 

Lichen planus 

 Table 1. Non-specific LE skin lesions. 

 
1.2.2 CLE epidemiology 

 
Only few studies have evaluated the prevalence and incidence of CLE showing 

consistency between the different studied populations.  
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Incidence: According to the different studies, the overall CLE incidence ranges from 2.7 

to 4.3 per 100.000. In United States, Jarukitsopa et al. [64] described that the incidence 

of CLE was 4.2 per 100,000; (95% confidence interval [CI] 3.1, 5.2, p= 0.10).  They also 

found that CLE was three times higher than SLE in males (2.4 versus 0.8 per 100,000, 

p=0.009) and that the prevalence of CLE and SLE in women were similar, but the CLE 

prevalence was higher in men than in women (56.9 versus 1.6 per 100,000, p<0.001). 

Durosaro et al [65] , found that in Minnesota (USA), the CLE incidence rate was 4.30 per 

100.000 (95% CI, 3.62–4.98). In Sweden, Grödnhagen et al. [66] described that the 

average annual incidence of CLE in Sweden 2005-2007 was 4.0 per 100,000 (95 % CI 

3.9-4.2). Further analysis showed that DLE incidence rate was 3.2 per 100, 000 (95 % 

CI 3.0-3.4) and 0.6 per 100, 000 (95 % CI 0.5- 0.7) for SCLE.  In South Korea, Sang 

Baek et al. [67] showed that the average annual incidence of cutaneous lupus was 4.36 

per 100 000.  Finally, in Denmark, Petersen et al. [68] described that the annual 

incidence rate (IR) of CLE was 2.74 per 100,000 and that the female:male ratio was 4:1 

with no differences in the gender distribution between the disease subtypes (p=0.27). 

 

Prevalence: The overall described prevalence of CLE ranges from 73 to 86 per 100 

000.  Durosaro et al. in USA [65] found to be 73.24 per 100 000 (95% CI, 58.29–88.19). 

Whereas Jarret et al. [69] in New Zealand found CLE prevalence to be 86.0 per 100,000 

(95% CI 78.1-94.7). This study concluded that Māori and Pacific people in Auckland, 

New Zealand, have greater relative risk of cutaneous lupus compared to the European 

population and in particularly, high risk of discoid lupus erythematosus. This higher 

prevalence could be related to the fact that SLE is more common in “Polynesians” 

compared to other ethnic groups. Moreover, they used capture–recapture technique 

which accounts for unidentified cases by examining different but overlapping databases. 

 

1.2.2.1 CLE subtypes epidemiology (LE-specific) 
 

DLE is the most common subtype reported in the studies. In the Minnesota study [65], the 

age- and sex-adjusted incidence rate per 100,000 for DLE was 3.56 (95% CI 2.94–4.18).  

Jarrett et al. [69] described that the prevalence rate of DLE per 100,000 for Maori/Pacific 

was 27.24 (95% CI 20.73–35.82) and the European rate was 6.57 (95% CI 3.76–11.49). 

In French Guiana, the crude average incidence of DLE was 3.56 per 100,000 per year 

[70]. 

The incidence of subacute cutaneous lupus erythematosus (SCLE) in Sweden was 0.7 

per 100,000 per year [66] consistent with the Minnesota study that described the SCLE 

incidence rate was of 0.63 per 100.000 (95% CI 0.37–0.89) [65].  
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The other forms of CLE (hypertrophic, profundus, mucosal, tumidus, chillblain) are 

unusual. For example, the incidence of lupus tumidus and bullous lupus, is reported as 

0.07 per 100.000 (95% CI 0.00–0.16) and 0.03 per 100.000 (95% CI 0.00–0.08), 

respectively [71]. 

1.2.2.2 CLE association with SLE 
 

Skin involvement is very common in SLE as it occurs in 70-80% of SLE patients during 

the course of their disease [72]. Up to 20-25% of patients with SLE will have a skin lesion 

as a first sign of the systemic disease [73]. A study in 260 SLE patients showed that LE-

non-specific cutaneous manifestations were present in 43% of the SLE patients and LE-

specific in 23% of the patients [74]. Of the LE-specific, DLE (11%) was the most common 

followed by SCLE (8%) and ACLE (4%). Of the LE-non-specific skin manifestations 

Raynaud's phenomenon was the most common (25%), followed by non-scarring alopecia 

(9%) and vasculitis (8%) [74]. 

 

Cutaneous manifestations are so prevalent and relevant, that some of them are included 

in the classification criteria for SLE. For example, in the Systemic Lupus International 

Collaborating Clinics (SLICC) classification [75], four of the eleven criteria used for SLE 

classification are mucocutaneous and include ACLE (also including SCLE), CCLE, oral 

ulcers and non-scarring alopecia, emphasizing the importance of skin involvement in 

lupus.  

 

CLE is not always associated to SLE and sometimes patients have some autoantibodies 

without fulfilling the criteria for SLE. The probability of a CLE patient of being diagnosed of 

SLE was of 18.1% (95% CI 14.1–22.1%) during the first three years after being diagnosed 

with CLE. High ANA titters (>1:320), anti-dsDNA, anti-SSA/Ro, anti-SSB/La, leucopenia 

and arthralgia have been described risk factors of progression [76].   

 

As is showed in table 2, the rate of systemic manifestations varies according to the 

underlying subtype of CLE.  
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Type of CLE Relation with SLE Ref. 

ACLE A high proportion of ACLE patients present ANAs (~80%) 
or anti-double-stranded DNA antibodies (30–40%). 

[44] 

SCLE Around 20-50% of SCLE patients fulfill the American 
College of Rheumatology (ACR) criteria for SLE. 

[77] 

DLE 

Around 5-35% of all patients with DLE are ANA- positive, 
and some patients develop systemic features of SLE (5–
18% of DLE patients). 
SLE patients have a 20–25% risk over their lifetime of 
developing one or more classic DLE. 

[78] 

LET 
Anti- SSA/Ro and anti-SSB/La antibodies are rare (10–
20% of LET patients) and LET patients rarely develop SLE 
(<5%). 

[79] 

Table 2. Relation of cutaneous lupus with systemic lupus disease. 

 

Although the prognosis of CLE is often more favourable than SLE, in a significant 

proportion of patients CLE can be disfiguring and debilitating. For this reason, the impact 

in our society is pronounced; it is the third most common cause of industrial disability from 

dermatological diseases, with 45% of patients experiencing some degree of vocational 

handicap [80]. 

 

1.2.3 CLE diagnosis 
 
CLE diagnosis should be based on the findings of patient history, clinical exam, laboratory 

studies, serology, as well as histology and direct immunofluorescence exam of skin 

biopsies if the histology is not diagnostic. Detailed skin examination is crucial for classifying 

the CLE subtype and systemic involvement needs to be excluded.  

 

The cornerstone of CLE diagnosis is a lesional biopsy for histology, and it should be 

performed in SLE patients mainly if lesions are atypical or refractory [81]. The skin biopsy 

should be performed in an established lesion (at least 6-month-old) that is still active. 

Within this features, it provides the highest yield for both hematoxylin eosin-stained 

sections and direct immunofluorescence technique [82]. An optimal diagnostic specimen 

should be around 4 mm diameter and can be obtained using the punch biopsy technique 

extending to the subcutaneous fat. However, in case of lupus panniculitis, a deep incisional 

biopsy may be required. 

 

Histologic findings vary by subtype, but in general CLE lesions share the features of 

vacuolar or hydropic change and lymphocytic infiltrates. Direct immunofluorescence of 

lesional biopsies can supplement non-definitive histologic findings. The lesional lupus 
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band test refers to the finding of immunoglobulins and complement at the dermal-

epidermal junction of a lesional biopsy, a classic finding in CLE [83]. Deposits are typically 

granular in appearance, and most commonly contain Complement component 3(C3), IgG 

and IgM, although IgA can be found (Fig 10a, 10b).  A lupus band test is interpreted as 

positive when all the following criteria are met: 

 

1. IgM or IgG must be demonstrated singly or in combination with other 

immunoglobulin classes at the epidermal or appendageal basement membrane 

zone. Complement components or alternate pathway proteins may be present. 

2. The pattern must consist of either a homogeneous or granular band, or a band 

made up of closely spaced fibrils, threads, or stipples.  

3. The immunofluorescence should be bright. 

Figure 10. a) Linear band- like deposits of IgM along the dermoepidermal junction of a chronic 
discoid lupus erythematosus lesion. b) Granular deposits of C3 along the dermoepidermal junction 
of a chronic discoid lupus erythematosus lesion. From Meurer et al. [84]. 
 

A negative test does not exclude the diagnosis. Also, a positive test does not secure the 

diagnosis, as false positive tests can occur in sun-damaged skin. A positive lupus band 

test in non-lesional and non-sun exposed skin is associated with (but not diagnostic for) 

systemic disease. In most cases, clinical and histologic findings provide sufficient 

information to make a diagnosis of CLE.  

 

Serological tests for autoantibodies should be performed in CLE newly diagnosed patients 

to determine the presence of SLE.   

 

 
1.2.4 CLE activity and severity assessment (CLASI) 

 
Cutaneous Lupus Area and Severity Index (CLASI) was developed by Albrecht et al. [85]. 

It is a system to measure CLE disease activity and damage. Within this index the lesional 

morphology and the anatomic location are considered. It consists of two scores, the 

a) b) 
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CLASI-A that summarizes the activity of the disease and ranges from 0 (mild) to 70 

(severe) and include measures for erythema, scale/hypertrophy, mucous membrane 

lesions, recent hair loss, and nonscarring alopecia. The second part of the score is CLASI-

D, a measure of the damage done exclusively by the disease and is scored in terms of 

dyspigmentation and scarring, including scarring alopecia. The reduction of CLASI score 

is associated with an improvement in disease.  It is widely used in clinical trials and 

research studies (Annex 1). 

 
1.2.5 CLE pathogenesis 

 
The initial and perpetuating mechanism involved in the pathogenesis of CLE is not well 

understood yet. It is likely to be multifactorial with a complex interaction occurring between 

environmental exposures and genetic susceptibility that triggers and/or propagates 

immune dysregulation, resulting in disease in affected individuals (Fig 11).   

 

 
Figure 11. Factors involved in CLE pathogenesis 

 
1.2.5.1 Genetic factors 

 
Genetic studies, including those of families, of affected individuals, and of affected 

populations in genome-wide association studies (GWAS), have identified genetic 
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polymorphisms, mutations, and risk alleles in CLE populations [86]. The vast majority of 

these identified genes are involved in pathways that affect the function of innate and 

adaptive immune responses, predisposing to immune dysregulation. Among others, these 

include apoptosis/cell death, deoxyribonucleic acid (DNA) processing, the type I interferon 

(IFN) pathway, migration of leukocytes, the complement cascade and clearance of cell 

debris, T-cell immune checkpoints, antigen presentation, and antibody production [87]. 

Although various risk alleles have been found in CLE, only one monogenic cause had 

been identified [88]. Mutations in the Three Prime Repair Exonuclease 1 (TREX1) 

represent the only monogenic cause of cutaneous lupus identified to date, resulting in the 

rare form of CCLE familial chilblain lupus [89]. These patients develop cold-induced 

purple-red lesions on acral surfaces, which may ulcerate. TREX1 is a cytosolic DNA 

exonuclease that plays an essential role in the homeostatic degradation of single stranded 

DNA (ssDNA), and TREX1 deficiency results in intracellular ssDNA accumulation. 

Recognition of these accumulated nucleic acids by innate immune receptors results in 

chronic hyperactivation of the type I interferon pathway [90].  

 

      X-Linked Genes 

 

Female gender is a known risk factor for CLE as supported by the preponderance of 

disease in females. Sex hormone differences may explain this increased risk as estrogen 

may enhance autoantibody production via B cell and monocyte activity [91]. However, the 

effects of estrogens and androgens are still unclear with conflicting results as patients with 

anti-estrogen treatment have been reported to develop SCLE skin lesions [92]. 

 
Recent investigation into human skin sexual dimorphism identified the putative 

transcription factor vestigial-like family member 3 (VGLL3) as an essential regulator of 

female-biased genes that may contribute to an autoimmune phenotype in women [93]. 

VGLL3 influences type I interferon responses and promotes the expression of genes 

encoding inflammatory molecules, many of which are genetic risk variants previously 

identified in autoimmune diseases including SLE. In normal skin, VGLL3 is more highly 

expressed in female-derived tissue. In addition, skin-directed overexpression of VGLL3 in 

mice causes a lupus-like disease with cutaneous manifestations.  When analysing, skin 

expression of VGLL3 and their targets including BAFF (B cell activating factor) and ITGAM 

(Integrin Subunit Alpha M) in SCLE, no differences were observed between males and 

females, suggesting that VGLL3 is a sex-biased risk factor prior to disease manifestation 
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and a general regulator brought to comparable functional levels in the two sexes as 

autoimmune conditions arise.  

 

    Risk Alleles 

 

Several genes related to apoptosis, DNA processing, type I IFNs, immune stimulation, and 

antibody production identified by genome-wide association studies have been associated 

with CLE.  

 
HLA variants are associated with numerous immune diseases as they orchestrate antigen 

presentation and immune activation. HLA-B8, HLA-DR, and HLA-DQ have been 

associated with SLE, and HLA-DR2 and HLA-DR3 have been associated with SCLE [86].  

 

Regarding DLE susceptibility MHC HLA DQA1, DQA1*0102, HLA A*03, B*07, DRB1*15 

alleles have been described [94]. A predictive role may exist for HLA-B8 as DLE females 

with this haplotype progress to SLE [95]. The role of the HLA variants is important as they 

may allow for the forecast of severity and ultimately disease progression. 

 

Polymorphisms in cell death genes ITGAM, MHC Class I Polypeptide-Related 

Sequence A (MICA) and B (MICB),  DNA repair gene MSH5,  vesicle trafficking Flotillin 

1 (FLOT1) and interferon pathway genes TRIM39-RPP21, Interferon Regulatory Factor 

(IRF)5, Signal Transducer And Activator of Transcription (STAT)4, and Tyrosine 

Kinase (TYK)2 have all been associated with CLE. IRF5 and TYK2 have been associated 

specifically with both SCLE and DLE subtypes and their expression is upregulated after 

UV exposure and are known to promote type I IFN [96] .  

 

Subtype differences may exist, with SCLE associated with C1qA, C2, C4, TNF 308A [97].  

The TNF308A single-nucleotide polymorphism (SNP) transcript is increased with UVB 

radiation and participates in autoantigen presentation, cytokine production, and immune 

recruitment, suggesting a photosensitivity predisposition in SCLE [98]. CCLE is associated 

with STAT4, ITGAM, Cytotoxic T-Lymphocyte Associated Protein (CTLA)4, and TREX1, 

with recent molecular profiling highlighting IFNγ as well. Early complement deficiencies 

are associated with autoimmunity and in particular in individual and familial cases of DLE 

[99].  
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Epigenetics 

 

In addition to genetic mutations and polymorphisms that predispose to CLE, external 

stimuli may interact with the genome in susceptible individuals to cause epigenetic 

variation, leading to dysregulated gene expression via DNA methylation, histone 

modification, and microRNA-mediated gene silencing.  

 

• DNA Methylation: In SLE, DNA hypomethylation in T cells has been 

identified resulting in increased inflammatory gene expression [100]. 

Regarding lupus skin manifestations, malar rash and DLE have been 

associated with differentially methylated regions (DMRs) of naïve CD4+ T 

cells in SLE patients [101]. These DMRs were affecting genes that mediate 

cell proliferation, apoptosis, and antigen presentation, suggesting that DNA 

methylation plays a role in CLE pathogenesis. Studies on SCLE, DNA 

methylation analyses revealed demethylation of the promoters of perforin 

and CD70, a B-cell costimulatory molecule, expressed in CD4+ T cells.  

Both perforin and CD70, are overexpressed in SCLE T cells, suggesting a 

possible pathogenic link [102,103]. 

 

• Histone modifications: In SLE patients, histone modifications in 

peripheral blood mononuclear cells [104, 105] are found and their 

correlation with disease activity and nephritis manifestations has been 

established. No studies have been performed in CLE patients yet. 

Interestingly, the inhibition of histone deacetylase, an enzyme involved in 

the removal of acetyl groups from lysine residues in histones, can 

upregulate B-cell microRNAs (miRNAs) that silence Activation-induced 

cytidine deaminase (AID) and B lymphocyte-induced maturation protein-1 

(Blimp-1) [106], contributing to B-cell differentiation processes that underpin 

antibody and autoantibody responses in lupus MRL/Faslpr/lpr mice a lupus 

model mice that presents spontaneously lesions that resemble CLE. 

Further research may be needed to elucidate the histone modifications in 

CLE. 

 
• microRNAs:  Several microRNAs are dysregulated in SLE, and some of 

them have been extensively investigated. Among the most studied, miR-21 

was found upregulated in T cells from SLE patients and promotes 

hypomethylation [107]. mir-146a is downregulated in SLE PBMCs 
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(Peripheral blood mononuclear cells) and when downregulated promotes 

inflammation via NF- κB regulation [108]. And miR-150, that inhibits both T 

cell and B cell activation and proliferation and is downregulated in B cells 

and CD4+ T Helper (Th) 1 cells from SLE patients [109]. At the time of this 

thesis, no miRNAs in CLE had been described.  

 

In this thesis, the role of miRNAs in CLE has been explored as there were no previous 

studies investigating their role in CLE. Further investigation in the role of miRNAs in CLE 

can provide a better understanding of the pathogenic mechanisms involved in this 

condition and may yield targets for therapy to restore normal epigenetic patterns.  
 

microRNAs definition 
 

 microRNAs, also known as miRs or miRNAs, are abundant, small, highly 

conserved, non-coding RNA sequences that are about 19-22 nucleotides in length [110]. 

Its main function is to regulate gene expression post-transcriptionally by binding to mRNA. 

The miRNA-mRNA complementary union promotes the gene expression regulation is by 

preventing mRNA from being translated or inducing mRNA degradation [111] The 

interaction of the miRNA with the mRNA is short, around 6 to 8 nucleotides. Therefore, 

multiple genes can be targeted by the same miRNA and therefore, a single miRNA can 

regulate simultaneously different cellular pathways and biological processes. They 

approximately regulate 60% of all the protein- coding genes and they can modulate the 

gene expression in the same cell where are being synthetised or can be enveloped in 

extracellular vesicles, secreted, transported to neighboring cells and regulate gene 

expression in recipient cells [112]. For this reason, they are considered fundamental 

regulators of gene expression. In recent years, more than 2,000 human miRNAs have 

been described employing new advances in molecular biology and bioinformatics, 

achieving relevance in translational research.  

 

microRNAs in skin 
 
miRNAs are involved in development, organogenesis, proliferation and apoptosis, among 

other cell processes. In skin physiology, the role of miRNAs is well-known as they are 

involved in epidermal and dermal proliferation, pigmentation, aging, wound healing, skin 

microbiome and skin immunity [113]. 
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microRNAs in skin disease.  
 

Under normal physiological conditions, microRNAs are regulating correct cell functions. 

However, in disease, microRNAs may change, inducing an altered gene expression that 

leads into an aberrant phenotype when they are dysregulated, they may alter relevant 

cellular processes, favoring pathogenic conditions. On the other hand, they may also play 

protective roles by trying to re-establish cell homeostasis. A miRNA balance is key for the 

correct functioning of cell and tissue physiology.  

As microRNAs play crucial roles in development, homeostasis and regeneration of the 

skin, their deregulated expression may result in skin disorders (Fig 12). Recent findings 

show that miRNAs are involved in skin carcinogenesis [114] and also, in the pathogenesis 

of chronic inflammatory skin diseases, as lesional skin from chronic inflammatory skin 

diseases such as psoriasis or atopic dermatitis presents specific miRNA expression 

profiles that differ from healthy skin [115].  

 

 
Figure 12. microRNAs are involved in several cellular processes in the skin.   From Gerasymchuk 
M et al, [116]. 
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1.2.5.2 Environmental factors 
 

Ultraviolet (UV) light 

 

Photosensitivity is a well-known phenomenon in lupus, as 60–80% patients with SLE have 

photosensitive skin lesions [117].  In addition, evaluation of CLE skin shows that lesions 

are commonly found in the sun-exposed areas indicating that UV is an important 

environmental factor. UV light exposure is the most well-known factor in triggering skin 

injury in CLE. UV irradiation directly induces chemokine production by epithelial cells, and 

it also causes DNA damage, resulting in keratinocyte apoptosis and necrosis. Dying 

keratinocytes release inflammatory cytokines and chemokines, which in turn recruit 

lymphocytes and pDCs. Keratinocyte death may also result in release of nuclear debris, 

which can stimulate pDCs via Toll-like receptors (TLRs) and can also serve as a reservoir 

of autoantigen for autoreactive T and B cells.  

 

Spectrum differences in ultraviolet exposure may exist as UVA penetrates the dermis and 

activates metalloproteinases to evoke immune infiltration, whereas UVB induces cell 

proliferation in the epidermis and increases FAS–FASL interactions in hair follicle [118].  

Recently the role of UVB in SLE skin lesions has been investigated by Skopelja-Gardner 

et al. [119] and they found that a single exposure to UVB light triggers not only an early 

exaggerated cutaneous IFN-I response in female mice but also a systemic IFN-I response 

in the blood and kidneys. Characterization of the generated IFN response in the skin 

showed that it was dependent on the stimulator of Interferon Response CGAMP Interactor 

1 (STING) and cytosolic DNA sensing adaptor protein downstream of cyclic GMP-AMP 

(cGAMP) synthase (cGAS) but independent of pDCs recruitment, suggesting a 

mechanism for CLE initiation and flares.  

 

Another mechanism by which UV can induce CLE may be dependent of epidermal IFNκ 

production by keratinocytes. IFNκ has been found increased in epidermis from CLE 

lesional skin and it plays a pathogenic role in CLE by amplifying and accelerating 

responsiveness of epithelia to IFNα and increasing keratinocyte sensitivity to UV 

irradiation [120]. Therefore, IFNκ is a critical IFN in CLE pathology via promotion of 

enhanced IFN type I responses and photosensitivity.  

 

In addition, UV light protection has been shown to prevent skin injury in CLE [121]. 

Currently, the only treatment for photosensitivity is sunlight avoidance and broad-
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spectrum, high sun protective factor (SPF) sunscreen, which prevents the development of 

disease-specific skin lesions in CLE patients exposed to UVA/UVB.  

 

Tobacco 

 

Cigarette smoking is associated with CLE, and it is suggested that tobacco smoke 

contributes to CLE disease activity by increasing inflammatory cytokines, apoptosis, 

autoantibodies, and the development of free radicals. Compared with non-smokers, 

smokers with CLE have worse quality of life and worse skin disease, as measured by the 

CLASI Index [122]. There is conflicting data regarding whether smokers respond to 

antimalarials as well as non-smokers, but smokers exhibit more recalcitrant disease than 

non-smokers if both antimalarials and immunomodulators are required [123]. It is still 

unknown whether decreased treatment efficacy in smokers is due to direct interference of 

cigarette smoke with the treatment or to the higher disease severity in smokers. It is also 

possible that some smokers may have lower medication adherence rates.   

 

Drugs 

 

Some drugs have been reported to induce SLE and CLE. Drug-induced skin-limited SCLE 

(DI-SCLE) is much more common than drug induced CCLE of which very few cases have 

been reported. Table 3 shows the most frequently drugs associated with the development 

of DI-SCLE [124]. A systematic review of drug induced SCLE found the most frequently 

reported causative medications to be antihypertensives (most commonly 

hydrochlorothiazide and calcium channel blockers) and terbinafine, with less frequent 

reports of many other medications including chemotherapeutics, antihistamines, 

leflunomide, interferon, antiepileptics, statins, lansoprazole, and non-steroidal anti-

inflammatory drugs (NSAIDs) such as naproxen and piroxicam [125]. Medications highly 

associated with DI-SLE are thought to enhance innate immune responses, particularly of 

neutrophils, resulting in increased neutrophil extracellular trap (NET) formation and 

autoantigen exposure. It is hypothesised that DI-SLE/SCLE due to TNFα inhibitors may 

be in part due to the immunogenicity of the medications themselves, though more recent 

formulations have lower immunogenicity and DI-SLE/SCLE continue to be reported to 

these agents. There may also be a component of “unmasking” rather than causing the 

SLE or SCLE, as some patients treated with TNFα inhibitors have conditions that are 

associated with a higher baseline risk of SLE, such as rheumatoid arthritis [126].  
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Drugs associated with Subacute Cutaneous Lupus Erythematosus 

ACE inhibitors (e.g. captopril) 

Antiepileptics (e.g. phenytoin) 

Antimicrobial agents (e.g. griseofulvin, terbinafine and tretracycline) 

Β.Aderenoreceptor antagonists (e.g. acebutolol) 

Calcium channel blockers (e.g. diltiazem and nifedipine) 

Chemotherapeutic agents (e.g. tamoxifen and docetaxel) 

NSAIDs (e.g. naproxem and piroxicam) 

Proton pump inhibitors (e.g. omeprazole 

Sulfonylureas (e.g. glyburide) 

Thiazide diuretics (e.g. hydrichlorothiazide) 

Others (eg. Bupropion, leftunomide, interferon α …) 
 
Table 3. Medications associated with triggering subacute cutaneous lupus erythematosus 
patterns. 
 

Others 

 

Other possible proposed factors implicated in CLE are viral infections, stress and diet but 

no significant evidence has been found yet. Studies investigating the microbiome in SLE 

patients have suggested that host-microbe interactions contribute to the development of 

disease [127].  Molecular mimicry is proposed to play a role in the development and 

propagation of autoimmunity in SLE and SCLE patients with anti-SSA/Ro antibodies. 

Evolutionarily conserved Ro60 protein orthologues were identified in a subset of human 

skin, oral, and gut commensal bacteria, which was found to be cross-reactive with both 

the SCLE/SLE patient’s anti-Ro antibodies as well as their Ro60 autoreactive T cell clones  

[128]. 

 
1.2.5.3 Immunoregulatory related factors 
 

Insights from genetic studies and environmental triggers in lupus pathogenesis implicate 

both innate and adaptive immune components. Overall, CLE is a disease of dysregulated 

immune homeostasis, resulting in unwanted innate immune stimulation and adaptive 

immune activation (Fig 13). The autoimmune pathways involved in CLE development and 

pathogenesis remain incompletely understood. It must also be emphasised that the 

complete sequence of events from environmental trigger, if any, to immune activation to 

disease is also unknown. However, there is substantial data that suggests the following: 
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Initiating the damage: Keratinocytes 
 
Keratinocytes play an important role in the cutaneous lupus pathogenesis and appear to 

be involved in the initiation and sustainment of the lesions. They interact with host 

immunity and often serve as innate immune cells by releasing “alarmins” and danger 

signals that activate neighbouring immune sentinels and recruit adaptive immune 

lymphocytes to areas of stress or damage [129]. As a consequence of UVB light in genetic 

predisposed individuals together with other unknown triggers, as stated previously, 

keratinocytes start an aberrant apoptosis [130]. CLE keratinocytes are known to be more 

susceptible to apoptosis. This enhanced epidermal apoptosis in CLE lesions has been 

demonstrated by the increase level of proteins that mediate apoptotic processes such as 

Fas (CD95), TNF-related apoptosis-inducing ligand (TRAIL) and TRAIL-R1 [131,132]. 

Within keratinocyte apoptosis, epidermal nuclear debris and autoantigens are resealed 

and are recognised by autoantibodies, resulting in the release of additional 

proinflammatory cytokines and skin inflammation. In addition, CLE keratinocytes exposed 

to UVB light produce several cytokines such as IL-1β, IL-6, TNFα, IFNα, IFNκ, IFNλ, and 

chemo attractants such as CXCL10 [133]. As a consequence, the immune system is 

activated, and immune cells are recruited to the skin. Together, keratinocytes and IFNs 

appear to initiate and sustain CLE disease activity. 

 

Sensing the damage: Innate immunity 

 
Into detail, all nuclear debris such as RNA and DNA resulting from the apoptotic 

keratinocytes, are recognised by Antigen Presenting Cells (APCs) that in turn activate T 

cell responses. One of the most important DC type in CLE pathogenesis are pDCs which 

are relatively abundant in CLE, especially in DLE and are known to be recruited in the skin 

after UVB exposure. CLE lesions are characterised by a strong IFN type 1 signature in 

which pDCs are the main producers [134].  

 

Neutrophils mediate the presence of NETs, which are networks of chromosomal DNA, 

histones, and granule proteins that are released by neutrophils [135]. Lupus skin lesions 

show evidence of infiltration by netting neutrophils in the dermis and subcutis of several 

subtypes such as discoid lupus, acute cutaneous lupus, subacute cutaneous lupus, and 

lupus panniculitis. Netosis was most frequently seen in DLE (32%) than in SCLE (5%) 

[136]. 
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TLRs may be involved in the initiation of pDCs and neutrophil activity in CLE. In CLE, there 

is an activation of TLR7 and TLR9 by endogenous nucleic acids [137]. Moreover, 

neutrophils are known to be activated by TLR7 agonists [138]. 

 
Macrophages have been slightly studied in CLE, mainly in DLE. They modulate T-cell 

differentiation and facilitate antigen presentation. DLE lesional skin presented a 

transcriptome analysis of an M1 macrophage gene signature that may contribute to local 

inflammation and damage and Th1 differentiation [139]. On the other hand, M2 

macrophage-related proteins were also detected by immunohistochemistry, suggesting 

that diversity of macrophage subtypes may be due to their gene expression plasticity and 

a mixture of acute and chronic phases in the DLE skin.  

 

Regarding epidermal Langerhans cells, they are reduced in CLE lesions, which may reflect 

dendritic cell activation and migration into the regional lymph nodes [140]. In contrast, it is 

known that LCs interaction with apoptotic Keratinocytes has anti-inflammatory effects and 

is critical for resolution of UVB-induced cutaneous inflammation [141]. Therefore, low 

levels of LCs may decrease its tissue protective function from UVB and contribute to CLE 

pathogenesis.  

 
Effectors: Adaptive Immunity 

 
T cells 
 
T cells are the most abundant immune cell type within CLE. The inflammation in CLE 

seems to be predominantly mediated by a Th1 response, especially in DLE, in which high 

numbers of CD4+ Th1 cells are infiltrated in the lesional sites [142]. Type I IFNs produced 

by the pDCs recruit Th1 lymphocytes into CLE lesions by increasing the production of 

CXCL10 in CLE skin, specifically in keratinocyte cells [143]. CXCL10 is known to correlate 

with the presence of pDCs and lymphocytes in CLE [144] .  

 

CLE lesions have shown less Th17 genes compared with psoriasis and SLE but some 

authors like Oh et al. [145] and Tanasescu et al. [146] have observed elevated expression 

of IL-17 in the CLE lesion sites. Yet, others as Jabbari et al. [147] found little evidence of 

Th17 in lesions and IFNγ regulated genes were upregulated whereas IL-17 gene 

expression was not increased in DLE.  However, most recently, CLE patients that are non-

responders to antimalarials expressed more STAT3, a Th17-associated marker 

suggesting some role in refractoriness [148]. So far, the role of Th17 responses in CLE is 

not completely established and further studies are needed. 
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Cytotoxic CD8+ T cells are the driver of keratinocyte death and disruption of the dermal-

epidermal junction.  Cytotoxic CD8+ T cells (CTLs) express granzyme B that is involved in 

promoting cell apoptosis via activating caspases. In DLE, decreased circulating CD8+ 

CXCR3+ cells have been found. It has been postulated that extravasation to the skin and 

over-recruitment of the cytotoxic T cell pool leads to low circulating populations. These 

CD8+ T cells seem to be activated based on expression of granzyme B and correlation 

with type I IFN–dominant signature in scarring DLE lesions [149]. 

 
Finally, regulatory T cells are involved in the inhibition of inflammation by secreting 

inhibitory cytokines such as IL-10 and transforming growth factor-β (TGF-β) and by 

suppressing other T cells through direct contact [150]. Franz et al  [151]. reported that LE 

lesional skin displays reduced numbers of FoxP3+ Regulatory T cells (Tregs) and that may 

contribute to insufficient suppression of inflammation.  

 
B cells 

B cells act as autoantibody producers and inflammatory cytokine secretors. Accumulation 

of necrotic debris in CLE is thought to contribute to autoantibody production. Keratinocytes 

are known to upregulate autoantigens such as Ro52 in CLE [152]. UV radiation induces 

translocation from nucleus and cytoplasm to the cell surface of SSA/Ro, SSB/La, RNP, 

and Sm. Studies have demonstrated that antigens Ro and La re-localize into apoptotic 

bodies in UV-irradiated KCs undergoing programmed cell death [153].  B cells may then 

produce autoantibodies. Presence of antibodies against these antigens are common in 

CLE, especially anti- SSA/ Ro in SCLE subtype. ACLE is strongly associated with anti-

dsDNA antibodies and ANA and CCLE is negatively associated with anti-extractable 

nuclear antigens (ENA) and anti-dsDNA antibodies [154]. Studies are being conducted to 

explore the contribution of b cells in CLE pathogenesis. In that sense it has been has 

identified a transcriptional B cell signature that is more prominent in DLE patients and more 

prominent when the CLE lesions occur without associated SLE,  and concluded that B cell 

function in skin may be an important link between cutaneous lupus and systemic disease 

activity [155] 

 

Although autoantibodies play a significant role in CLE pathogenesis, there are individuals 

without autoantibodies that present CLE.  When autoantibodies bind to autoantigens in 

the skin there is a release of cytokines and subsequent inflammation, however their exact 

implications remain to be defined. Another reason to think that B cells may be involved in 

CLE producing autoantibodies and perpetuating inflammation, but may not be the 

Introduction 



 

 45 

essential pathogenic players, is the fact that B cell therapies approved in SLE do not show 

high clinical efficacy when treating CLE.  

 

NK T cells  
NK cells may also play a role in cytotoxicity and can overlap with T cells as NK T cells. In 

DLE blood samples, there are decreased NK T cells, suggesting their recruitment to skin 

[156, 157].  
 

Inflammatory mediators 

 

Type I Interferon 
Studies found that type I IFN–related genes are highly upregulated in CLE and correlate 

with CLASI scores [158]. IFNα is thought to play an important role, as elevated levels have 

been found in the serum of patients with SLE in addition to their family members without 

SLE, suggesting heritability. Type I IFNs have pleiotropic effects on the immune system 

by affecting survival, differentiation, and proliferation [159]. IFNα has been shown to 

promote production of chemokines CXCL9 and CXCL10 to recruit immune cells to the skin 

[160]. Despite its crucial known implication in disease, the initial source of IFNs in CLE is 

still uncertain. It is hypothesised that keratinocytes may be an initial source as they have 

been shown to produce type I IFNκ upon UVB irradiation as well as type III IFNλ in 

response to immunostimulatory nuclear acids. Importantly, these type I IFNs have 

autocrine effects on keratinocytes and result in the production of cytokines and 

chemokines such as IL-6, IFNα, CXCL9, and CXCL10 to recruit CXCR3+ immune cells. 

Keratinocyte-induced IFN  may be the initial insult, but propagation of IFN may be 

sustained by the recruited immune cells such as neutrophils, macrophages, and pDCs via 

their responses to cellular debris [161]. Taken together, IFN signaling appears to 

contribute to CLE disease pathogenesis and is one of most critical immune pathways 

involved 

 

Cytokines 
Cytokines such as TNFα, IL-1, IL-6, IL-10, IL-12, IL-17, IL-18 have been detected in CLE 

and are involved in the initiation and perpetuation of CLE skin lesions [162] . Their 

implication is detailed in Table 4:  
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Cytokine Source Function Role in CLE 

TNFα 
Keratinocytes 
Fibroblasts 
Mast cells 

Proinflammatory 
 

-  
- Stimulates production of 

inflammatory cytokines, 
chemokines and adhesion 
molecules such as IL-1, IL-6, 
CXCL8, CCL20, VCAM-1 and 
ICAM-1. 

- Activates B cells antibody 
production. 

- Upregulates keratinocyte 
surface expression of lupus 
antibodies. 

IL-1 Keratinocytes Proinflammatory 
- Amplifies production of TNFα 

and the inflammatory 
chemokines CCL5, CCL20, 
CCL22 and CXCL8. 

IL-6 Keratinocytes Proinflammatory 
 

- Triggers B cell maturation an 
Immunoglobulin secretion. 

- Increases cytotoxic T cell 
production and differentiation. 

IL-10 
B cells 

Monocytes 
CD4+ T cells 
CD8+ T cells 

Proinflammatory 
 

Anti-

inflammatory 

- Suppresses Th1 cells, 
macrophages and dendritic 
cells. 

- Stimulates B cell hyperactivity. 

IL-12 
B cells 
DCs 

Macrophages 

Anti-

inflammatory 

- Regulates T cell function 
- Reduces immunoglobulin 

production 
- Protects keratinocytes from UV 

induced apoptosis. 

IL-17 Th17 cells Proinflammatory 

- Stimulates T cells 
- Increases the production of 

autoantibodies. 
- Triggers the production of 

inflammatory cytokines and 
chemokines including IL-1, IL-
6, CCL2, CCL7, CCL20, 
CXCL1 and CXCL5. 

IL-18 Macrophages Proinflammatory 

- Stimulates the production of 
the inflammatory cytokines 
IFNs, TNF α and IL-1β. 

- Potentiates IFNs-induced 
production of CXCL9, CXCL10 
and CXCL11. 

Table 4. Cytokines in CLE. Modified from Robinson et al.  [162] 

Introduction 



 

 47 

 
Figure 13. Pathogenesis of cutaneous lupus erythematosus (CLE). Triger CLE factors 
include: Ultraviolet (UVB) radiation, genetics, drugs, tobacco, stress and infections. The 
combination of these factors in particular UVB exposure induces keratinocyte apoptosis, 
resulting in the release of autoantigens together with proinflammatory cytokines such as TNFα, 
IL-1, IFNs and IL-6 and chemokines such as CXCL10. Autoantigen release from dying 
keratinocytes may be trapped in neutrophil extracellular traps (NETs). In addition, autoantigens 
are recognised by Antigen presenting cells (APCs) such as plasmacytoid dendritic cells (pDCs) 
that are activated and as a result release IFNα. Dendritic cells (DC) activate CD4+ T Th1 cells 
to secrete IFN γ. CD8+ T cells expressing CXCR3 are recruited to dermal-epidermal junction 
via CXCL10 and attack keratinocytes, resulting in enhanced keratinocyte apoptosis. Activation 
of TLR7 and TLR9 by endogenous nucleic acids results in DC and neutrophil activation. B cells 
expressing BAFF (B cell activating factor) receptor and may secrete autoantibodies.  Natural 
Killer T Cells (NKT) are increased in the lesional sites.  Macrophages (Mac) phagocytose 
autoantigens released from dying keratinocytes and help prime adaptive immune lymphocytes. 
Modified from Little A, et al.  [87] 
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1.2.5.4 Pro-inflammatory self-amplifying cycle in CLE 
 

A pro-inflammatory amplifying cycle in CLE lesions has been proposed by some authors 

and could explain the continuous reactivation of the immune system in CLE lesional sites 

(Fig 14).  

 

In genetically predisposed individuals, together with distinct environmental factors in which 

UVB light is crucial, keratinocytes are damaged, and apoptosis occurs. The accumulation 

of DNA from keratinocytes implies the prolonged activation of TLR and subsequent 

initiation of innate and adaptive immune responses. Within this pro-inflammatory scenario, 

the IFNα secreted by pDCs is known to enhance the expression of TRAIL1 in 

keratinocytes, suggesting that it may be involved in the increase and prolongation of the 

apoptotic death of keratinocytes in CLE [163]. Moreover, the endogenous nucleic acids 

released from apoptotic keratinocytes, are recognised by autoantibodies that form immune 

complexes. 

 

Some examples of autoantigens include Ro52 and High-mobility group box 1 (HMGB1). 

Ro 52 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 that show increased Ro52 expression after UV exposure, confirming UV 

as a triggering factor for skin lesions in patients with Ro52 antibodies [164]. HMGB1 is a 

protein located in nuclei under normal conditions and increased amounts of HMGB1 

expression and translocation have been observed in CLE skin lesions [165]. Moreover, 

UV irradiation is able to lead HMGB1 translocation to the cytoplasm. In apoptotic or 

necrotic keratinocytes, HMGB1 is translocated to the cytoplasm and binds DNA to form 

immune complex  [166]. The immunocomplexes can be taken up by pDCs via CD32-

mediated endocytosis and as a result, the nucleic acid components of these immune 

complexes may reactivate type I interferon production that contributes to enhanced 

inflammation [167].  

 

In parallel, the recruited Th1 cells, produce IFNγ, which perpetuates the upregulation of 

CXCR3 ligands [168]. This promotes more immune recruitment and upregulation of 

downstream inflammatory effectors that are responsible for lesion formation and 

persistence in CLE.  
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Figure 14. Pro-inflammatory self-amplifying cycle in CLE. The innate immune system 
is activated in genetic susceptible individuals exposed to environmental factors. 
Subsequently there is an activation of adaptive immune responses and cutaneous lupus 
erythematosus (CLE) skin lesions appear. These CLE lesions are characterised by a self-
amplification inflammatory loop: epidermal keratinocyte stress and death cause the 
release of autoantigens and immunostimulatory endogenous nucleic acids that reactivate 
innate immune responses. As a result, the skin inflammation is perpetuated and 
maintained in time. From Wenzel J [39]. 
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1.2.6 CLE treatment 
 
CLE management involves combinations of local and systemic agents requiring 

adjustment to the activity and course of the disease. The treatment options are fairly similar 

for the different subtypes; however, before treating patients with CLE, it is essential to 

evaluate them for signs of systemic disease.  

 

To date, many drugs have been evaluated for patients with SLE in clinical trials, however, 

only few randomised, placebo-controlled trials have been performed in CLE. One of them 

is a small randomised, double-blind, intraindividual trial comparing 0.1% tacrolimus cream 

with 0.05% clobetasol propionate cream in patients with CLE and malar erythema of SLE 

[169]. Another is a multicentre, double-blind, randomised, placebo-controlled phase II trial 

that demonstrated the efficacy and safety of 0.5% R-salbutamol cream versus placebo 

[170]. However, no medication has been approved specifically for the treatment of CLE, 

although several agents licensed for SLE, and other autoimmune diseases are currently 

used. Thus, off-label-use of topical and systemic agents is observed in most patients with 

CLE. 

 

Figure 15 shows a still valid algorithm of treatment for CLE proposed by Kuhn et al [171]:  
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Figure 15. Algorithm of treatment for CLE. 1Systemic treatment is usually initiated with 
hydroxychloroquine (HCQ), if no response, chloroquine (CQ) can be used. 2If there is partial 
response with quinacrine, methotrexate (MTX) may be added; if there is no response with 
antimalarials, these drugs are discontinued and MTX is started. 3Retinoids are primarily used in 
hypertrophic discoid lupus erythematosus (LE), refractory subacute CLE (SCLE) and CLE/lichen 
planus overlap (discontinue MTX). 4Thalidomide should only be applied in severe refractory CLE 
as remission-inducing agent (discontinue MTX). 5Dapsone is recommended for urticarial vasculitis, 
LE panniculitis, SCLE, and oral ulcers (discontinue MTX). 6Mycophenolate mofetil (MMF) or 
mycophenolate sodium (EC-MPS) is primarily indicated in refractory SCLE (discontinue MTX). 
7Note that ‘‘maintain’’ only refers to a certain period of time depending on agent, efficacy, and CLE 
subtype. After clearing of skin lesions, agents should be reduced to minimum effective dose or 
discontinued; however, sunscreens should be used for prevention of skin lesions. CI, Calcineurin 
inhibitors; CS, corticosteroids. From Kuhn et al. [171]. 

1.2.6.1. First-Line Treatment 

Prevention and sunscreens  

CLE patients frequently present photosensitivity (60–80%); therefore, patients should 

avoid sun-exposure time and use sun protection as prevention. In all patients with CLE 

and SLE, it is important to provide instructions concerning methods of protection from 

sunlight and artificial sources of UV radiation, and avoidance of potentially 

photosensitizing drugs. Consistent UV protection may also involve photo-resistant clothing 

and thorough application of light-shielding substances with highly potent chemical 

(organic) and/or physical (inorganic) UVA and UVB protective filters [172]. 

Topical treatment   

Topical corticosteroids (CS): Topical CS have proven to be a very effective treatment 

for skin lesions in all subtypes of CLE. The main symptoms, such as redness and scaling, 

are reduced by CS. Topical steroids are indicated mainly in patients with localised CLE 

[173]. 

The treatment of CLE usually starts with topical steroids that can be of low, mild or high 

potency. Choice of the CS class should consider the area of the body and the activity of 

the skin lesion.  In the face: short application of low- to mid-potency CS (such as: 

methylprednisolone); trunk and extremities: mid-potency CS (such as: mometasone 

furoate, betamethasone valerate, triamcinolone acetonide); scalp, palms, and soles of the 

foot: super-potent CS (such as: Clobetasol). For hairy areas, CS solution, lotion, or foam 

may be used. High potency CS result in improved efficacy however, patients developed 

more common side effects such as atrophy and telangiectasia [174]. Because of this well-

known side effects treatment with CS should be time-limited and preferably intermittent. 
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Calcineurin inhibitors (CI): In CLE, several reports have shown efficacy of calcineurin 

inhibitors, such as tacrolimus and pimecrolimus, which down-regulate T-cell activity by 

inhibiting the phosphatase calcineurin, responsible for dephosphorylation of the nuclear 

factor of activated T cells [175]. A randomised, double-blind, vehicle-controlled trial of 

tacrolimus 0.1% ointment was evaluated in a 12-week twice-daily treatment of 30 patients 

with different CLE subtypes, resulting in a significantly higher response rate than in 

patients treated with placebo [176]. Because of the absence of atrophic side effects, 

tacrolimus and pimecrolimus are suitable as topical treatment of CLE, especially in the 

face [177]. 

Other topical treatments: other topical therapies include mainly retinoids that are used 

for refractory cases, especially in hypertrophic DLE lesions [178].  

Systemic treatment:  

CLE patients with generalised lesions, potential scarring disease and refractoriness to 

topical treatment can benefit from systemic therapy. When systemic treatments are 

indicated, topical therapy usually is continued as an adjunctive therapy.  

Antimalarials: Antimalarial drugs include hydroxychloroquine (HCQ), chloroquine (CQ) 

and quinacrine. Current guidelines consider antimalarials as first line systemic treatment 

for CLE patients with active or extensive skin lesions [179].  Since long time ago, 

antimalarials have been considered the first-line systemic treatment in all CLE subtypes; 

however, only two randomised, double-blinded trials in CLE or SLE with skin lesions have 

been performed until now, showing its efficacy. Ruiz-Irastorza et al. [180] found high 

evidence supporting the global safety of HCQ and CQ, with HCQ having a safer profile 

than CQ. Therefore, HCQ is usually the first prescribed treatment in CLE patients with 

severe or widespread skin lesions, in particular in patients with the risk of scarring and 

development of systemic disease.  

A systematic review by Shipman et al. [181] including 852 patients treated with HCQ from 

10 different studies (five retrospective studies, three prospective, two case series and the 

two randomised clinical trials) identified HCQ dosage up to 400 mg/day to be effective for 

most CLE patients with 50 – 97% of clinical response and few adverse effects. However, 

there was a decline in efficacy (45%) in long-term HCQ responders. In the event of 

progressive loss of efficacy and refractoriness to HCQ or CQ, it is necessary to ensure 

adherence to treatment before considering therapeutic changes, since around 40% of 

patients, according to different studies, do not comply with medications as recommended 
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[182]. Measurement of HCQ levels in serum is not routinely performed.  Intriguingly, 

patients with a more TLR9-driven disease pathology may have more benefit from HCQ 

[183, 184]. Currently, biomarkers are lacking to predict HCQ treatment response.  

The main side-effect of antimalarials is retinal toxicity, more frequent in CQ-treated 

patients than with HCQ. HCQ retinal toxicity is far more common than previously 

considered; an overall prevalence of 7.5% was identified in patients taking HCQ for more 

than 5 years, rising to almost 20% after 20 years of treatment [185]. Early retinal changes 

(premaculopathy) are subclinical and only detected in regular controls. However, with 

continued drug exposure, there is progressive development of a bilateral atrophic bull's-

eye maculopathy and paracentral scotomata which cause widespread retinal atrophy and 

visual loss [186]. Analysis of almost 2500 patients using long-term HCQ showed that risk 

rises markedly with over-dosage (>5 mg/kg real weight) or durations beyond 10 years 

[187]. There are two other major risk factors that accelerate toxicity: renal disease (since 

the drugs are largely cleared by the kidneys) and use of the breast cancer drug tamoxifen. 

Intervals for screening of retinal changes should follow the guidelines of the American 

Academy of Ophthalmology [188]. Based on these data, it is recommended to prescribe a 

maximum daily dose of 5.0 mg HCQ/kg real bodyweight. 

If monotherapy with HCQ or CQ is not successful, quinacrine (100 mg/day) may be added, 

resulting in synergistic efficacy, without increasing the risk of retinopathy [189].  

Systemic corticosteroids:	 In severe or widespread active CLE lesions, systemic 

corticosteroids are recommended as first-line treatment in addition to antimalarials. In a 

prospective, cross-sectional, multicentre study performed by the European Society of 

Cutaneous Lupus Erythematosus (EUSCLE) [190], systemic corticosteroids showed the 

highest efficacy in comparison with all other systemic drugs used for CLE therapy, 

providing efficacy in 94.3% of the 413 treated patients. Long-term therapy with 

corticosteroids in CLE without systemic involvement is not recommended due to the well-

known serious side-effects.	

1.2.6.2. Second Line Treatment/Refractory CLE  

Immunosuppressants: Approximately half patients refractory to antimalarials respond to 

immunosuppressants. In the presence of high disease activity, long-stablished disease, 

and refractoriness to antimalarials, immunosuppressive are recommended. Methotrexate 

(MTX) is considered second-line treatments whereas, third-line therapies include other 

Introduction 



 54 

immunosuppressants such as Mycophenolate mofetil (MMF), Azathioprine, Cyclosporine 

or Cyclophosphamide that are mainly recommended for CLE with systemic involvement 

[191]. 

MTX is recommended at 7.5 to 25mg orally or subcutaneously once a week [178]. A 

retrospective analysis of 43 treatment-refractory CLE patients treated with oral or 

subcutaneous methotrexate found improvement in 98% of cases. Seven patients 

developed severe side-effects that required treatment withdrawal [192]. Potential side 

effects include gastrointestinal toxicity, bone marrow suppression, nephrotoxicity, 

hepatotoxicity, and interstitial pneumonitis.  

MMF and mycophenolate sodium have been shown to be effective in treating all CLE 

subtypes in multiple case reports and small studies. A retrospective analysis showed that 

MMF was effective in antimalarial-resistant CLE when added to antimalarial therapy [193], 

although treatment response was often delayed, but sustained. Out of 24 patients with a 

variety of CLE subtypes, 9 patients (37%) demonstrated a complete response to MMF 

therapy and 9 (37%) showed some improvement. Six of them (25%) flare-up after 

response. Azathioprine has been also shown to successfully treat DLE in several small 

case series. 

Chang et al. [194] evaluated the quality of life of CLE following different treatments and 

showed that methotrexate and MMF were more effective than azathioprine for CLE 

management as evaluated by CLASI index. Overall, studies assessing the efficacy of 

immunosuppressants in CLE are small and limited in the ability to draw a conclusion and 

further work needs to be carried out.  

Oral dapsone and retinoids are recommended as second-line systemic treatment in 

selected CLE patients unresponsive to other treatments, preferable in addition to 

antimalarials [178]. Dapsone can cause agranulocytosis, haemolysis, 

methemoglobinemia, or a hypersensitivity reaction, and therefore monitoring for 

hematologic and hepatic toxicity is critical. Patients with glucose-6-phoshate 

dehydrogenase deficiency should not take dapsone [195]. 

Biologics: The unique biologic agent approved for SLE is belimumab, a human 

monoclonal antibody that inhibits B-cell activating factor, also known as B-lymphocyte 

stimulator (BLyS). Belimumab has demonstrated improved SLE disease activity on 

musculoskeletal and mucocutaneous parameters in data pooled from two phase III trials.  

[196], but the trials were not designed or powered to determine its efficacy in any specific 
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organ domain. Therefore, according to the European guidelines belimumab is not 

recommended for the treatment of CLE without systemic involvement [178]. 

The other anti-B cell therapy is Rituximab, an anti-CD20 monoclonal antibody, showed 

efficacy in case reports of refractory lupus profundus and SCLE [197,198] but not in the 

Randomised Clinical Trials (RCTs). For this reason, it is not either recommended by 

guidelines. Recently, anifrolumab, a human monoclonal antibody to type I interferon 

receptor subunit 1, has been approved for SLE showing discrete efficacy [199]. However, 

improvements in skin conditions were observed. Among patients with at least moderately 

active skin disease (CLASI ≥10) at baseline, a reduction of 50% or more in the CLASI at 

week 12 occurred in 49.0% of the patients (24 of 49) receiving anifrolumab and in 25.0% 

(10 of 40) receiving placebo (adjusted difference, 24.0 percentage points; 95% CI, 4.3 to 

43.6; adjusted P=0.04).  

Novel biological treatments may appear in the next years as several molecules are being 

currently evaluated in different clinical trials specific for CLE.  

Immunomodulators: Several case series support the use of immunomodulatory drugs 

(IMiDs) such as thalidomide or analogs like lenalidomide for erythema nodosum leprosum, 

Behcet´s disease and refractory CLE. In CLE, both drugs have shown a marked efficacy, 

achieving clinical remission in 80–90% of the refractory SCLE or DLE patients [200].  

Although thalidomide is considered a third line of treatment in CLE, for the PhD purposes 

this section will be described in more detail.   

 
1.3 Thalidomide definition  

Thalidomide is a derivative of glutamic acid, an oral non-barbituric drug, developed by 

Chemie Gruenenthal GmbH in West German in 1954. It is formed by S(–) and R(+) 

enantiomers that interconvert under physiological conditions. The S(–) form potently 

inhibits release of TNFα from peripheral mononuclear blood cells, whereas the R(+) form 

seems to act as a sedative [201].  In late 1950s and early 1960s it was prescribed as a 

sedative and hypnotic. Patients with hyperthyroidism and thyrotoxicosis, labile 

hypertension, bronchial asthma, and “nervous gastric troubles” were treated with 

thalidomide. Moreover, it was especially effective for the treatment of morning sickness 

and nausea of pregnant woman.  
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1.3.1 History of thalidomide  
 

Thalidomide rapidly became a popular sedative and antiemetic, marketed under at least 

37 names worldwide. However, shortly, its high teratogenicity was described, newborns of 

women who took thalidomide during gestation were born with important congenital birth 

defects such as phocomelia [202]. Thalidomide was then withdrawn for the market in 1962, 

however, it is estimated that around 7000-8000 births were affected with congenital 

defects in at least 14 countries. 

 
1.3.2 Thalidomide current indications  

In 1965, Sheskin et al [203], reported that thalidomide was administered to a patient with 

erythema nodosum leropsum because of his insomnia and conversely, had an impressive 

therapeutic response in his skin condition. Within this discovery, thalidomide was then 

selectively reintroduced for the treatment other immune-mediated skin disorders during 

the 1970s and 1980s. Thalidomide beneficial effects were reported in the treatment of 

patients with actinic prurigo, prurigo nodularis and chronic aphthosis [204–206]. In 1975, 

Barba-Rubio and Franco-González [207]  reported good clinical response in patients with 

discoid lupus erythematosus treated with thalidomide.   

Thalidomide is also an anticarcinogenic agent both as a single agent or in combination 

with dexamethasone or other chemotherapeutic agents [208]. The best response rates 

had been observed in hematological malignancy, especially in relapsing or refractory 

multiple myeloma with a clinical response ranging 25-69% [209]. 

1.3.3 Thalidomide efficacy in CLE 

Since beneficial effects in CLE were reported, multiple studies have been performed. 

Studies show that thalidomide’s efficacy in CLE patients is significant, with 80–90% 

reaching clinical remission [210–212] . The majority of CLE patients included had DLE, to 

a lesser extent SCLE and much less frequently acute lupus, lupus profundus and lupus 

tumidus. The response rates were significantly higher in DLE and SCLE (98%), whereas 

in the other CLE subtypes the response rates only reached 50%. Recurrence in CLE 

reaches 70% occurring when decreasing or interrupting treatment. Relapse is frequent 

after thalidomide’s withdrawal and most common in DLE. Among patients with DLE, the 

generalised subtype tended to recur more than the localised one. All cases responded to 

the drug reintroduction; therefore, a minimal maintenance dose is required in some 

patients to avoid relapse.  Clinical improvement was observed within the first 2 weeks of 

treatment, although a complete response usually occurred between weeks 4 and 8. 
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Although no studies have established an induction and maintenance dosage for the control 

of skin lesions, the different studies have used between 100 and 400 mg/day.  

1.3.4 Thalidomide side effects 
 
Thalidomide drug has important side effects such as teratogenicity, peripheral neuropathy 

in 20-30% of patients and thromboembolic events [213]. Minor side effects include 

constipation, somnolence and amenorrhea. For this reason, the clinical benefits in CLE 

need to be balanced against thalidomide potential side effects. Its use is restricted to 

severe CLE disabling conditions and only after the failure of several previous treatments.   
 

1.3.5 Thalidomide described mechanism of action 

In 2010, Ito et al [214], discovered that the Cereblon (CRBN) protein was the primary target 

of thalidomide and its analogues lenalidomide and pomalidomide. CRBN forms part of E3 

ubiquitin ligase complex (CRL4CRBN) composed by Cullin-4A(CUL4), damage-specific 

DNA-binding protein 1 (DDB1) and RING-box protein 1 (RBX1), and its function is to target 

substrates for degradation via ubiquitin-proteasome pathway. When IMiDs bind to CRBN, 

there is an alteration for the substrate specificity of E3 ligase CRL4CRBN, displacing 

endogenous substrates, and as a result, other substrates are recruited and degraded, 

leading to the beneficial immunomodulatory effects of thalidomide, but also to its 

undesirable teratogenic effects.  

Ikaros (IKZF1) and Aiolos (IKZF3) are well-known described substrates of CRL4CRBN in 

presence of IMiDs. These two proteins are transcription factors that regulate gene 

expression, and their degradation promotes a downregulation of c-MYC and IRF4 

(Interferon Regulatory Factor 4) [215].  Both c-MYC and IRF4 are factors that sustain 

multiple myeloma cells growth and survival, and their modulation by IMiDs has been 

shown to be beneficial with anti-proliferative and pro-apoptotic effects [216].   

Moreover IKZF1/3 are involved in the modulation of immune response. IKZF1 modulates 

dendritic cell development and function, specifically pDCs and DCs numbers [217] in 

humans.  Moreover, IMiDs-CRBN-IKZF1/3-IRF4 axis is also involved in NK-cell activating 

ligand by multiple myeloma cells [218]. IKZF transcription factors act as regulators of T 

cell homeostasis by negatively regulating Th1 cell polarization and promoting Th17 and 

Treg responses [219]. Also, Th1 cytokines IFNγ and IL-2, and inflammatory cytokines, 

TNFα and Granulocyte-macrophage colony-stimulating factor (GM-CSF) and, IFN type I 

genes are negatively regulated by IKZF1 [220].  
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Other recent novel but less explored identified substrates of CRL4CRBN in presence of 

IMiDs are Casein kinase 1A1 (CK1), Sal-like protein 4 (Sall4), Tumor protein p63 (p63) 

and G1 To S Phase Transition 1 protein (GSPT1) [221–224].   

 
1.3.6 Thalidomide biological properties 

 
Thalidomide is known to have beneficial therapeutic effects mediated by its anti-

inflammatory, immunomodulatory and anti-angiogenic properties (Fig 16): 

- Anti-inflammatory. In 1991, it was discovered that thalidomide inhibited the synthesis of 

TNFα [225]. TNFα induces an increased vascular permeability leading to a greater 

recruitment of inflammatory cells, immunoglobulins, and complement, as well as causing 

activation of T and B lymphocytes [226]. Activated macrophages are the main producers 

of TNFα and also highly reactive to it, although it can be produced by many other cell 

types. It has been demonstrated that thalidomide inhibits the alternative activation of 

macrophages accompanied by a reduction of TNFα,  IL-4, IL-5, IL-13, and IL-17 [227]. 

Moreover, thalidomide anti-inflammatory effect is mediated by the modulation of other 

inflammatory cytokines such as IL-1, IL-2, IL-6, IL-8, IL-10, IL-12, and IFNγ [228]. 

- Immunomodulatory. To date, the immunomodulatory effect of thalidomide is poorly 

understood. 	In 1998, it was discovered that thalidomide could co-stimulate T cells 

independently of the secondary interaction between B7 and CD28 molecules [229]. 

Immunomodulatory effects of thalidomide analogues, lenalidomide and pomalidomide, 

have been studied and they promote stimulatory effects in both CD4+ and in CD8+ T cells 

[230]. IMiDs exert their effects by activating protein kinase C delta (PKC-θ) and acting o1 

AP-1 DNA-binding activity in T cells, resulting in augmented IL-2 synthesis and activation 

of IL-2-dependent downstream effectors, such as NK cells [231].  

- Anti-angiogenic. It was in 1994 when the anti-angiogenic effect of thalidomide was 

discovered. Using a rabbit model, it was demonstrated that thalidomide could inhibit the 

fibroblast growth factor and vascular endothelial growth factor (VEGF) induced in 

angiogenesis [232]. Due to its anti-angiogenic effects, thalidomide is able to alter fetal 

development in pregnant women, which leads to fetal deformity. However, at the same 

time this effect is one of the mechanisms for its antitumour activity. In vitro and in vivo 

studies suggest that IMiDs may inhibit angiogenesis by anti-migratory mechanisms [233, 

234]. Thalidomide reduces metastasis by reducing the expression of proangiogenic 

cytokines such as VEGF that decreases both capillary density and the number of adhesion 

cells [235].  
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Figure 16. The pleotropic effects of thalidomide. From Shortt et al. [236] 

 

1.4 Differences between SCLE and DLE subtypes 

Although CLE shares common histological and pathophysiological features, its clinical 

heterogeneity has been largely established. Clinically they differ in the type of lesion, 

duration and outcomes. SLCE resolve without scarring whereas DLE is prone to leave 

irreversible fibrotic scars with pigmentary changes (Fig 17). 

 In 1992 David-Bajar et al. proposed that SCLE and DLE may have different pathological 

mechanisms [237]. Immunofluorescence studies show a different distribution of IgG 

deposits with a predominance in the dermal-epidermal junction (DEJ) in DLE lesional skin, 

whereas in SCLE, IgG patterns were predominantly found in the epidermis. IgM and IgA 

were both found in the DEJ of both subtypes. In addition, serologically, SCLE is strongly 

associated with anti-SSA/Ro and SSB/La antibodies and the presence of SLE, whereas 

many DLE do not have detectable circulating antibodies and the progression rates to a 

systemic disease are low.    
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Figure 17.  DLE and SCLE patients before and after treatment. After treatment, in DLE permanent 
scarring occurs in lesional sites. In contrast in SCLE, lesions completely resolved without sequelae.  
 

In recent years, the use of next-generation transcriptomic techniques has led to the study 

of the molecular heterogeneity of DLE and SCLE.  Gene microarray analysis of DLE and 

SCLE lesional skin compared with non-lesional skin from paired patients performed by our 

group showed that DLE and SCLE lesional skin present differentially transcriptional prolife 

from their respective non-lesional CLE subtype. However, direct comparison of DLE and 

SCLE differentially expressed genes, showed that there were no uniquely differentiated 

genes in SCLE. Analyzing the identified differentially expressed genes in the DLE lesional 

skin, CD4+T cell enrichment with an imbalance towards T helper 1 predominance and an 

increase FoxP3 response was observed. Also, it was shown a TGF-β-dependent pathway 

inducing fibrosis in DLE [142]. All this data suggests there are differences in pathogenesis 

in the DLE subtype.  

 
Cytokine assessment in CD4+ T cells from DLE and SCLE present in the skin, showed that 

IL-17, IL-22 and IFNg were significantly higher expressed in DLE compared in SCLE, 

SCLE 

Active disease Resolution 

DLE 
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expression levels in SCLE were higher when compared with healthy controls. Similar 

results has been described in In circulation, suggesting that T cell responses are more 

intense in DLE compared with SCLE [238].  

B cells have been recently studied in gene expression programs showing a significant 

enrichment in numbers and subsets in the lesional skin of DLE lesions compared to SCLE, 

suggesting a most pronounced role of B cells in DLE pathogenesis compared with SCLE. 

However, the study did not deepen into the role of B cells, their recruitment and their 

differentiation in lesional skin in CLE [155]. 

Finally, it is suggested that there is heterogeneity of clinical response to therapy between 

subtypes, as DLE tends to be more refractory to standard treatment than other CLE 

subtypes [239]. However, the only evidence-based study comparing medication response 

by subtype or race did not find statistically significant difference when comparing SCLE vs 

DLE (p > 0.05).  Whereas DLE forms tended to relapse and required a long-term 

maintenance dose of thalidomide, SCLE forms showed a sustained remission after 

withdrawal. In addition, although response to thalidomide is similar between the two types 

of CLE, DLE forms tended to relapse and required a long-term maintenance dose of 

thalidomide, SCLE forms showed a sustained remission after withdrawal [240]. 
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2. Hypothesis and Objectives 
 

2.1 Hypothesis 
 
The pathogenesis of CLE is not completely understood. MiRNAs, are fine regulators of 

gene expression and have been described to be involved in the pathogenesis of other 

autoimmune chronic skin diseases, therefore, our first hypothesis is that: 

• There are differentially expressed miRNAs between CLE lesional and CLE non-

lesional skin and that they contribute to CLE pathogenesis.  

 
Moreover, the DLE subtype develops inflammatory lesions that progress into 

hypopigmented scarring areas. Therefore, our second hypothesis is that: 

• There are miRNAs that differ from DLE and SCLE subtypes and may be involved 

in the DLE pathogenesis and may explain the characteristic DLE features.  
 

In addition, up to 40% of patients are refractory to standard treatment and for these cases 

there is no consensus algorithm and a trial-and-error approach using multiple systemic 

immunosuppressive agents with a variable poor clinical response is being used. 

Thalidomide, although used as a third line of therapy, is an effective drug for refractory 

CLE cases, with a proven clinical efficacy of 80-90%. However, its use is restricted due to 

its severe side effects. Its mechanisms of action in skin inflammatory diseases and 

specifically in CLE it is not elucidated. And our third hypothesis is that: 

 

• Identification of thalidomide’s mechanism of action in CLE may help us to identify 

novel therapeutic targets in order to develop in the future new drugs as effective 

as thalidomide but with fewer adverse effects.  
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2.2 Objectives 
 
In order to demonstrate the hypothesis, the project has been divided in three parts and the 

following objectives associated to a chapter have been established: 

 

- Chapter 1: microRNAs in CLE 

o Objective 1:  To Identify a specific DLE miRNA profile compared with 

SCLE, and to study the role of the differentially expressed miRNAs in DLE 

pathogenesis.  

o Objective 2: To identify the miRNA profile in CLE lesional skin in 

comparison with CLE non-lesional skin, and to study the role of the 

differentially expressed miRNAs in CLE pathogenesis. 

 

- Chapter 2: Thalidomide mechanism of action in CLE 

o Objective 3: To Identify the Thalidomide mechanism of action in CLE and 

novel putative therapeutic targets.  

 

- Chapter  3: Thalidomide – miRNAs 
o Objective 4: To study the expression of the discovered miRNAs in skin 

from CLE patients before and after thalidomide treatment and also in vitro 

within primary cells treated with thalidomide.  
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3. Materials and Methods 
 
In order to conduct this thesis, the following methods cited in table 5 have been performed. 

Some methods are common in the different scientific manuscripts (Paper I, II and III) and 

some of them are specific for each work. They are detailed below in this section and also 

in the materials and methods section of each paper. 

 

Chapter 1. microRNAs in CLE Chapter 2. Thalidomide 
Mechanism of action in CLE 

Paper I. miR-31 and miR-

485-3p in DLE. 
Paper II. miR-885-5p in 

CLE 
Paper III. Thalidomide 

mechanism of action in CLE. 

3.1 Common methodology between Paper I and Paper 

II: 
3.3 Specific methods for Paper III 

 
3.1.1 Baseline characteristics of the patients. 
 
3.1.2. Biological samples collection 
 
3.1.3. miRNA extraction from skin biopsies 
 
3.1.4. miRNA screening of lesional and non-lesional 
skin samples 
 
3.1.5. Statistical Analysis of miRNA microarray data. 
 
3.1.6. miRNA RT-qPCR  
 
3.1.7. In situ Hybridization 
 
3.1.8 ELISA (Enzyme-Linked ImmunoSorbent Assay) 
 
3.1.9 Anti-miRNA or mimics-miRNA (Paper I and II) 

 
3.3.1 Baseline characteristics of 
the patients  
 
3.3.2. Biological samples 
collection 
 
3.3.3. RNA extraction from skin 
biopsies 
 
3.3.4. RNA-sequencing in 
thalidomide pre and post treated 
samples and library construction   
 
3.3.5 Identification of the 
thalidomide mechanism of action 
by applying TPMS protocols 
 
3.3.6 Immunohistochemistry 
 
3.3.7 Protein extraction from skin 
biopsies 
 
3.3.8.Western blot 
 
3.3.9 Ubiquitination assay in vitro 
  
3.3.10 Ubiquitination assay in 
vivo 
 
3.3.11 Thalidomide preparation  
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3.2 Specific methods for 

paper II 
3.2.1 Gene microarray in 
anti-885-5p transfected 
keratinocytes. 
 
3.2.2 Statistical analysis 
of the mIR-885-p 
transfected keratinocytes 
microarray 
 
3.2.3 Kinetic study of the 
expression levels of mIR-
885-p following 
stimulation 
 

3.2.4 Luciferase assay 

 

Chapter 3: Thalidomide – miRNA 

3.4.1 Hydroxychloroquine preparation. 

Notes: 

- Thalidomide was prepared as detailed in Chapter 2 (3.3.11) 

- RT-qPCR of microRNAs of interest was performed as detailed in Chapter 1 (3.1.6) 

- Skin samples used were the same as in Chapter 2. (3.3.1, 3.3.3) 

3.5 Common methodology for Chapter 1, 2, 3 (Paper I,II and III) 
 

3.5.1 Cell culture  
3.5.2 Cell stimulation 
3.5.3 siRNA transfection 
3.5.4. Migration experiments 
3.5.5 Gene expression analysis 
3.5.6 Immunofluorescence analysis of cultured cells 
3.5.7 Functional cell assays (Proliferation and Apoptosis) 
3.5.8 Flow Cytometry 
3.5.9 Immunofluorescence in skin biopsy 
3.5.10 Statistical Analysis of the obtained data 

 

Table 5: Experimental Methods performed in the thesis 
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3.1. Chapter 1: Common methodology in the study of microRNAs in CLE  
 
 
3.1.1 Baseline characteristics of the CLE patients included in the study (Paper I 
and II) 
 
In order to conduct the microRNA profiling study in CLE skin, CLE patients were recruited 

from the Rheumatology Department at Vall d’Hebron University Hospital (Barcelona, 

Spain). A total of 20 patients were enrolled of whom 10 were diagnosed with DLE and 10 

with SCLE. The patient inclusion criteria were:  1) age ≥ 18 years; 2) the presence of active 

cutaneous lupus lesions bigger than 3cm; 3) the presence of lesions classified by the CLE 

Disease Area and Severity Index (CLASI) > 4; 4) no previous treatment with 

immunosuppressants for ≥1 month or topical corticoids for at least ≥2 weeks. 

 

The study was approved by the local Vall d’Hebrón ethics committee and written informed 

consent was obtained from all subjects before enrolment.  The diagnosis and classification 

of CLE were based on clinical and histological criteria according to the 2004 Dusseldorf 

classification [35]. 

 

The baseline, clinical and laboratory characteristics of the patients that participated in the 

study are summarised in the Table 6: 

 

Clinical features* 
DLE 

(n=10) 
SCLE 
(n=10) 

P value 
………. 

 AGE, mean (SD), in years 44 (10.3) 51 (15.9) 0.25 
Female, n (%) 7 (70%) 8 (80%) 0.79 
Photosensitivity, n (%) 3 (30%) 5 (50%) 0.47 
Smoking, (%) 6 (60%) 1 (10%) 0.05 
CLASI ACTIVITY, mean (SD) 9.8±3.7 6.54±2.16 0.03 
Skin Lesion Location 

• Back 
• Arm 
• Face 
• V-neck area 

 
4 (40%) 
2 (20%) 
4 (40%) 
0 (0%) 

 
5 (50%) 
3 (30%) 
0 (0%) 

2 (20%) 

 
0.11 
0.65 
0.04 
0.15 

CLASI DAMAGE, mean (SD) 1.78±1.76 0.18±0.60 0.01 
SLE 4 (40%) 6 (60%) 0.52 
Duration of cutaneous lesions, 
months, mean (SD) 

8.9 (3.7) 6.2 (5.57) 0.21 

ANA positive, n (%) 5 (50%) 7 (70%) 0.56 
Anti-Ro positive, n (%) 1 (10%) 5 (50%) 0.10 
Previous CLE medication 

• Topical Steroids 
• Antimalarials 

 
10 (100%) 
10 (100%) 

 
10 (100%) 
10 (100%) 

 
0.99 
0.99 
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• Immunosupressants 
     - Methotrexate 
     - Azathioprine 
     - Mycophenolate 

• Dapsone 
• Retinoids 
• Thalidomide 
• Oral Steorids 

 
 

 
4 (40%) 
3 (30%) 
2 (20%) 
0 (0%) 
0 (0%) 

5 (50%) 
4 (40%) 

 
4 (40%) 
2 (20%) 
0 (0%) 
0 (0%) 
0 (0%) 

5 (50%) 
6(60%) 

 
0.99 
0.50 
0.75 
0.99 
0.99 
0.99 
0.52 

 

Table 6: Baseline characteristics for 20 patients diagnosed with CLE that participated in the 
microRNAs in CLE skin research project (DLE= 10, SCLE= 10).* Patients were not receiving  
treatment with immunosuppressants for ≥1 month or topical corticoids for at least ≥2 weeks before 
inclusion. 
 
 
3.1.1.2. Biological samples collection (Paper I and II) 
 
Two six-milliliter skin punch biopsies were taken from lesional active skin and non-lesional 

skin of CLE paired patients. The first skin biopsy was divided into two sections: the first 

was used for miRNA microarray experiments and the second section was fixed in 5% 

formalin and paraffin-embedded in order to perform immunohistochemistry technique.  

The second six-millimeter skin punch biopsy was immediately processed for keratinocyte 

and fibroblast primary cell isolation or frozen at -180ºC for immunofluorescence studies.  

In order to validate the results obtained in the miRNA screening, a new cohort of formalin-

fixed paraffin embedded (FFPE) lesional samples obtained from DLE (n=20) and SCLE 

(n=18) patients was included (Table 7).  

 

 
Clinical features* 

  

DLE 
(n=20) 

SCLE 
(n=18) P value 

 AGE, mean (SD), in years 51 (9.7) 44 (12.8) 0.05 

Female, n (%) 14 (70%) 10 (55,5%) 0.66 

Photosensitivity, n (%) 6 (30%) 9 (50%) 0.43 

Smoking, (%) 14 (70%) 2 (11,1%) 0.002 

CLASI ACTIVITY, mean (SD) 8.89±4.6 6.53±2.2 0.07 
Skin Lesion Location 

• Back 
• Arm 
• Face 
• V-neck area 

 
8 (40%) 
4 (20%) 
8 (40%) 
0 (0%) 

 
9 (50%) 

3 (16,6%) 
0 (0%) 

6 (33,3%) 

 
0.80 
0.70 

0.004 
0.01 

CLASI DAMAGE, mean (SD) 2.01±1.86 0.15±0.50 0.001 

SLE 8 (40%) 12 (66,6%) 0.37 
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Duration of cutaneous lesions, 
months, mean (SD) 10.1 (5.7) 7.2 (6.7) 0.15 

ANA positive, n (%) 8 (40%) 12 (66,6%) 0.37 

Anti-Ro positive, n (%) 2 (10%) 9 (50%) 0.03 
Previous CLE medication 

• Topical Steroids 
• Antimalarials 
• Immunosupressants 

     - Methotrexate 
     - Azathioprine 
     - Mycophenolate 

• Dapsone 
• Retinoids 
• Thalidomide 
• Oral Steroids 

 
20 (100%) 
20 (100%) 

 
5 (25%) 
5 (25%) 
2 (10%) 
0 (0%) 
0 (0%) 

7 (35%) 
10 (50%) 

 
18 (100%) 
18 (100%) 

 
2 (11,1%) 
1 (5,5%) 
1 (5,5%) 
0 (0%) 
0 (0%) 

3 (16,6%) 
12 (66,6%) 

 
0.99 
0.99 

 
0.89 
0.61 
0.87 
0.99 
0.99 
0.17 
0.66 

 
 

Table 7: Baseline characteristics for the validation cohort (DLE= 20, SCLE= 18).* Patients were 
not receiving  treatment with immunosuppressants for ≥1 month or topical corticoids for at least ≥2 
weeks before inclusion. 
 

At the time of skin biopsy, blood samples were also collected from CLE patients to isolate 

peripheral blood mononuclear cells (PBMCs) that were stored at -180ºC for further 

experiments. Serum and plasma were also obtained and stored at -80ºC. 
 

3.1.3. miRNA extraction from skin biopsies (Paper I and II) 
 

a) miRNA extraction from fresh skin samples 
 

Total miRNA from fresh skin biopsies was obtained based on sample disruption and 

organic extraction using mirVana Isolation Kit (Applied Biosystems, Foster City, CA, USA). 

We selected this kit because is a rapid procedure to isolate small RNAs from tissue and 

cells using an efficient glass fiber filter based method. The method isolates total RNA 

ranging in size from kilobases down to 10-mers. Although the mirVana miRNA Isolation 

Kit efficiently purifies all RNA larger than 10 nt, it also includes procedures for isolating 

RNA fractions, specifically enriched or depleted in small RNA species. RNA molecules of 

∼200 nt and less can be efficiently purified away from the larger RNA species. The 

resulting RNA preparation is highly enriched for miRNAs. Small RNA enrichment allows 

more sensitive small RNA detection with less background as compared to the same assay 

used with total RNA. 
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Firstly, skin biopsies were homogenised by polytron and lysed with 300 µL of Lysis/Binding 

Buffer which aims to stabilize RNA and inactivate RNases. Then, 1/10 volume (30 µL) of 

miRNA homogenate was added to optimize microRNA extraction. After incubation on ice 

for 10 minutes, an equal volume to the lysate of Acid Phenol:Chloroform was added and 

the tubes were vortexed for 30 minutes and centrifuged for 5 minutes at 10.000 rpm.  The 

aqueous phase (upper) containing a semi-pure RNA samples was clearly visualised from 

the organic phase (lower) and transferred into a fresh tube with 1/3 volumes of 100% 

ethanol. Then, the enrichment procedure for small RNA enrichment was performed.  The 

enrichment is accomplished by first immobilizing large RNAs on a Filter Cartridge with a 

1/3 volume 100% ethanol concentration and collecting the flow-through containing mostly 

small RNA species. Then, 2/3 volume 100% ethanol was added to the collected flow-

through and the solution was placed into a second Filter Cartridge and centrifuged at 

10.000rpm for 15 seconds in order to retain the miRNAs. The flow-through is discarded 

and washes are performed with miRNA wash solution 1 and 2 (buffers with ethanol). 

Finally, miRNAs were eluted from the filter with 100 µL of nuclease free water (Invitrogen, 

Carlsbad, CA, USA) pre-heated to 95ºC.   

 

Agilent 2100 bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) was used to 

perform quality control and only samples with RNA integrity number ≥ 8 were selected for 

the miRNA microarray. 

 

b) miRNA extraction from FFPE samples 
 

Validation of microarray results was performed in another cohort of FFPE skin samples 

from patients with CLE. Sample blocks were cut in 20µm sections using a microtome. 

Three of the obtained sections were used to isolate the total miRNA with the PureLink 

FFPE RNA Isolation Kit (Applied Biosystems, Foster City, CA, USA). The sectioned pieces 

of FPPE skin were placed into RNase free microcentrifuge tube in which 300μl Melting 

Buffer were added. The tube was incubated 10 min at 72ºC with gentle shaking to melt 

the paraffin. 20 µl of proteinase K were added to digest the contaminating proteins present 

in the sample for 10 min at 60ºC. Then, the sample was centrifuged at maximum speed 

for 1 minute and the tissue lysate was easily separated from the paraffin and transferred 

into a clean RNase free tube. Binding buffer (400 μl) was added to lysate the sample 

together with 800 μl of 100% ethanol and mixed thoroughly. The solution was placed into 

a Filter Cartridge and centrifuged. A total of three washes were performed with ethanol 

buffers to remove impurities. Finally, elution of the miRNAs was done with 50µl of RNAse 
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free water (Invitrogen, Carlsbad, CA, USA) pre-heated at 65ºC. Isolated miRNA was 

stored at -80ºC until further use.   

 

The yield and the quality of RNA were determined by measuring its absorbance at 260nm 

and 280nm by using Nanodrop-2000 UV-Vis Spectrophotometer (ThermoFisher Scientific, 

Waltham, MA, USA), using 3μl of sample. Ratios of A260/A280 between 1.8 and 2.1 were 

considered acceptable to use the RNA for the subsequent experiments. 

 
3.1.4. miRNA screening of lesional and non-lesional skin samples (Paper I and II) 
 
High-throughput microRNA expression profiling of CLE lesional and non-lesional skin was 

acquired using TaqMan MicroRNA A+B Cards Set v2,0. (Applied Biosystems, Foster City, 

CA, USA) following manufacturing instructions. The TaqMan® Array Human MicroRNA 

Card Set v2.0 is a two-card set containing a total of 384 TaqMan® MicroRNA Assays per 

card. A total of 754 human microRNAs can be detected by using two 384-well microfluidic 

cards, where each well represents a miRNA of interest. Three endogenous controls are 

included as positive controls for data normalization and one not human microRNA is 

included as a negative control to assure the correct functioning of the technique.  

 

The procedure begins with the transcription of 350 ng of isolated miRNA to cDNA by using 

Taqman MicroRNA Reverse transcription kit in combination with the stem-loop Megaplex 

primer pool (Applied Biosystems, Foster City, CA, USA), allowing simultaneous reverse 

transcription of 450 miRNAs and endogenous controls.  After RT, the cDNA was diluted 

with RNase free water to have 50 µL total volume. Then, 50 µL of TaqMan® Universal 

PCR Master Mix (2✕) were added and the mixture was transferred into one of the eight 

loading ports on a micro fluidic card. The cards were centrifuged in a Sorvall Legend™ 

centrifuge (Kendro Scientific, Asheville, USA) for 2 min at 1200 rpm to distribute the 

samples from the loading port into each well. Following centrifugation, the cards were 

sealed with a TaqMan Low Density array sealer (Applied Biosystems, Foster City, CA, 

USA) to prevent cross-contamination. Each card was placed in the micro fluidic card 

sample block of an ABI Prism® 7900HT sequence detection system (Applied Biosystems, 

Foster City, CA, USA) and polymerase chain reaction (PCR) amplification was performed. 

Thermal Cycling conditions were as follows in table 8:  
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Step Time Temperature 

Step 1 10 min 95 ºC 

 
Step 2: 40 cycles 

15 sec 95 ºC 
60 sec 60 ºC 

Hold ∞ 4 ºC 
Table 8. qPCR conditions. 

 

Raw Cq (quantification cycle: the crossing point between the baseline corrected 

amplification curve and threshold line) values were calculated using the SDS software 

v.2.3. Array experiments were performed in four replicates.  

 
 

3.1.5 Statistical Analysis of miRNA microarray data (Paper I and II) 
 
The obtained data from the Taqman MicroRNA arrays were analysed by the Statistics and 

Bioinformatics Unit of Vall d’Hebron Research Institute (VHIR). The statistical analyses 

corresponding to arrays were performed using the R statistical software package (www.R-

project.org) (R Core Team, 2014) and the libraries developed for microarray data analysis 

by the Bioconductor Project (www.bioconductor.org). 

The biological significance of the differential expressed microRNAs and their involvement 

in cellular signaling pathways were studied using the Ingenuity Pathway Analysis (IPA®, 

QIAGEN Redwood City, www.qiagen.com/ingenuity). 

 

3.1.6.  miRNA RT-qPCR (Paper I and II) 
 
The specific detection of each miRNA of interest was conducted in the miRNA isolated 

from another cohort of FFPE samples. The total isolated miRNA was reverse transcribed 

into cDNA using specific miRNA primers with TaqMan MicroRNA Reverse Transcription 

Kit (Applied Biosystems, Foster City, CA, USA) and then PCR products were amplified 

from cDNA samples. 

 

The obtained miRNA was diluted to 50ng of RNA per RT-reaction. Then 0.15 µl of dNTPs, 

1 µL of Reverse Transcriptase, 1.5 µl of 10x Reverse Transcription Buffer, 0.19 µl RNAse 

inhibitor, 4.16 µl of Nuclease free water and 3µl 5x of specific miRNA RT primer were 

added. The following Reverse Transcription (RT)  primers for hsa-miR-31, hsa-miR-485-

3p, hsa-miR-885-5p and hsa-miR-139-5p quantification were used and also endogenous 

control miR-U6 expression was assessed for data normalization (Applied Biosystems, 
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Foster City, CA, USA). Master mix with all the reagents was prepared in order to assure 

properly consistency and avoid pipetting bias errors.  The RT-reaction tubes were placed 

in a thermocycler (Biometra, Göttingen, Germany) and incubated using standard cyclin 

the following settings in Table 9: 

 

Step Time Temperature 

Step 1 30 min 16 ºC 
Step 2 30 min 42 ºC 
Step 3 5 min 85 ºC 
Hold ∞ 4 ºC 

Table 9. miRNA reverse transcription conditions. 

 

After that, the quantification of each miRNA was performed by real time quantitative PCR. 

The obtained cDNA was placed into 96 well plaques and 1 µl of Specific PCR primers for 

hsa-miR-31, hsa-miR-485-3p, hsa-miR-885-5p and hsa-miR-139-5p and for the 

endogenous control miR-U6 (Applied Biosystems, Foster City, CA, USA) were added in 

each appropriate well together with 10 µl of TaqMan® Universal Master Mix II, no UNG 

(Applied Biosystems, Life Technologies, CA, USA). Again, a master mix with all the 

reagents was prepared in order to assure properly consistency. Once prepared, the plate 

was sealed with adhesive PCR film (ThermoFisher Scientific, Waltham, MA, USA) and 

placed into ABI7000 (Applied Biosystems, Life Technologies, CA, USA) with the following 

conditions (Table 10). All the assays were performed in triplicate.  

 

Step Time Temperature 

Step 1 10 min 95 ºC 

Step 2: 40 cycles 
15 sec 95ºC 
60 sec 60 ºC 

Hold ∞ 4 ºC 
Table 10. qPCR conditions. 

 

The quantification of the miRNAs was based on the fluorescence in each reaction, 

expressed in terms of threshold cycle (Ct) values provided by the thermal cycler at the end 

of the PCR reactions.  To analyze the data the ΔCT method was used. Within this method 

it is assumed that the target and the reference miRNAs have similar amplification 

efficiencies, therefore it is crucial that the expression of the endogenous control (U6 
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snRNA) does not change due to the different biological and experimental. In our study the 

expression of U6 snRNA did not change between lesional and non-lesional skin or 

between different experimental conditions in cell culture. Target miRNAs were normalised 

with the reference U6 snRNA and finally the expression ration was calculated. Fold change 

was calculated dividing the obtained relative expression with the control or calibrator 

sample/condition. In the skin, the calibrator condition was the non-lesional skin and in the 

cell culture experiments was the transfected control or non-stimulated condition.  

 

3.1.7. In situ Hybridization studies (Paper I and II) 
 
In order to locate the differentially expressed miRNAs in the skin, in situ hybridization was 

performed on the second-cohort patients (validation cohort) in PFEE sections (6-4 μm 

thickness) from lesional and non-lesional areas of DLE and SCLE patients using 

miRCURY LNA microRNA ISH Optimization Kit (FFPE) (Qiagen, Hilden, Germany).  

Sections were deparaffinised submerged in Xylene for 15 minutes and then in 99,9% 

ethanol, 96% ethanol, 70% ethanol for 5 minutes each. Then, they were treated with 

proteinase K (20μg/ml) during 10 minutes at 37ºC for protein digestion. After being washed 

twice with PBS, 50µL of hybridization mix containing LNA microRNA probe of specific 

miRNAs (20nM) (miR-31, miR-485-3p, miR-885-5p, miR-139-5p) (Qiagen, Hilden, 

Germany) was incubated overnight at 55ºC in the DAKO humidified hybridization chamber 

(Agilent, Santa Clara, CA, USA).  LNA Scramble miR probe and LNA U6 snRNA (25nM) 

were also hybridised as negative and positive controls respectively. On the next day, the 

slides were stringently washed with 5x Saline- Sodium Citrate buffer (SSC), 1xSSC and 

0.2xSSC at hybridization temperature (55ºC) for 5 minutes each. Another wash was done 

with 0.2xSSC for 10 minutes at room temperature. The sections were then placed into a 

humidified chamber and incubated with blocking solution (Bovine Serum Albumin, BSA 

5%) to avoid unspecific bindings at room temperature. The blocking solution was removed, 

and the sections were incubated with the alkaline phosphatase-conjugated sheep 

antidigoxigenin Fab fragments (1:800) (Roche, Basel, Switzerland) overnight at 4ºC. The 

probe was visualised by an incubation of 2 hours at 30ºC with the AP substrate (NBT-

BCIP tablets in Milli-Q water with 0.2mM of Levamisole) (Sigma-Aldrich, Sant Louis, MO, 

USA) followed by a double incubation of KTBT (AP stop solution, prepared with 50mM 

Tris-Cl, 150 mM NaCl and 10 mM KCl) at room temperature during 5 min. The slices were 

then dehydrated with rising ethanol concentration buffers (70%, 96%, 99,9% ethanol each 

for 5 minutes) and mounted with mounting medium. The staining was observed with 

Olympus IX71 (TH4-200) U-RFL-T microscope. Optimization of concentration of the 
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reagents and incubation timings was achieved previously by assessing miR-31 in situ 

hybridization in psoriasis lesional and non-lesional samples. 

 

3.1.8.  ELISA (Enzyme-Linked ImmunoSorbent Assay) (Paper I and II) 
 
The supernatant (culture medium) of all the in vitro experiments was collected and stored 

at -80ºC. For cytokine measurement ELISA (Abcam, Cambridge, UK) was performed. The 

supernatants were thawed at 37ºC in the water bath and centrifuged for 10 minutes at 

2000 rpm to remove the possible presence cellular debris. 100µL of each standard and 

sample were added to the appropriate wells of the ELISA plaque. Then 50 μL of 1X 

Biotinylated antibody (Table 11)  was added to all wells and the plaque was covered and 

incubated for 3 hours at room temperature. After incubation, the plaque was washed tree 

times with 1x Wash Buffer. 100 µL of 1X Streptavidin-HRP solution was added into each 

well. The plaque was re-covered and incubated at room temperature for 30 minutes. Three 

washes were repeated and 100 μL of Chromogen TMB substrate solution were added into 

each well.  After incubation in the dark for 20 minutes at room temperature the substrate 

was visible and 100 µL of stop reagent was added. The plaque was immediately analysed 

with a spectrophotometer using 450 nm as the primary wavelength. Triplicates were 

performed. The mean absorbance for each set of standards, controls and samples, and 

the average zero standard optical density was subtracted.  

 

Biotinylated antibody Supplier  Paper 

Anti-IL-12 Abcam Paper I 

Anti-IL-1β Abcam Paper I and II 

Anti-IL-8/CXCL8 Abcam Paper I and II 

Anti-CCL5 Abcam Paper II 

Anti-CCL20 Abcam Paper II 

Anti-TNFα Abcam Paper II 

Anti-S100A7 Abcam Paper II 
Table 11. Antibodies used in ELISA assay. 

 

3.1.9  Anti-miRNA or mimics-miRNA (Paper I and II) 
 
After 24 hours at 37ºC 5% CO2, miRNA inhibition or overexpression was performed 

following mirVana™ miRNA Transfection protocols. In brief, cells were visualised under 

the microscope before starting to confirm that they were around 60% of confluence. Then, 
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3 µl of Lipofectamine 2000 (Thermofisher scientific, Waltham, MA, USA) was diluted into 

50 µL of Opti-MEM Medium (Thermofisher scientific, Waltham, MA, USA). On a separate 

Eppendorf tube, 1 µl of the synthetic anti-miRNA or miRNA-mimics (10µM) (Thermofisher 

scientific, Waltham, MA, USA) was diluted with 50 µL of Opti-MEM. Next 450 µL of 

complete media was added to the wells Opti-MEM media presents a 50% serum reduction 

which facilitates the cationic lipid transfections. Both tubes were combined into one single 

tube and the mix was incubated for 5 minutes at room temperature for miRNA-lipid 

complex generation.  

3.2. Specific methodology in the study of miR-885-5p (paper II) 
 

3.2.1 Gene microarray in anti-885-5p transfected keratinocytes (Paper II) 
 
Gene microarrays are designed for profiling the expression of predefined or customised 

sets of genes in tissues, cells or fluids.  They consist in solid surfaces in which a collection 

of microscopic spots is attached. These spots are specific proves complementary to the 

genes that we aim to detect. Since mRNA is degraded easily, it is necessary to convert it 

into a more stable cDNA form. The process in which the cDNA binds to its complementary 

probe is named hybridization. The hybridization level of the specific probe with the target 

cDNA will determine a fluorescent intensity measurable by image analysis and therefore, 

the gene expression is quantifiable in the processed samples.    

 

In order to evaluate the effect of miR-885-5p in keratinocytes after anti miR-885-5p 

inhibition and stimulation, RNA was extracted and gene microarrays were carried out using 

the Clariom™ S Array Assay (Thermofisher scientific, Waltham, MA, USA)), human an 

array with 20.000 well-characterised human genes used to explore human biology and 

disease processes. Within this array, the probes are distributed across the full length of 

the gene, providing a complete and accurate picture of overall gene expression.  

 

The arrays were performed at the Unitat d’Alta Tecnologia (UAT) of Vall d’Hebron Institut 

de Recerca (VHIR). First, samples were processed using the Affymetrix GeneChip WT 

PLUS Reagent kit (Thermofisher scientific, Waltham, MA, USA). Then the obtained cDNA 

(500ng) was labeled by exploiting the 3’ hydroxyl end by T4 RNA ligase-mediated ligation 

of a p-CU-Cy3 dinucleotide (TriLink, BioTech, San Diego, CA). Labeled samples were then 

dried, resuspended in RNAse free water and co-hybridised with the Clariom™ S Array. 

Once the hybridization was completed, samples were subsequently washed, and slides 

were scanned on an appropriate microarray scanner and quantified with the Affymetrix 

analysis software (Thermofisher scientific, Waltham, MA, USA). 
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3.2.2 Statistical analysis of the mIR-885-p transfected keratinocytes microarray 
(Paper II) 
 
Data obtained from the microarrays were analysed by the Statistics and Bioinformatics 

Unit of our institute Vall d’Hebrón Institut de Recerca (VHIR). The statistical analyses 

corresponding to arrays were performed using the R statistical software package (www.R-

project.org) (R Core Team, 2014) and the libraries developed for microarray data analysis 

by the Bioconductor Project (www.bioconductor.org) (Gentleman et al, 2004).  

 

3.2.3 Kinetic study of the expression levels of mIR-885-p following stimulation 
(Paper II) 
 
Primary keratinocytes were cultured in 96 well-plates treated with Poly-D-Lysine that 

facilitates cells adhesion (Sarstedt, Nümbrecht, Germany). After letting keratinocytes 

adhere for 24h, cells were stimulated with IL-1 α (5 ng/μL) or TNFα or TGFβ or IFNα (10 

ng/μL, Life Technologies, Thermofisher scientific, Waltham, MA, USA) or 25-50mJ/cm2 

UVB (Westinghouse Electric, Pittsburgh, PA, USA). RNA was extracted 0h, 2h, 4h, 6h, 8h, 

12h, 18h and post-stimulation and miR-885-5p expression was evaluated. 

 

3.2.4 Luciferase assay  
 
To demonstrate putative target genes of miRNA 885-5p, Firefly/Renilla Dual Luciferase 

Assay (Promega, Wisconsin, USA) was performed. Within this assay, a reported gene is 

cloned with a DNA sequence of interest into an expression vector that is transferred into 

the cells. Then, the cells are assayed for the presence of the reporter. Luciferase assays 

consist in bioluminescent reporters which present exceptional sensitivity, moreover, there 

is no endogenous activity in the host cells to interfere with quantifications. Renilla was 

used as an endogenous control for the normalization of the Luciferase in order to reduce 

the variability that could be present between samples due to differences in the transfection 

efficiency. Each experiment was done in five replicates. 

 

In order to do it, 1x104 primary keratinocytes were seeded into 96 well plates and were co-

transfected with 3 µl Dharmafect transfection reagent (Invitrogen, Carlsbad, CA, USA) with 

the plasmids pEZX-MT01-PSMB5 3′UTR or pEZX-MT01-TRAF1 3′ UTR and the following: 

- Negative Control 

- mir-885-5p mimics 10 µM 

- miRNA scrambled (control) 10 µM 
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After 24h, cells were lysed with 20 µL cell lysis buffer and incubated with Luciferase 

substrate. After lecture in the luminometer LUMIstar Omega (Ortenberg,Germany), Renila 

substrate was added a second lecture was performed.  Data is normalised by the average 

ratio (Firefly/Renilla) and shown as percent activity by multiplying the fold change in activity 

by 100.  

3.3. Chapter 2. Thalidomide mechanism of action in CLE 
 
3.3.1 Baseline characteristics of the patients (Paper III and Chapter 3) 
 

A total of 10 patients were included in the study. Demographic characteristics are shown 

in Table 12 . The patient inclusion criteria were:  1) age ≥ 18 years; 2) the presence of 

active cutaneous lupus lesions bigger than 3cm; 3) the presence of lesions classified by 

the CLE Disease Area and Severity Index (CLASI) > 4 at the time of the skin biopsy; 4) no 

previous treatment with immunosuppressants for ≥1 month or topical corticoids for at least 

≥2 weeks. 5) At inclusion all patients received oral thalidomide (100 mg/day) at night for 4 

weeks.  The study was approved by the Local Vall d’Hebrón Ethics Committee and 

informed consent was obtained from all subjects before the study 

 

Baseline characteristics CLE 
(n=10) 

AGE, mean (SD), years 44 (10.3) 

Female, n (%) 10 (100%) 

Photosensitivity, n (%) 3 (30%) 

Smoking, (%) 4 (40%) 

Type of CLE 

   DLE 8 (80%) 

   SCLE 2 (20%) 

CLASI ACTIVITY, mean (SD) 11.0±2.5 

CLASI DAMAGE, mean (SD) 4.3±1.45 

Systemic Lupus Erythematosus 4 (40%) 
Clinical response to Thalidomide (4 weeks) 
    Complete response (CLASI=0) 7 (70%) 

ANA antibodies positive, n (%) 8 (80%) 

Anti-SSA/Ro antibodies positive, n (%) 1 (10%) 
Previous CLE medication 

• Topical Steroids 
• Antimalarials 

 
10 (100%) 
10 (100%) 
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• Immunosupressants 
     - Methotrexate 
     - Azathioprine 
     - Mycophenolate 

• Dapsone 
• Retinoids 
• Oral Steroids 

 

7 (70%) 
2 (20%) 
4 (40%) 
1 (10%) 
0 (0%) 

4 (40%) 

Table 12: Baseline characteristics for 10 patients diagnosed with CLE that participated in the 
CLE thalidomide skin research project.  
 

 

3.3.2. Biological samples collection (Paper III) 
 

A six-millimeter punch biopsy was taken from lesional skin from CLE untreated patients 

and another six-millimeter punch biopsy was taken from paired patient’s post-thalidomide 

treatment. The skin punch was divided into three sections: the first section was used for 

RNA-sequencing experiments, the second was immediately frozen in liquid nitrogen in 

OCT compound for immunofluorescence studies and the third was fixed in 5% formalin 

and paraffin-embedded in order to perform immunohistochemistry techniques. 

 

At the same moment, blood samples were also collected from CLE patients to isolate 

PBMCs that were stored at -180ºC for further experiments. Serum and plasma were also 

obtained and stored at -80ºC. 
 
 
3.3.3 RNA extraction from skin biopsies (Paper III) 
 
Total RNA from skin biopsies was obtained using RNeasy Mini Kit (Qiagen, Hilden, 

Germany) and Ribosomal RNA was removed using Epicentre’s Ribo-Zero rRNA Removal 

kit (Illumina, San Diego, USA). Within RNeasy Mini Kit there is no phenol/chloroform 

extraction. Skin samples were first lysed and homogenised as previously described in the 

presence of a highly denaturing guanidine-thiocyanate–containing buffer, which 

immediately inactivates RNases to ensure purification of intact RNA. Ethanol is next added 

to provide appropriate binding conditions, and the sample is then applied to RNeasy Mini 

spin column, where the total RNA binds to the membrane and contaminants are efficiently 

washed away. Finally, high-quality RNA is eluted in 30–100 μl water.  
 

RNA integrity was evaluated using Bioanalyzer 2100 obtaining values ≥8.5 (Agilent 

Technologies, Santa Clara, CA, USA). Therefore, all samples were considered for the 

study.  
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3.3.4 RNA-sequencing in thalidomide pre- and post-treated patients and library 
construction (Paper III) 
 
Samples were converted to cDNA and subsequently subjected to fragmentation, linker 

adapter ligation and amplification using TruSeq library generation kits (Illumina, San 

Diego, USA) according to manufacturer’s instructions. The constructed libraries were 

amplified using 8 cycles of PCR. The resulting libraries were subjected to Illumina Hiseq 

2000 sequencing platform version 3 producing 2x75 bp run with >65 M reads (Illumina, 

San Diego, USA).  

 

Image analysis, sequencing quality evaluation, and data production summarisation were 

performed using the Illumina/Solexa pipeline (Illumina, San Diego, USA). Sequences were 

analysed for quality control (FASTQC) and aligned to the Human genome (GRCh38) using 

STAR program (version 2.5.2a) (Wingett et al., 2018; Dobin et al., 2013). RSEM program 

(version 1.2.28) (Li et al., 2011) was used to determine transcript assembly, and the 

abundance and expression levels were determined based on the fragments per kb per 

million (FPKM) values, a way of normalizing read counts by calculating the number of 

reads mapped to each transcript divided by its length and the total number of mapped 

reads in the sample. To find differentially expressed genes and transcripts, the logarithmic 

ratios of FPKMs were calculated by pairwise comparisons of the expression between pre- 

and post-skin thalidomide samples with tests for significant differences using DESeq2 

(Love et al., 2014). To obtain high-quality differentially expressed genes (DEGs), we set 

the threshold for the false-discovery rate at < 0.05 and for fold change at ≥ 2 or ≤ 05 

(|log2FC| ≥ 1) in the comparison analysis. 

 
 
Data obtained from the RNA-seq before and after being processing are available in the 

Gene Expression Omnibus (GEO) database with the following identification code 

(GSE162424) (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE162424) 
 
 
 
 

3.3.5 Identification of the thalidomide mechanism of action by applying TPMS 
protocols (Paper III) 
 
The Therapeutic Performance Mapping System (TPMS) is a tool that creates 

mathematical models of a drug/pathology protein pathways to explain a clinical outcome 

or phenotype (Anaxomics Biotech, Barcelona, Spain). These mathematical models find 
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mechanism of action (MoAs) that explain how a Stimulus (i.e., proteins activated or 

inhibited by a drug) produces a Response (i.e., proteins active or inhibited in a phenotype). 

The detailed steps are explained below: 

 

Molecular characterization of CLE disease and thalidomide  

 

To apply the TPMS approach and create the mathematical models of MoAs, a 

characterization of CLE disease and thalidomide is needed. We manually curated a list of 

proteins and motives relevant for cutaneous lupus erythematosus (CLE) pathogenesis and 

targets for thalidomide’s mechanism of action. Manual curation was performed through an 

extensive and careful review of full-length articles in the PubMed database, Drug Bank, 

Stitch and Supertarget (Knehisa et al., 2014; Gilson et al., 2016; Chatr-Aryamontri et al., 

2017; Croft et al., 2014). The search was expanded using the “related articles” function 

and article reference list. For CLE characterization, we included 206 proteins. For 

thalidomide molecular drug characterization, eight main molecules have been identified 

(CRBN, IKZF1, IKZF3, IRF4, MEIS2, ORM1, ORM2, FGF2) and 36 proteins were related 

to them.  

 

Generation of mathematical models 

 

We generated a biological map between CLE proteins and thalidomide targets using public 

information about protein-to-protein interactions, physical interactions and modulations, 

signaling, metabolic relationships and gene expression regulation that are founded in: 

KEGG, Binding Database, BioGRID and REACTOME (Jorba et al., 2020; Wishart et al., 

2008; Szklarzyk et al., 2016; Hecker et al., 2012).  

 

The algorithm of TPMS for generating the mathematical models is similar to a Multilayer 

Perceptron of an Artificial Neural Network over the biological map (where neurons are the 

proteins, and the edges of the network are used to transfer the information). It takes as 

input signals the activation (+1) and inactivation (-1) of the drug target proteins and as 

output proteins implicated in CLE pathogenesis.   

The models have to be able to weigh the relative value of each protein (node) relation. 

Since the number of links is very high, the number of parameters to solve also increases 

exponentially. Anaxomics applied Artificial Intelligence (AI) technologies for modelling 

complex network behaviors, including graph theory and statistical pattern recognition 

technologies; genetic algorithms; artificial neural networks; dimensionality reduction 
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techniques; and stochastic methods like Simulated Annealing, Monte Carlo among others 

(Anaxomics Biotech, Barcelona, Spain).  

 

Molecular mechanism construction 

 

Then a collection of restrictions, defined as the true set of edges and nodes with the 

property of being active or inactive, are used for validating the mathematical models 

obtained with TPMS (Truth table). Two type of restrictions are used: 1) information found 

in microarray database (GEO, PHOSIDA, 2D gel database, BED) and drug database 

(DrugBank); 2) data obtained from our RNA-seq analysis using skin biopsies of CLE 

patients pre- and post-thalidomide treatment. 

 

As the number of restrictions is always smaller than the number of parameters required 

by the algorithm, any process modelled by TPMS has a “population” of different solutions, 

which is set around 106–109, since this interval is estimated to faithfully portray nature. 

From this set of solutions, only the best ones (showing acceptable accuracy values for the 

Truth Table) are used to construct a “global” or “average” molecular mechanism, which 

represents the most probable molecular mechanism according to the current biological 

knowledge.  

 

3.3.6 Immunohistochemistry (Paper III) 
 
Immunohistochemistry was performed on paraffin-embedded skin sections according to 

standard procedures. Sections were deparaffined by incubation at 15 min at 60ºC and 

then 15 min in Xylene and 5 min in ethanol decreasing concentrations (99%, 96% and 

70%). Endogenous peroxidase activity was blocked using 0.3% H2O2 in methanol. Then, 

slides were incubated at for antigen retrieval for 20min at 92 ºC 10mM Sodium Citrate, pH 

6.0. After blocking for 1h with BSA 5% in PBS (phosphate buffered saline) , primary 

monoclonal antibodies were incubated overnight at 4ºC. Incubation with the secondary 

antibody was carried out for 30 minutes at room temperature, followed by washing in 

distilled water and two changes of PBS. Sections were incubated in avidin-biotin complex 

(ABC, Dako) for 30 minutes at room temperature, followed by washes in distilled water 

and two changes in PBS. The antigen-antibody reaction was visualised using di-

aminobenzidine (DAB, Sigma) as the chromogen. The slides were observed with Olympus 

IX71 (TH4-200) U-RFL-T microscope (Olympus, Tokyo, Japan). Images were processed 

with Image J (NIH, USA). Antibodies are detailed in the following table (Table 13). 
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Primary Antibody Supplier Code 
Anti-CD4  Roche SP35 

Anti-CD8 Agilent DK25 

Anti-CD56 Fisher Scientific 56C04 
Anti-Phospho-Raptor 
(Ser863) Invitrogen PA5-64849 

Secondary Antibody Supplier  Code 
Goat Anti-Rabbit IgG 
H&L (HRP) Abcam ab6721 

Table 13. Antibodies used for immunohistochemistry 
 

3.3.7 Protein extraction from skin biopsies (Paper III) 
 
Protein was extracted from skin tissue following the instructions of PARIS kit (Thermo 

Fisher, Waltham, MA, USA). The skin was homogenised with the lysis buffer and samples 

were centrifuged at 12000 rpm at 4ºC for 3 minutes. The supernatant was collected, and 

200 mL of chloroform was added. After 5 minutes on ice, samples were centrifuged 12000 

rpm at 4ºC for 15 min. Then, the organic phase was collected, and isopropanol was added 

for 10 min at room temperature for protein precipitation. After centrifugation at 12000 rpm 

for 4ºC, 0.3 M of guanidine hydrochloride solution was added and centrifuged at 12000 

rpm at 4ºC twice.  Supernatant was discarded and the protein pellet was washed with 

ethanol and dried for 5-10 minutes. Finally, 1% SDS solution was added to dissolve the 

protein by repeated pipetting. The protein concentration was determined using the Bio-

Rad Protein Assay (Bio-Rad, Hercules, CA, USA) according to the manufacturer’s 

instructions. 

 

3.3.8 Western blot (Paper III) 
 
A total of 60 µg of protein was loaded into 12% SDS-PAGE and transferred to PVDF 

membranes (Millipore, Billerica, MA, USA) by Semi-Dry Electrophoretic Transfer (Bio-Rad, 

Hercules, CA, USA). Membranes were blocked with 5% BSA (RT, 1 h) followed by 

overnight incubation (4°C) with specific primary antibodies and on the next day, Secondary 

HRP-labelled antibodies were added for 2h at room temperature (1:500) (Table 14) and 

visualised using ECL Detection System (Santa Cruz Biotechnology).  

 

Primary Antibody Supplier  Code 

Anti-CRBN Abcam ab244223 

Anti-IRF4 (MUM1) Abcam ab133590 
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Anti-MTOR  Abcam ab45989 

Anti-NF-KB p65  Abcam ab16502 

Anti-AMPK alpha-1 Invitrogen AHO1332 

Anti-Ubiquitin Abcam Ab7780 

Anti-alpha-actin Abcam Ab203696 

Secondary Antibody Supplier  Code 
Donkey Anti-Mouse IgG 
(HRP) Invitrogen A16011 

Goat anti-Rabbit IgG 
(HRP) Invitrogen 31460 

Table 14. Antibodies used in western blot. 

 

3.3.9. Ubiquitination assay in vitro (Paper III) 
 
Recombinant Human CRBN + DDB1 + CUL-4A + RBX1 (Abcam, Cambridge, UK) (1 uM), 

Human AMPK1 Fisher (ThermoFisher, Waltham, MA, USA) (1.5 µM) and Thalidomide 

(100 µM) were used with the E3 Ligase Auto-Ubiquitilylation Assay Kit (Abcam, 

Cambridge, UK) following the manufacturer’s instructions. Reactions were incubated at 

37º C for 2 h before separation by SDS–PAGE followed by western blot analysis. 

 
3.3.10. Ubiquitination assay in vivo (Paper III) 
 
Epidermal keratinocytes were stimulated with UVB for 6h and then treated with 

thalidomide. After 24 h, cells were washed twice with PBS and lysed with RIPA buffer 

(Sigma Aldrich, St. Louis, MI, USA) together with protease inhibitor cocktail (Sigma Aldrich, 

St. Louis, MI, USA). After centrifugation at 10,000 rpm for 15 min, supernatant was 

collected. Concurrently, Dynabeads™ Protein G for Immunoprecipitation (Invitrogen, 

Waltham, MA, USA), were washed and incubated with anti-AMPK antibody (1:250) 

(Abcam, Cambridge, UK) in PBS 0.02% Tween™ 20 for 15 min at room temperature in 

order to obtain the Antibody-bead complex. Then, the mix was incubated with the obtained 

supernatant from the cell lysis. After 1 h at room temperature, the antibody-bead-AMPK 

protein complexes were obtained. Finally, AMPK protein was eluted with elusion buffer (50 

mM glycine pH 2.8) for 2 min at room temperature. Supernatants were subjected to 

western blot analysis for AMPK and ubiquitin protein analysis. 
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3.3.11. Thalidomide preparation (Paper III and Chapter 3) 
 
For in vitro cell culture, thalidomide (Celgene) was grinded and dissolved in 10% dimethyl 

sulfoxide (DMSO) (Sigma) and stored at -20°C until use. Concentrations of 100 ng of 

Thalidomide per mL were used in cell culture experiments. 

 

3.4 Chapter 3: Thalidomide - miRNAs 
 
3.4.1. Hydroxychloroquine preparation  
 
For in vitro cell culture, Dolquine (Celgene) was grinded and dissolved in 10% dimethyl 

sulfoxide (DMSO) (Sigma) and stored at -20°C until use. Concentrations of 1µg  of 

Dolquine (Hydroxychoroloquine)  per mL were used in cell culture experiments. 

 

 
3.5. Common methods for Chapter 1, 2 and 3 (miRNA and thalidomide projects). 
 

3.5.1 Cell culture (Paper I, II and III) 
 
In order to perform in vitro functional experiments, the following primary cells were used: 

 

3.5.1.1. Primary cells isolated from patients or healthy controls  
 

 - Keratinocyte isolation from skin biopsies 
The skin punch biopsy was placed in EpiLife medium (Gibco, Thermofisher scientific, 

Waltham, MA, USA) containing 5% Penicillin/Streptomycin (Pen/Strep) in order to disinfect 

the tissue and avoid future cell contaminations.  

 

In the cell culture cabinet, the tissue was placed into a plaque and using forceps and 

scissors the fat and connective tissue (hypodermis) were removed. The cleaned biopsy 

was placed into a falcon tube containing 2u/mL of dispase and placed at 4ºC overnight. 

On the next day, dispase solution was discarded and the biopsy was placed in a plate and 

washed three times with PBS. Then, epidermis could be easily separated from the dermis 

with forceps. The isolated epidermis was cut into small pieces (around 1mm) and placed 

into a 24 well plate specifically treated with Poly-D-Lysine that facilitates cells adhesion 

(Sarstedt, Nümbrecht, Germany). Then, 2mL of t TrypLE Express (1X) (Gibco, 

Thermofisher scientific, Waltham, MA, USA) already warmed at 37ºC were added and the 

epidermal pieces were incubated for 18 minutes at 37ºC. After that, the cell suspension 

was collected into a Falcon tube containing EpiLife with 10% FBS to inhibit the trypsin 
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activity. The cellular suspension was taken avoiding the collection of the remaining skin 

tissue pieces and centrifuged for 5 minutes at 4ºC.  

 

Cells were resuspended, counted and seeded with EpiLife supplemented with 1% Human 

Keratinocyte Growth Supplement (HKGS) (Gibco, Thermofisher scientific, Waltham, MA, 

USA).   The seeding concentration of cells was 1x106  per 25 cm2 flask (Corning Inc, Acton, 

MA, USA). The media was changed every 2-3 days.  

 
 - Fibroblasts isolation from skin biopsies (Paper I) 
 
After placing the skin biopsy with dispase at 4ºC overnight and separating epidermis of the 

dermis, the dermal layer was cut into 0.5-1.0mm pieces and placed into a cell culture dish 

21 cm2  (Sarstedt, Nümbrecht, Germany) containing Dulbecco's Modified Eagle Medium 

(DMEM) (Gibco, Thermofisher scientific, Waltham, MA, USA) supplemented with 5% 

Pen/Strep antibiotics and assuring that the media did not cover completely the pieces, no 

pieces were floating and all remained attached to the dish. The dish was incubated at 37ºC 

5% CO2 in an incubator and every day the culture was evaluated. Medium was replaced 

every 3-4 days and within 7-10 days fibroblasts started to grow nicely. After 14-21 days, 

the media was discarded and two washes with PBS were performed. 5mL of 0.05% 

Trypsin/EDTA solution (Gibco, Thermofisher scientific, Waltham, MA, USA) were added 

and incubated for 5 minutes at 37ºC. Once fibroblasts were rounded and detached, the 

tissue dish was tapped and the cells were collected and centrifuged at 1500 rpm for 5 

minutes.  The cells were subcultured in standard 25 cm2 tissue culture flasks (Corning Inc, 

Acton, MA, USA) in a 37°C, 5% CO2 tissue-culture incubator and were passaged every 

6-7 days at a ratio of 1:4 in 150 mm2 tissue culture dishes. The media was changed every 

3 days. 

 

 - PBMCs/PMNCs isolation from total blood 
 
Blood from CLE and healthy donors was collected using venipuncture technique into 

Cellular Preparation Vacutainer blood draw tubes (BD, Franklin Lanes, NJ, USA). The 

tubes contain Ficoll solution followed by a gel plug which contacts the blood to be drawn. 

The tubes were inverted 8-10 times and centrifuged for 3000 rpm during 30 min at room 

temperature with deceleration. Human neutrophils were isolated from fresh peripheral 

blood using Polymorphprep (Axis-Shield diagnostics, Dundee, UK) with centrifugation at 

3000 rpm during 30 min at room temperature with deceleration (purity ≥85%).  
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After centrifugation the white phase containing PBMCs/PMNCs was clearly visible and 

collected using a Pasteur pipette. The collected cell suspension was transferred into 

conical tube and washed three times with PBS. 

 

Cells were counted and resuspended in complete RPMI 1640 Media (Gibco, Thermofisher 

scientific, Waltham, MA, USA) supplemented with 5% Pen/Strep and 2mM L-Glutamine 

(Sigma-Aldrich, Sant Louis, MO, USA). The majority of in vitro experiments were 

conducted on freshly isolated cells. When not possible, cells were frozen with cryomedium 

Fetal Bovine Serum (FBS, Sigma-Aldrich, Sant Louis, MO, USA) with 10% Dimethyl 

sulfoxide (DMSO, Sigma-Aldrich, Sant Louis, MO, USA) and stored in -180ºC liquid 

nitrogen for forward studies.  

 
 - T cells isolation from blood 
 
After obtaining the PBMCs as previously described, T cells were subsequently isolated by 

using Dynabeads Untouched T cells kit (Invitrogen, Carlsbad, CA, USA) according to 

manufacturing instructions. Within this kit, T cells are isolated from PBMCs by negative 

selection, with an antibody mix that contains monoclonal antibodies towards human CD14, 

CD16 (a and b), CD19, CD36, CD56, CD123 and CD235a which allows depleting B cells, 

NK cells, monocytes, platelets, dendritic cells, granulocytes and erythrocytes. 

 

Cells were resuspended at 1x108 cells per mL with an Isolation buffer (0.1% PBS and 2mM 

BSA).  An antibody mix against the “non-T cells” and 100 µL of heat inactivated Fetal Calf 

Serum (FCS) were added.  After 20 minutes incubation at 4ºC, cells were centrifuged and 

500 µL of pre-washed Dynabeads were added for 15 minutes at RT. The Dynabeads bind 

to the antibody-labeled cells during the incubation. The suspension was placed on the 

magnet and T cells were obtained by negative selection. This step was repeated twice.  

The non-desired bead-bound cells remained on the magnet and were discarded. The 

obtained supernatant containing T cells was washed in PBS and cells were counted and 

seeded for cell culture experiments. Purification of isolated T cells was analysed by FSR 

Fortessa cytometer (BD Biosciences, Franklin Lakes, NJ) with anti-CD3, anti-CD4 and 

anti-CD8 antibodies (BD Biosciences, Franklin Lakes, NJ). 
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3.5.1.2. Commercial Primary cells  
 

- Healthy human epidermal adult Keratinocytes (HeKa) 
 

Healthy primary human epidermal adult Keratinocytes (HEKa) were purchased from Life 

Technologies (Carlsbad, CA, USA) and cultured in EpiLife serum-free media 

supplemented with 1% HSGK (Thermofisher scientific, Waltham, MA, USA).  Into detail, 

upon the vial arrival, it was thawed rapidly at 37ºC in a water bath for 1-2 minutes. Then, 

cells were counted and resuspended at a concentration of 1.25x104 cells/mL in T-75 Cell+ 

Flasks (Sarstedt, Nümbrecht, Germany). Following inoculation, the medium in the flasks 

was distributed equally due to keratinocytes attach surfaces quickly and uneven patterns 

need to be avoided. The cells were incubated at 37ºC 5% CO2 in the cell culture incubator 

and not disturbed for at least 24h. The media was changed every 2-3 days and passages 

were done before reaching 80% of confluence. At high confluence rates, cells arrest and 

leave the proliferating pool, reducing the long-term potential yield.  

 

Centrifugation was not performed at the initiation of the cultures due to damage to HEKa 

culture are common with centrifugation. For subsequent passages cells were trypsinised 

by adding 3 mL of TrypLE Express (1X) at 37ºC for 2-3 minutes and cell suspension was 

collected and added into a tube containing EpiLife and 10% FBS (Thermofisher scientific, 

Waltham, MA, USA) for trypsin inactivation. Cells were centrifuged at 1200 rpm for 3 

minutes and subcultured. In case we were facing contaminations, the cell culture was 

discarded and on the next keratinocyte-initiated culture 0.1% of Pen/Strep was added.  

 
3.5.1.3. Cell culture conditions (Paper I, II and III) 
 

Primary cells (Keratinocytes, Fibroblasts, PBMCs, T cells) were seeded at 1x105 cells per 

mL in 24-well plaques or 1X10 4 cells/mL in 96-well plates for functional experiments with 

their respective media: 

- Keratinocytes: EpiLife serum-free media supplemented with 1% HSGK. 

- Fibroblasts: DMEM supplemented with 10%FBS and 5% of Pen/Strep. 

- PBMCs and T cells: RPMI 1640 supplemented with 5% Pen/Strep and 2mM L-Glutamine. 

 
3.5.2 Cell stimulation (Paper I, II and III) 
 
After 24 hours of being seeded or after 24 of miRNA transfection/gene silencing, cells were 

treated with several cytokines and inflammatory stimulus for 6h in order to simulate 

inflammation and be able to study the gene and protein expression. 
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The following conditions were established: 

- 5 ng/μL IL-1 α (Life Technologies, Thermofisher scientific, Waltham, MA, USA). 

- 10 ng/μL TNF α (Life Technologies, Thermofisher scientific, Waltham, MA, USA). 

- 10 ng/μL TGF β (Life Technologies, Thermofisher scientific, Waltham, MA, USA). 

- 5 ng/μL PMA/Ionomycin (Life Technologies, Thermofisher scientific, Waltham, MA, USA). 

- 10 ng/μL IFN α (Life Technologies, Thermofisher scientific, Waltham, MA, USA). 

- 25-50mJ/cm2 UVB. 

 

3.5.3 siRNA transfection (Paper II and III) 
 
Keratinocytes were plated at a density of 1x105 cells per mL in 24 well-plates overnight at 

37ºC 5%. On the next day, silencing of gene of interest was performed using CRISPRMAX 

tm Reagent Cas9 nuclease transfection protocol (Thermofisher Scientific, Waltham, MA, 

USA). Cells were around 60% of confluence at the time of the transfection. A mixture 

containing 25 µL of Opti-MEM, 1250 ng Cas9 nuclease, 240 ng of the PSMB5/TRAF1 or 

control siRNA and 2.5 µL of Cas9 Plus reagent was prepared in an Eppendorf Tube. In 

another separate tube, 25µL of Opti-MEM and 1.5 µL of CrisprMAX reagent were added.   

Immediately after preparation, the solution from the first tube was transferred to the second 

tube and mixed well. After 5 minutes of incubation, the 50 µL of solution containing siRNA 

complexes was added to the cells and 450µL of complete media per well were added.  

 
3.5.4. Migration experiments (Paper I, II and III) 
 
Two approaches have been conducted: 

 

 - The supernatant from transfected keratinocytes was thawed and placed on the bottom 

of a 24-well plate (Paper I) 

 

- Stimulated keratinocytes were cultured in the bottom of 24-well plates at 1x105 cells/mL 

and were transfected or treated with thalidomide as described previously for 6h or 24h. 

(Paper II and III) 

 

Then the co-culture was performed, PBMCs were isolated from healthy controls as 

described, marked with DAPI and added in the insert (3.0mm pore; BD Biosciences, 

Franklin Lakes, NJ) placed in the upper side of the well (1x106 cells/mL).  After 6, 24 and 

48 hours migrated PBMCs that were located in the bottom of the well were under a 

confocal inverted fluorescence microscope (Leica, Wetzlar, Germany). Cell number was 

counted in five random microscopic fields per well.  
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3.5.5 Gene expression analysis  
 
3.5.5.1. mRNA extraction from cultured cells (Paper I, II and III) 
 
 
In order to isolate miRNA and mRNA from cultured cells, the miRNA easy Mini kit (Qiagen, 

Hilden, Germany) was used according to manufacturing instructions. This kit is used for 

low-throughput RNA purification using spin columns. In brief, after transfection and 

stimulation cells were trypsinised using TrypLE Express (1X) ThermoFisher Scientific, 

Waltham, MA, USA)  for 3 to 6 minutes at 37ºC. For experiments with PBMCs, the cell 

suspension was collected, and the adherent monocytes were trypsinised with TrypLE 

Express (1X) for 5 minutes at 37ºC. The supernatant of all the experiments was frozen 

and stored at -80ºC for further ELISA experiments.  

 

The collected cells were centrifuged, and the pellet was lysed by adding 700 µL of Qiazon 

lysis reagent (Qiagen, Hilden, Germany) and vortexing for 1 minute. Then, the samples 

were incubated for 5 minutes at room temperature and 140µL chloroform per sample was 

added. After centrifugation for 15 minutes at 12.000 rpm 4ºC, phases were visible, and the 

upper aqueous phase was transferred into a new collection tube with 1.5 volumes of 100% 

ethanol. After vortexing 1 minute, the sample was placed into an RNAeasy mini column in 

a collection tube. Successive spinning with ethanol wash buffers were performed. Finally, 

a centrifuge at a full speed is done to dry the membrane and the mature miRNA and RNA 

are eluted with 35 µL of RNAse free water and centrifuging for 1 minute at 13.000 rpm.  

 

The integrity and purity of the isolated RNA was measured in the Nanodrop-2000 UV-Vis 

Spectrophotometer (ThermoFisher Scientific, Waltham, MA, USA). Ratios of A260/A280 

between 1.8 and 2.1 were considered acceptable to use the RNA for the subsequent 

experiments. 

 
3.5.5.2. RT-qPCR (Paper I, II and III) 
 
Quantification of gene expression from cultured cells after being transfected with anti-

miRNAs and miRNA-mimics or being treated with thalidomide or siRNA silencing and 

being stimulated was done by real-time reverse-transcriptase quantitative polymerase 

chain reaction (RT-qPCR) according to the manufacturer using the High-Capacity RNA-

to-cDNA Kit (Applied Biosystems, Foster City, CA, USA). First, isolated RNA was 

converted to cDNA with reverse transcription reaction and the cDNA expression was 

quantified with PCR.  In order to perform the RT, RNA was diluted into 500 ng in 10 µL of 

RNAse free water in microcentrifuge tubes. Then, 2.0µL of RT buffer, 0.8 µL of dNTP mix, 
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2µL of random primers, 1µL of reverse transcriptase enzyme, 1 µL of RNase inhibitor and 

4.2µL of RNAse water were added. A master mix on ice was prepared in order to avoid 

pipetting errors and assure accuracy between conditions. After setting the RT-reactions, 

tubes were spun to down the contents and eliminate air bubbles and loaded in the thermal 

cycler within the following conditions (Table 15): 

 

Step Time Temperature 

Step 1 10 min 25 ºC 
Step 2 120 min 37 ºC 
Step 3 5 min 85 ºC 
Hold ∞ 4 ºC 

Table 15. Reverse Transcription conditions. 

 

After that, samples were ready for PCR amplification. A dilution with RNAse free water 

was done in order to have a total of 20 µg of cDNA per well. Then, 10 µL of TaqMan 

Universal Master Mix II (Thermofisher scientific, Waltham, MA, USA) was added with 1µL 

of primer. 96 well plates or 384 well plates were used and after being prepared, they were 

sealed with sealing tape (Thermofisher scientific, Waltham, MA, USA) and then 

immediately processed in the ABI PRISM 7000 or ABI PRISM 7900 thermocyclers 

respectively (Table 16): 

 

Step Time Temperature 

Step 1 2 min 50 ºC 
Step 2 10 min 95ºC 

 
Step 3: 40 cycles 

15 sec 95 ºC 
1 min 60ºC 

Hold ∞ 4 ºC 
Table 16. qPCR conditions 

Gene expression was assessed by TaqMan gene expression assays gene expression 

assays (FAM dye labeled MGB probe, Applied Biosystems, Foster City, CA, USA) (Table 

17). Obtained data was normalised based on the expression the endogenous control gene 

GAPDH (Hs02786624_g1, Thermofisher scientific, Waltham, MA, USA). Gene expression 

was calculated as previously described, following the 2ΔCt method. Fold changes were 

obtained by dividing the experimental conditions with the transfection controls or non-
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stimulated conditions as applicable. A minimum of triplicates per condition were 

performed. 

 

Gene Assay ID (TaqMan) Paper 

GADPH Hs02786624_g1 I, II, III 
NFKB1 Hs00765730_m1 I, II, III 
MTOR Hs00234508_m1 III 
CXCL1 Hs00236937_m1 I 
IL1B Hs01555410_m1 I, II, III 
CCL3 Hs00234142_m1 III 
GATA3 Hs00231122_m1 I, III 
TBX21 (T-bet) Hs00894392_m1 I, III 
TGFB1 Hs00998133_m1 I, III 
TGFBR1 Hs00610322_m1 I, III 
IL-2 Hs00174114_m1 I, III 
CXCL8 (IL8) Hs00174103_m1 I, II, III 
TNF Hs00174128_m1 I, II, III 
PRKAA1 (AMPK1) Hs01562308_m1 III 
IL-10 Hs00961622_m1 I, III 
IFNA1 Hs04189288_g1 III 
BIM (BCL2L11) Hs01076940_m1   I 
BAX Hs00180269_m1   I 
P53 (TP53) Hs01034249_m1   I 
Caspase3 Hs00234387_m1  I 
PPP6C Hs00254827_m1 I 
CXCL10 Hs01124252_g1 I 
STK40 Hs00894269_m1   I 
PIK3CA Hs00907957_m1 I 
PRKCD Hs01090047_m1 I 
Smad3 Hs00969210_m1 I 
Smad2 Hs00998187_m1 I 
TIMP3 Hs00165949_m1 I 
PRF1 Hs00169473_m1 III 
GRNZ Hs00188051_m1 III 
IL-4 Hs00174122_m1 I, III 
IL-17A Hs00174383_m1 I 
COL3A1 Hs00943809_m1 I 
SMA (ACTA2)  Hs00426835_g1  I 
CXCL9 Hs00171065_m1 I 
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INFG  Hs00989291_m1 I, III 
HCN1 Hs01085412_m1 I 
CD28 Hs01007422_m1 I 
ICOS Hs00359999_m1 I 
ZAP70 Hs00896345_m1 I 
LCK Hs00178427_m1 I 
SLP-76 (LCP2) Hs01092638_m1 I 
PGC1A Hs00173304_m1 I 
PSMB5 Hs01002826_g1 II 
KRT16 Hs00373910_g1 II 
BIRC5 Hs04194392_s1 II 
TP63 Hs00978340_m1 II 
CCL5 Hs00982282_m1 II 
TRAF1 Hs01090170_m1 II 
CCL20 Hs00355476_m1 II 
S100A7 Hs01923188_u1 II 
NFKBIA Hs01123969_g1 II 

Table 17. Taqman assays used in the studies.                                 

 

3.5.6 Immunofluorescence analysis of cultured cells (Paper I, II and III) 
 
First, cells were washed with PBS and then fixed for 15 minutes in 4% Paraformaldehyde 

(PFA) followed by permeabilization with 0.1% Triton X-100 for 10 minutes in order to let 

the antibodies penetrate the cell membranes and combine to the target molecules. Then, 

blocking solution (BSA 5%) was added for 1 hour at RT in order to avoid unspecific unions.  

 

Then, Primary antibodies in blocking solution was incubated overnight at 4ºC.  Secondary 

antibody was prepared in PBS and 200 µL were added in each well for 2 hours at RT 

(Table 18). Coverslips were mounted with mounting media containing Dapi (Fluoromount-

G™ eBioscience™, Thermofisher Scientific, Waltham, MA, USA) which was used to 

visualize the nuclei of the cells. Immunofluorescent staining was observed with inverted 

fluorescent microscope (Leica, Wetzlar, Germany). Images were processed with Image J 

(NIH, USA). 

 

Primary Antibody Supplier  Code Paper 

Anti-IRF4 (MUM1) Abcam ab133590 III 

Anti-MTOR  Abcam ab45989 III 

Anti-NF-KB p65  Abcam ab16502 I, II, III  

Materials and Methods 



 94 

Anti-Phospho-
Raptor (Ser863) Invitrogen PA5-64849 III 

Anti-AMPK alpha-1 Invitrogen AHO1332 III 

Anti-Ubiquitin Abcam Ab7780 III 

Anti-TGFBR1 Abcam ab31013 I 

Anti-PSMB5 GeneTex, GTX23330 II 

Anti-TRAF1 Abcam Ab203316 II 

Anti-IKBa (NFKBIA) Abcam ab7217 II 

Secondary Antibody Supplier  Code Paper 
Alexa-680-
conjugated anti-goat 
IgG 

Abcam ab175776 I 

Alexa-488-
conjugated anti-
rabbit IgG 

Abcam ab150077 II, III 

Alexa-647-
conjugated anti-
mouse IgG 

Abcam ab150115 I, II, III 

Table 18. Antibodies used for immunofluorescence in cells.  

 

3.5.7. Functional cell assays (Proliferation and Apoptosis) 
 

3.5.7.1. Proliferation Assay (Paper I, II and III) 
 
Proliferation was measured after transfection of cultured keratinocytes and PBMCs with 

the CyQUANT™ Cell Proliferation Assay (Thermofisher scientific, Waltham, MA, USA). 

Within this kit, cells are lysed, and their proliferation is assessed with highly sensitive 

fluorescence-based methods. Moreover, it requires to freeze the samples, which permits 

getting data from different experimental timepoints and analyze all together once you have 

all the experimental conditions completed.  Cells were transfected and/or stimulated in 96-

well plates at a density of 1x104 cells/mL. Then, for adherent cells, the media was 

removed, and plate were frozen at -80ºC covered with foul. Regarding suspension cells, 

the plates were centrifuged at 1500 rpm for 5 minutes and the supernatant was discarded, 

and cells were frozen as described. When all the different experimental timepoints were 

achieved, all the samples were assayed together. The plates were thawed at room 

temperature and 200 µL of CyQUANT® GR dye/cell-lysis buffer previously prepared was 

added. After mixing gently, the samples were incubated 5 minutes at room temperature 

protected from light. Finally, the sample fluorescence using a microplate reader (Luminex, 

Austin, TX, USA) was measured using filters for 480 nm excitation and 520 emission 

maxima.  
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3.5.7.2. Apoptosis Assay (Paper I, II and III) 
 
Apoptosis was measured in cultured transfected and/or stimulated cells by flow cytometry 

within the Dead Cell Apoptosis Kit Annexin V APC and SYTOX™ Green (Thermofisher 

scientific, Waltham, MA, USA).  Adherent Cells were trypsinised as described and in case 

of PBMCs, they were collected, and adherent monocytes were trypsinised and added to 

the collected cell suspension. Then, cells were centrifuged and washed with 1x Annexin 

Binding buffer. Then, 5µl of 1x Annexin V and 1µL of SYTOX Green solutions previously 

prepared were added to 100µL of each cell suspension. Cells were incubated at 37ºC 5% 

of CO2 for 15 minutes. After incubation, cells were washed and resuspended in 200 µL of 

1x annexin binding buffer and analysed in FSR Fortessa cytometer measuring the 

fluorescence emission at 530 nm and 660 nm. A positive control for necrosis was done by 

incubating cells with 2 mM hydrogen peroxide for 15 minutes to assure that the technique 

is working and set the flow cytometry gating strategy. A total of 10.000 cells per condition 

were analysed.  

 

3.5.8 Flow Cytometry analysis (Paper I and III) 
 
Immune phenotyping and cell activation was measured by flow cytometry. Isolated T cells 

were transfected and stimulated and after 24h, they were centrifuged at 2000 rpm for 5 

minutes, washed with PBS and then resuspended with 100 µL of PBS with 1%BSA 

containing antibodies (Table 19). The antibodies were incubated for 20 minutes at 4ºC 

protected from light. After incubation, stained cells were centrifuged and resuspended with 

200 µL of PBS. A total of 10.000 cells per condition were analysed in FSR Fortessa 

cytometer. Negative controls with incubation without antibodies were performed in order 

to set the flow cytometry gating. Data were analysed using FCS Express 4 Flow Research 

software (BD Biosciences, Erembodegem, Belgium). 

 

B cell subsets Supplier  Code Paper 

CD19  BD Biosciences 345788 III 
CD27  BD Biosciences 558664 III 
CD38  BD Biosciences 555460 III 
IgD  BD Biosciences 555779 III 

Tcell subsets/ 
activation Supplier Code Paper 

CD3  BD Biosciences 340662 I, III 
CD4  BD Biosciences 561842 I, III 
CD8  BD Biosciences 555369 I, III 
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CCR3  BD Biosciences 561745 III 
CCR4  BD Biosciences 744140 III 
CCR5  BD Biosciences 560932 III 
CCR6 BD Biosciences 564479 III 
CXCR3  BD Biosciences 740183 III 
CD25  BD Biosciences 340939 III 
FOXP3  BD Biosciences 560046 III 
CD69 BD Bioscience 562617 I 

Dendritic Cell and 
Monocytes Supplier  Code Paper 

CD11c BD Biosciences 559877 I 
CD14 BD Biosciences 557154 I 
CD16 BD Biosciences 555406 I 

NK cell subsets Supplier Code Paper 

CD3  BD Biosciences 340662 I, III 
CD16  BD Biosciences 561842 I, III 
CD56  BD Biosciences 555369 I, III 
6B11 BD Biosciences 552825 III 

Table 19. Antibodies used in flow cytometry. 
 
3.5.9 Immunofluorescence in skin biopsy (Paper II and III) 
 
Skin biopsies were mounted in Optimal cutting temperature compound (OCT embedding 

compound) and frozen rapidly by with nitrogen liquid by quick taps and immersions in liquid 

nitrogen. Once OCT turned white and solidified, the OCT bloc containing the skin biopsy 

was placed in the cryostat at -20ºC (Leica CM3050 S Research Cryostat (Leica, Wetzlar, 

Germany). The sections were cut in 6-10 µm of thickness. Once the skin was cut, the 

tissue section was adhered by contact Superfrost slides (FisherScientific, Waltham, MA, 

USA). Finally, the obtained slides were stored at -80 ºC. 

 
The obtained sections were unfrozen and air-dried for 30 minutes at room temperature to 

prevent the tissue to fall off the slides during antibody incubations. Then, the skin section 

was fixed with 4% PFA in PBS for 15 minutes followed by three washes of PBS. A blocking 

solution containing 5% BSA was added for 1 hour at room temperature. Primary antibody 

was diluted with blocking solution and incubated overnight at 4ºC. On the next day, the 

slides were washed with PBS and secondary antibody was added for 2h at room 

temperature (Table 20). Finally, slides were washed with PBS and then were mounted 

with mounting media containing Dapi (Fluoromount-G™ eBioscience™, Thermofisher 

Scientific, Waltham, MA, USA) for nuclear staining. The slides were observed with 

Olympus IX71 (TH4-200) U-RFL-T microscope (Olympus, Tokyo, Japan). Images were 

processed with Image J (NIH, USA). 
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Primary Antibody Supplier  Code Paper 

Anti-CRBN Abcam ab244223 III 

Anti-IRF4 (MUM1) Abcam ab133590 III 

Anti-MTOR  Abcam ab45989 III 

Anti-NF-KB p65  Abcam ab16502 III 

Anti-6B11 Invitrogen 14-5806-82 III 
Anti-Phospho-Raptor 
(Ser863) Invitrogen PA5-64849 III 

Anti-AMPK alpha-1 Invitrogen AHO1332 III 

Anti-PSMB5 GeneTex, GTX23330 II 

Anti-TRAF1 Abcam Ab203316 II 

Anti-Ki67 Abcam ab15580 II 

Secondary Antibody Supplier  Code Paper 
Alexa-488-conjugated 
anti-rabbit IgG Abcam ab150077 II, III 

Alexa-647-conjugated 
anti-mouse IgG Abcam ab150115 II, III 

Table 20. Antibodies used in immunofluorescence in skin sections. 

 

Skin sections were evaluated on blinded specimens by the Vall d’Hebron pathology unit. 

The staining of the epidermis, dermis and inflammatory infiltrate was evaluated semi-

quantitatively as 0 (<10% positive cells), 0.5 (10-20% positive cells), 1 (20-40% positive 

cells), 1.5 (40-60% positive cells), 2 (60-80% positive cells), 2.5 (80-90% positive cells) or 

3 (>90% positive cells). 
 
3.5.10 Statistical Analysis (Paper I, II and III) 
 
All experiments have been performed at least three independent times in three replicates.  

Data are represented as mean ± standard error of the mean (SEM). Comparison between 

groups and conditions was calculated with paired t tests or unpaired t tests as applicable. 

All tests were done using Prism GraphPad version 7.0 (GraphPad Software, v 7.0, San 

Diego, CA, USA).  P values of less than 0.05 were considered statistically significant. In 

the graphs and figures, the significant statistical values were indicated as following: *p < 

0.05, **p < 0.01, ***p < 0.001.  
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4. Results 
 
Chapter 1. microRNAs in CLE 
 
Paper I: microRNA Expression Profiling Identifies miR-31 and miR-485-3p as 
Regulators in the Pathogenesis of Discoid Cutaneous Lupus 
 
The first part of the thesis focused on studying a differential pathogenesis between DLE 

and SCLE subtypes based on miRNA expression profiles. In this study, 10 DLE and 10 

SCLE patients were included, and a skin biopsy from non-lesional and lesional skin was 

obtained. Using the TaqMan human array, differentially expressed miRNAs were 

identified. In vitro experiments were performed to validate the obtained results and 

investigate the role of the differentially expressed miRNAs. 

 

 
DLE skin presents a differential microRNA profile from SCLE lesional skin 

Direct comparison the miRNA data of lesional DLE versus lesional SCLE generated a list 

of 12 differentially expressed miRNAs (fold change >|1.5|, P < 0.05) of which 8 were 

upregulated and 4 downregulated. We focused on the top two upregulated miRNAs in DLE 

vs SCLE, miR-31 and miR-485-3p that presented a Fold change of 11.21 and 10.09, 

respectively.  Their upregulation was first validated by Rt-qPCR. Next, to identify the cell 

type in the skin involved in their deregulation, in situ hybridization was performed and it 

was found that miR-31 expression was mostly increased in DLE lesional epidermis 

compared with SCLE epidermis (P < 0.001) and upregulation of miR-485-3p was found in 

dermal inflammatory infiltrates and fibroblasts of DLE skin vs SCLE (P < 0.0001). These 

results indicate that in DLE, miR-31 deregulation was mainly in keratinocytes, and it was 

a keratinocyte-specific miRNA, whereas miR-485-3p was in immune infiltrates and 

fibroblasts.  

miR-31 upregulation promotes keratinocyte apoptosis, NF-κB pathway activation 
and neutrophil and monocyte recruitment  

We next aimed to study the biological role of miR-31 in keratinocytes in in vitro studies, by 

inhibiting or overexpressing miR-31. After several stimulations, TGF-β1 and UVB were 

identified strong miR-31 inducers in vitro in primary keratinocytes from DLE patients, 

therefore further experiments were conducted stimulating keratinocytes with these 

conditions. Proliferation and apoptosis were assessed, and it was found that miR-31 

mimics keratinocytes present increased apoptotic rates (P < 0.0001). No changes in 

epidermal proliferation were observed.  
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As miR-31 is known to modulate the NF-κB pathway which in turn regulates multiple 

aspects of immune functions serving as a pivotal mediator of inflammatory response, and 

it has been found to be upregulated in the skin of autoimmune conditions, we next 

assessed by immunofluorescence NF-κB protein levels. We found that NFKB1 was 

increased after miR-31 mimics (3.2 – fold change; p<0.001) along with NF-κB related 

inflammatory mediators. IL-12, IL-8, and TGF-β1 were significantly upregulated in pre-miR 

31-transfected cells and cell culture supernatants, indicating that upregulation of miR-31 

contributes to inflammation in CLE skin by promoting NF-κB pathway.  

Because of the interaction between epithelial cells and the immune system is crucial in 

CLE, cross-talking functional studies were performed. Briefly, the supernatant from anti-

miR-31 and pre-miR-31 keratinocytes was placed in the low-chamber and PBMCs/ 

PMNCs were plated on the upper-chamber. Neutrophils were selected for this experiment 

as IL-8 is an important neutrophil chemoattractant and was the most upregulated 

chemokine in pre-miR-31 transfected keratinocytes (p<0.001). A significant increase of 

intermediate and non-classical monocytes and neutrophil migration were observed, 

suggesting that upregulation of epidermal miR-31 promotes immune recruitment in DLE 

lesional sites by upregulating inflammatory effectors in keratinocytes that recruit immune 

cells. 	

miR-485-3p upregulation in DLE is responsible for T cell activation 

We next focused on the other differentially expressed miRNA, miR-485-3p. As it was highly 

detected in immune infiltrated and fibroblasts, experiments inhibiting and overexpressing 

this miR were performed in PBMCs and fibroblasts. IL-1 α and TGF- β1 were identified as 

a strong miR-485-3p inducers in peripheral mononuclear blood cells from DLE patients 

(14- and 4.9-fold change, P < 0.0001, respectively) and fibroblasts (1.9- and 2.1-fold 

change, respectively). Further experiments were carried out stimulating cells in those 

conditions.  

As DLE is characterised by a deep lymphocytic infiltrate in which T cells are the most 

abundant cells, miR-485-3p mimics transfected PBMCs were assessed for T cell 

activation. A significant increase of activation, measured by CD69 expression, was found 

in CD8 and CD4 T cells (>80% of the cells). Similar results were obtained transfecting 

isolated T cells: Data suggests that miR-485-3p contributes to T cell activation in DLE.  
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Upregulation of miR-485-3p promotes skin fibrosis in DLE 

Since the study showed and increased expression of this miRNA in the dermis, and DLE 

has a characteristic TGF β -dependent fibrotic signature, we next assessed the potential 

role of miR-485-3p in fibroblasts. Resolution of skin inflammation differs between DLE and 

SCLE because DLE is characterised by scarring and the development of fibrotic 

irreversible sequelae. We studied the miR-485-3p role in the development of fibrosis. Pre-

miR-485-3p fibroblasts presented increased gene expression levels of fibrotic genes 

COL3A1, α-SMA, TGFBR1, and Smad3 (2.3-, 2.6-, 2.3-, and 2.7-fold change, 

respectively). In addition, protein levels of TGF-βRI (p<0.001), a crucial protein implicated 

in fibrosis were also upregulated. Data suggests that upregulation of miR-485-3p 

contributes to fibrosis in DLE.   
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Paper II: MicroRNA-885-5p is downregulated in Cutaneous Lupus Erythematosus 
lesions and promotes epidermal inflammation and proliferation via PSMB5 and 
immune recruitment via TRAF1 
 
The next part of the thesis was focused on the study of CLE pathogenesis by analyzing 

the common deregulated miRNAs in CLE (both DLE and SCLE subtypes). In order to do 

it, the data from the previous microarray was analysed by grouping both DLE and SCLE 

in a single group (CLE). Deregulated miRNAs were identified and in vitro experiments 

have been performed to evaluate their role in CLE skin and identify putative target genes.  

 
CLE skin (DLE and SCLE) presents differentially expressed microRNAs vs non-
lesional CLE skin 
 
Comparison of miRNA expression between lesional and non-lesional skin from 20 patients 

with CLE (10 DLE and 10 SCLE) showed only significant differentially down-regulated 

miRNAs.  Down-regulation of miR-885-5p and miR-139-5p was shared by both CLE types. 

In SCLE (miR-885-5p: -5.83 fold change p<0.001 and miR-139-5p:  -2.57 fold change  

p<0.01) and in DLE ( miR-885-5p  -10.20 fold change  p<0.0001 and miR-139-5p  -6.49 

fold change p<0.0001). 

 
miR-885-5p is expressed in epidermal keratinocytes of non-lesional CLE skin 
 
We next performed in situ hybridization in CLE skin biopsies and found that miR-885-5p 

was highly expressed in the epidermis of both DLE and SCLE non-lesional skin. Regarding 

miR-139-5p, no staining was observed even though increasing prove concentration from 

20 nM up to 100 nM (Annex 2)   therefore, we decided to focus on miR-885-5p for the next 

steps of the project.  We next isolated primary keratinocyte from healthy donors and we 

found that miR-885-5p was specifically detected in keratinocytes. Next, healthy primary 

keratinocyte were stimulated and miR-885-5p expression was examined within different 

timepoints. We observed that there was a decrease of miR-885-5p expression in all 

stimulations, suggesting that the miR-885-5p downregulation depends on 

inflammatory/damage stimulus.  Significant long-lasting downregulation of miR-885-5p, 

which remained suppressed 18 hours after treatment was achieved with a single treatment 

with IFNα and UVB. Therefore all the subsequent experiments were performed within 

these two conditions.  

 
 
miR-885-5p downregulation promotes epidermal proliferation and inflammation via 
PSMB5 modulation.  
 
In order to know the implicated molecular signaling pathways and genes in miR-885-5p 

downregulation in CLE, we next performed microarray in anti-miR-885-5p transfected 
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keratinocytes. The transfection of anti-miR-885-5p resulted in 65 differentially expressed 

genes (DEGs) in non-stimulatory conditions, 128 DEGs post IFNα stimulation and 208 

DEGs post UVB exposure (p value <0.05, logFC > |1.5|). The gene PSMB5 (Proteasome 

20S Subunit Beta 5) was the unique common gene up upregulated in all conditions with 

anti-885-5p.  Target Scan revealed that the 3’untranslated region (3’UTR) of human 

PSMB5 mRNA contains a potential binding site for miR-885-5p, which was further 

confirmed by luciferase assay (p<0.001).  

 

We next aimed to investigate the role of miR-885-5p modulation PSMB5 in CLE. As miR-

885-5p and proteasome are strongly associated with cell cycle [241, 242] we analysed 

proliferation and apoptosis. We found that anti-miR-885-5p increased epidermal 

proliferation  (p<0.05) within an significant increase in epidermal proliferative genes P63, 

KRT16, BIRC5 and CDK4. Silencing of PSMB5  in keratinocytes showed reduced 

proliferation rates (p<0.05)  and genes indicating that miR-885-5p may modulate 

epidermal proliferation via PSMB5. No changes in apoptosis were observed. 

 

Next, we focused in analyzing PSMB5 effect in inflammation as it has been described to 

interact with NF-κB signaling [243]. Anti-miR-885-5p transfected keratinocytes showed an 

a decrease of IκBα (NFKBIA), a NF-κB inhibitor and an increase of NF-κB and 

inflammatory related mediators IL1β and TNFα, especially when exposed to UVB.  

Regarding siPSMB5 cells opposite effects were observed with an increase of the inhibitor 

NFKBIA and a subsequent decrease of NF-κB and related mediators at both protein and 

RNA level.  Altogether, suggests that in CLE low levels of miR-885-5p increase epidermal 

inflammation in CLE, by modulating PSMB5 and subsequent reduction of NFKBIA and 

that contributes to NF-κB activation. 

 

Low levels of miR-885-5p promotes immune recruitment via TRAF1 modulation. 
 
An increase of immune mediators and chemokines were observed in the microarray data 

from UVB stimulated anti-miR-885-5p keratinocytes. First, it was confirmed that high levels 

of CCL20, CCL5, CXCL8 and S100A7 were observed in both RNA and supernatant of 

anti-miR-885-5p UVB keratinocytes. 

 

Therefore, we next performed co-culture experiments with miR-885-5p transfected 

keratinocytes and PBMCs to evaluate immune migration. After 6h of co-culture, a 

significant number of migrating PBMCs were observed (p<0.01) and this migration was 

sustained over time within 24h (p<0.001) and 48h (p<0.001) of co-culture, indicating that 
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inhibition of miR-885-5p plays a role in immune cell recruitment in CLE lesional sites. We 

next aimed to identify target gene of miR-885-5p which is responsible for immune 

migration as silencing of PSMB5 did not modulate immune migration. By comparing the 

genes upregulated on UVB condition with the predicted target genes of miR-885-5p in 

target scan, 16 candidate genes were found of which only one TRAF1 has been described 

to be involved in immune recruitment [244]. TRAF1 RNA and protein levels were found 

upregulated in anti-miR-885-5p keratinocytes. Moreover, TRAF1 RNA and protein were 

upregulated in CLE lesional skin. Luciferase assay confirmed that TRAF1 is a direct target 

of miR-885-5p. Finally, silencing of TRAF1 decreased immune recruitment in co-culture 

experiments and decreased immune mediators such as CCL20, CCL5, CXCL8 and 

S100A7 indicating that miR-885-5p modulates immune recruitment in CLE via TRAF1 

modulation. 
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Abstract 
 
Cutaneous lupus erythematosus (CLE) is an autoimmune chronic condition that includes 

a broad range of dermatological manifestations. Its pathogenesis is multifactorial and 

involves genetic predisposition, environmental factors and immune response 

abnormalities. In this context, the participation of microRNAs in CLE remains to be 

completely understood.  Here, we found that miR-885-5p is markedly downregulated in 

CLE lesional keratinocytes.  IFNα and UVB are identified as strong modulators of miR-

885-5p. Next, gene microarray of anti-miR-885-5p keratinocytes revealed that proteasome 

subunit 5 (PSMB5) may be a potential novel target gene which was further validated by 

Luciferase assay. MiR-885-5p was found to be implicated in epidermal proliferation by 

modulating K16, BIRC5, TP63 and CDK4 proliferative genes, and in epidermal 

inflammation via promotion of NF-κB activation by decreasing IκBα (NF-κB inhibitor, 

NFKBIA) via PSMB5 modulation.  In addition, inhibition miR-885-5p in keratinocytes 

promotes immune recruitment independently of PSMB5 and identified TRAF1, as a 

second direct target responsible for the immune migration to the inflammation site.  

Collectively, our findings suggest that UVB and IFNɑ downregulate miR-885-5p in CLE 

keratinocytes leading to epidermal inflammation via enhanced NF-κB activity and 

proliferation through PSMB5 and immune recruitment through TRAF1. 

 
Introduction 
 
Cutaneous Lupus Erythematosus (CLE) includes a wide range of heterogeneous 

dermatologic manifestations which may or may not be associated with Systemic Lupus 

Erythematosus (SLE) (Okon and Werth, 2013). In SLE, up to 80% of patients will develop 

skin manifestations during the disease course and in 20% of them, cutaneous lesions will 

be the first sign of systemic disease (Tebbe and Orfanos, 1997). CLE is divided into 

specific and non-specific CLE lesions according to clinical and histological characteristics 

(Gilliam and Sontheimer, 1981). Within CLE-specific manifestations, Discoid Lupus 

Erythematosus (DLE) and Subacute Cutaneous Lupus Erythematosus (SCLE) are the 

most prevalent (Grönhagen et al., 2014).  

 

The pathophysiology of CLE is not fully elucidated and encompasses complex genetic, 

environmental, and immune cell interactions (Achtman and Werth, 2015). CLE skin lesions 

are characterised by an anti-epithelial cytotoxic immune response, orchestrated in part by 

type I and type III interferon- regulated cytokines and chemokines, which promote the 

release of cell debris that in turn re-activates innate immune pathways, leading to a pro-

inflammatory self-amplifying cycle (Deng and Tsokos, 2015; Wenzel, 2019).  High 
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throughput sequencing screening technologies have provided further insights into the 

molecular features of most common CLE subtypes. DLE and SCLE lesions share a high 

expression of type 1 IFN molecules, whereas DLE is characterised by distinctive T-cell 

and TGF-β gene signatures. (Berthier et al., 2019; Lazar et al., 2018;  Sinha et al., 2017; 

Solé et al., 2016)  

 

MicroRNAs (miRNAs) are small non-coding RNA sequences of 20-25 nucleotides length 

(Ambros, 2004). Their main function is to regulate gene expression post-transcriptionally 

by blocking transcription and promoting mRNA degradation (Baek et al., 2008). They play 

an essential role in the regulatory mechanisms of immune homeostasis, and their 

deregulation has been described in a wide variety of human diseases, including psoriasis 

and atopic dermatitis (Sonkoly et al., 2007; 2010a). Moreover, their role is also well 

documented in skin physiology and development, contributing to wound healing, skin 

microbiota and aging (Yi and Fuchs, 2010; Yi et al., 2006). Their preclinical and clinical 

applications include their use as biomarkers or therapeutic agents. To date, few studies 

have evaluated the role of miRNAs in CLE (Domingo et al., 2020). Our recent microarray 

expression profile study identified miR-31 and miR-485-3p as regulators of DLE 

pathogenesis by promoting inflammation, keratinocyte apoptosis and skin fibrosis (Solé et 

al., 2019).  

In this study, by comparing lesional and non-lesional CLE skin samples, we also found 

miR-885-5p downregulated in CLE lesional skin in both DLE and SCLE subtypes, 

suggesting a role for this miRNA in the pathogenesis of CLE. In oncology, studies have 

found miR-885-5p to play a role as a tumor promoter in hepatocellular carcinoma and a 

tumor suppressor in colorectal cancer and glioma (Su et al., 2018; Xu et al., 2019)  Our 

study aimed to verify whether miR-885-5p exhibits abnormal expression in CLE and further 

decipher its molecular mechanism in this condition. We demonstrate that downregulation 

of miR-885-5p induces epidermal inflammation and proliferation by targeting PSMB5 and 

promotes the recruitment of leucocytes into the inflammatory site by targeting TRAF1. 

 
 
Materials and methods 
Additional details are available in the Supplementary Materials. 

 

Patients and skin samples 
After written informed consent, two 6-mm punch biopsy samples were taken from lesional 

and nonlesional skin of untreated patients with active disease (n=20). (see Supplementary 

Table S1). The patient inclusion criteria were age≥ 18 years, a CLE Disease Area and 
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Severity Index (CLASI) > 4, presence of a cutaneous lesion bigger than 3cm, and no 

systemic o local therapy for at least 4 weeks prior inclusion. Blood samples for PBMCs 

isolation were obtained from patients with CLE at the time of biopsy and healthy donors 

(n=20 in each group). The study was approved by the local Vall d’Hebrón ethics 

committee.  

 

In situ hybridization or immunofluorescence in skin biopsies 
Hybridization was performed on paraffin embedded 6μm skin sections from paired lesional 

and non-lesional CLE skin samples using the protocol described in miRCURY LNA 

microRNA ISH Optimization Kit (FFPE) (Qiagen, Hilden, Germany). Immunofluorescence 

in skin biopsies were performed as described on paraffin-embedded (Guttman-Yassky et 

al., 2019) using purified monoclonal antibodies listed in Table S2. Stained samples were 

evaluated by two blinded dermatopathologists and cells counts were quantified using 

Image J V1.42 (see Supporting Information).   
 

Epidermal primary keratinocytes and PBMCs isolation  
Primary keratinocytes were obtained from CLE skin biopsies following the optimised 

methodology described before (Trond and Belmonte, 2010). Peripheral blood 

mononuclear cells (PBMCs) from patients with CLE and healthy donors were isolated from 

blood collected in mononuclear cell preparation tubes with sodium citrate (Vacutainer 

CPT, BD Bioscience, NJ, USA) (more details in Supporting Information).  

 
Immunofluorescence in culture cells 
After transfection and stimulation with UVB or IFNɑ, cells were washed with phosphate 

buffered saline, fixed with 4% paraformaldehyde an permeabilised with 0.1% triton. 

Primary antibodies were incubated overnight and secondary antibody for 2 hours at room 

temperature (Table S2).  

 
miRNA and RNA quantification 
Skin and cultured cells RNA was obtained with RNAeasy Mini Kit (Qiagen, Hilde, 

Germany).  For quantification of miRNAs or mRNAs, a total of 50 ng for miRNAs and 1µg 

for RNA was reverse transcribed into cDNA using the MicroRNA Reverse Transcription 

Kit (Applied biosystems, Foster City, CA, USA) and the High-Capacity cDNA Reverse 

Transcription Kit (Applied biosystems, Foster City, CA, USA) respectively. Gene 

expression was assessed by TaqMan gene expression assays gene expression assays 

(FAM dye labeled MGB probe, Applied Biosystems, Foster City, CA, USA, Table S3) using 
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96 well plates or 384 well plates in the ABI PRISM 7000 or ABI PRISM 7900 thermocyclers 

respectively.  

 

In vitro evaluation of miR-885-5p  
Human epidermal keratinocytes (HEKa cells, Life Technologies, Carlsbad, CA) were 

cultured and stimulated with different cytokines (TNFα, IFNα, IL1α, TGFβ, 10 ng/mL) or 

UVB (25 mJ/cm2) at single dose. The stimulation was stopped at 2, 4, 6, 8, 12 and 18 

hours to obtain cellular pellet and perform miRNAs quantification of miR-885-5p (described 

above).  

 

Cell transfection  
Functional miRNA studies were performed in healthy Human epidermal keratinocytes 

(HEKa cells, Life Technologies, Carlsbad, CA). Cells at ~ 70% confluence were 

transfected with miRNA mimics or anti-miR miRNA inhibitors (mirVanaTM, Life 

technologies, Carlsbad, CA, USA) using Lipofectamine RNAiMAX Reagent (Life 

Technologies, Carlsbad, CA, USA). Silencing of PSMB5 and TRAF1 was performed using 

CRISPRMAX tm Reagent Cas9 nuclease transfection protocol (Thermofisher Scientific, 

Waltham, MA, USA).  

 

 
Apoptosis and Proliferation assay 
Cells were plated in 96-well plates, and after treatment, apoptosis was determined using 

CellEvent Caspase-3/7 Green Detection Reagent (Invitrogen) and proliferation using 

CyQUANT NF Cell Proliferation Assay Kit (Invitrogen, Carlsbad, CA, USA), following 

manufacturer’s instructions (more details in supporting information). 

 

Cytokine measurement 
The culture medium was collected from transfected keratinocytes after stimulation and 

stored at –80°C. ELISA kits were used to quantify protein levels of CXCL8, CCL5, CCL20 

and S100A7 (Diaclone, Besancon, France) following the manufacturer’s instructions. 

 
miRNA microarray and pathway analysis 
To comprehensively characterize the miR-885-5p regulatory network and to precisely map 

the miRNA target sites, we performed a Genechip Human Gene 1.0 ST Array 

(Thermofisher, Waltham, MA, USA), using anti-885-5p transfected keratinocytes, non-

stimulated and stimulated with IFNɑ or UVB (more details in supporting information).  
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Luciferase assay 

Primary keratinocytes were co-transfected with the vector pEZX-MT01-PSMB5 3′UTR or 

pEZX-MT01-TRAF1 3′ UTR and 10 μM miR-885-5p mimics (mirVanaTM, Life 

technologies, Carlsbad, CA, USA) using DharmaFECT Duo transfect reagent (Thermo 

Fisher Scientific, Waltham, MA, USA) according to manufacturer protocols. After 24 h, 

luciferase activity was measured using a Dual-Luciferase Reporter Assay System 

(Promega, Madison, WI, USA).   

 

Migration Transwell assay 
The migration assays and co-culture experiments were performed in a modified 24-well 

plate with cell culture inserts (3.0- and 0.4-μm pore; BD Biosciences, Franklin Lakes, NJ). 

keratinocytes (1×105 cells/well) were transfected with anti-miR-885-5p (10μM), siTRAF1 

(240 ng) or the corresponding negative control and platted in the bottom of 24-well plate. 

After 24hours, they were stimulated with UVB (25mJ/cm2). Then, primary PBMCs from 

healthy controls were stained with DAPI (5 μL) (Invitrogen, Waltham, MA, DAPI), and 

plated in the upper well. Migration of PBMCs was evaluated with inverted fluorescence 

microscope Leica DMi1 (Leica, Wetzlar, Germany) after 6, 24 and 48 hours of incubation. 

 

Statistical Analysis 
Data are represented as mean ± SEM. Paired an unpaired T-tests were used for the 

analysis of the data as applicable using Prism GraphPad version 7.0 (GraphPad Software, 

v 7.0, San Diego, CA, USA).  P values of less than 0.05 were considered statistically 

significant. RT-qPCR analysis was done by calculating Fold Change differences 2-△△Ct 

method. 

 

 
Results  
 
miR-885-5p is suppressed in the epidermis of lesional CLE skin  
We described that miR-885-5p expression levels, measured by RT-qPCR, were 

downregulated in lesional skin from CLE patients, in both DLE and SCLE subtypes (Solé 

et al. 2019). In the present study we performed an in situ hybridization to locate miR-885-

5p in sections of lesional and non-lesional skin from CLE patients (DLE (n=5) and SCLE 

(n=5)). We found miR-885-5p expressed in nonlesional CLE skin, mainly in the basal and 

spinous layers of the epidermis. In contrast, in lesional skin from the same patients, miR-

885-5p was downregulated (DLE p=0.003; SCLE p=0.018) (Figure 1a). To identify the cell 

types expressing miR-885-5p in the skin, we also performed RT-qPCR on a panel of 
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isolated primary human skin cells. Results showed that miR-885-5p was mainly expressed 

by keratinocytes (p<0.001, Figure 1b). 

  

IFNα and UVB regulate miR-885-5p expression in keratinocytes 
Next, we sought to explore the mechanisms underlying decreased miR-885-5p expression 

in CLE epidermis. To investigate whether its decreased expression is due to the 

inflammatory cytokine milieu in CLE and UVB radiation, primary human keratinocytes from 

healthy individuals (Heka) were treated with a single dose of either TNFα, IFNα, IL1α, 

TGFβ (10 ng/mL) and UVB (25 mJ/cm2), and the expression of miR-885-5p was analysed. 

Expression started to decline significantly after 6 hours in most stimuli (p<0.05). Of all 

tested conditions, a single treatment with IFNα and UVB exposure led to a significant long-

lasting downregulation of miR-885-5p, which remained suppressed 18 hours after 

treatment (Figure 1c). Therefore, for later experiments we chose IFNα and UVB as stimuli 

for miR-885-5p modulation for their marked effect.  

 

To further investigate the regulation of miR-885-5p, we analysed in vitro the effects of IFNα 

and UVB in primary keratinocytes isolated from CLE patients (Figure 1d). Compared to 

healthy controls, a more significant downregulation of miR-885-5p was observed in both 

DLE and SCLE following IFNα stimulation (p<0.001, fold decrease of 9.61 and 7.20, 

respectively) and UVB radiation (p<0.001, fold decrease of 7.80 and 9.20, respectively). 

  

miRNA 885-5p targets PSMB5 in keratinocytes 
To explore the biological role of miR-885-5p in CLE, we transfected miR-885-5p hairpin 

inhibitor (anti–miR-885-5p) into primary human keratinocytes to inhibit endogenous miR-

885-5p. Inhibition of miR-885-5p was confirmed by qRT-PCR analysis of miR-885-5p 

expression (Figure S1). We performed a global transcriptome analysis of keratinocytes 

upon supression of endogenous miR-885-5p using Affymetrix arrays in non-stimulatory 

conditions and after stimulation with IFNα or UVB exposure. Differentially expressed 

genes (DEG) were generated using a criteria of > 1.5-fold change and p value < 0.05, and 

were subsequently interrogated using Ingenuity Pathway Analysis (IPA) (Qiagen, Hilden, 

Germany). The study identified 65 DEGs in non-stimulatory conditions, 128 DEGs post 

IFNα stimulation and 208 DEGs post UVB exposure (p value <0.05, logFC > |1.5|) (Figure 

2a). Volcano Plots show the top 20 most significant DEGs for each condition (Figure S2, 

Table S4). Studying the overlap among DEGs with >1.5-fold increase/decrease from each 

comparison, PSMB5 (proteasome 20S Subunit Beta 5) was identified as the unique 

common DEG (Figure 2b). This gene encodes for a protein that contributes to the complete 
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assembly of 20S proteasome subunit and forms a proteolytic environment for substrate 

degradation, antigen cell presentation and cell proliferation (Seifert et al., 2010).  

 

Using TargetScan, we detected that the 3’untraslated region (3’UTR) of human PSMB5 

mRNA contains a potential binding site for miR-885-5p. To verify whether PSMB5 is a 

direct target gene for miR-885-5p, we performed 3′UTR luciferase-binding assays. The 

transfection of miR-885-5p mimics resulted in the suppression of the luciferase activity of 

the reporter containing regions of the 3’UTR of human PSMB5 indicating that PSMB5 is a 

direct target of miR-885-5p (74% of reduction p<0.001) (Figure 2c). 

 

We next sought to evaluate whether miR-885-5p influences endogenous PSMB5 

expression. Notably, in anti-miR-885-5p transfected keratinocytes, PSMB5 expression 

was increased both at mRNA level  as shown by qRT-PCR (NS: 1.3-fold p<0.01; IFN: 2.1-

fold p<0.001; UVB 1.9-fold p<0.05)  (Figure S3)  and at a protein level by 

immunofluorescence (Figure 2d) (NS: p<0.05; IFN p<0.05; UVB: p<0.05). 

PSMB5 expression negatively correlated with miR-885-5p (r=-0-4905; p=0.0105) (Figure 

S4). Moreover, mRNA (p<0.01) and protein levels of PSMB5 were significantly increased 

in lesional skin samples from CLE patients (Figure 2e, 2f). In tissue, PSMB5 expression 

was also detected in the spinous and basal layers of the epidermis (DLE: p<0.001; SCLE: 

p<0.001). Together, data from luciferase reporter assay, transfection experiments, 

immunofluorescence analysis, and clinical samples indicate that PSMB5 is a direct target 

of miR-885-5p.  

 

miR-885-5p promotes NF-κB pathway activation and proliferation via PSMB5 
To explore the biological role and importance of miR-885-5p targeting PSMB5 in CLE, we 

performed functional assays using anti-miR-885-5p transfected keratinocytes and 

silenced-PSMB5 keratinocytes. Since miR-885-5p and PSMB5 have been associated with 

cell cycle progression and survival, we evaluated their effect in keratinocyte proliferation 

and apoptosis. In vitro, anti-miR-885-5p transfected keratinocytes displayed an enhanced 

cell proliferation in non-stimulatory conditions and following IFNɑ or UVB stimulation (fold 

increase of 1.87, 2.23 and 2.42, respectively, Figure 3a).  

There was a parallel increase of P63 and KRT16 proliferative epidermal markers and 

CDK4 and BIRC5 proliferative genes by RT-qPCR (Figure 3b).  Silencing PSMB5 showed 

the opposite effect on keratinocyte proliferation under all studied conditions (fold decrease 

of 1.52 for non-stimulation, 1.43 for IFNα  stimulation and 1.27 for UVB) (Figure 3a). This 

effect was also observed in the expression levels of P63, KRT16, CDK4 and BIRC5 

(Figure 3b). The presence of keratinocyte proliferation in CLE, mainly observed in DLE 
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lesional skin (p=0.009, Figure 3c) shown by KI-67 immunofluorescent staining. No effect 

on apoptosis was observed (Figure S5). 

 

NF-κB plays a central role in CLE and its activation is regulated by a proteasome-

dependent degradation of its inhibitory proteins termed inhibitors of nuclear kappa B (IκBs 

or NFκBIs) (Chen 2007). Since PSMB5 is a proteolytically active subunit of the ubiquitin-

proteasome system (UPS), we investigated a possible interaction between miR-885-

5p/PSMB5 and NF-κB signaling pathway. First, we demonstrated that anti-miR-885-5p 

transfected keratinocytes overexpressed NFKB1 and related cytokines (IL1A, TNF and 

CXCL8) and that the inhibitor of NF-κB IκBα (NFKBIA)  expression levels were reduced 

both at mRNA level by qRT-PCR (Fig. 3d) , and at protein level by immunofluorescence 

(Fig. 3e). These changes were more pronounced under the UVB stimulatory condition. 

siPSMB5 keratinocytes showed the opposite effect (Figure 3d, 3e). These data indicate 

that the regulation miR-885-5p modulates of NF-κB in keratinocytes, and that this 

modulation is mediated by PSMB5. 

 
miR-885-5p downregulation regulates the leukocyte-attracting capacity of 
keratinocytes independently of PSMB5 
Heat map from microarray results highlights the most relevant common cytokines in 

stimulatory and non-stimulatory conditions (Figure 4a). CCL5, CCL20, CXCL8 and 

S1007A upregulation was validated by RT-qPCR on keratinocytes transfected with anti–

miR-885 or anti–miR-Ctrl under UVB stimulatory conditions (Figure 4b). Of all chemokines, 

CCL5 and CCL20 were the most significantly overexpressed (fold change of 10.97 

p<0.001 and 12.38, p<0.001 respectively). Consistently, the amount of these chemokines 

secreted into the culture medium was increased by anti–miR-885 as shown by ELISA 

(Figure 4c). Since these chemokines have the ability to recruit leukocytes (20), we 

examined whether the capacity of keratinocytes to attract leukocytes was affected by miR-

885-5p. Migration assays with PBMCs co-cultured with UVB stimulated anti-miR-885-5p 

transfected keratinocytes showed an increased PBMCs migration (fold increase of 2.27, 

2.55 and 2.83 overtime) that was sustained over time but that it was PSMB5 independent 

(Figure 4d).  

 

miR-885-5p targets TNF Receptor Associated Factor 1 (TRAF1) in keratinocytes 
promoting leukocyte recruitment  
Next, we aimed to identify the molecular mechanism by which miR-885-5p modulates the 

leukocyte recruitment. Analysis of upregulated genes of anti-885-5p UVB-stimulated 

keratinocytes in the microarray and the predicted target genes provided by TargetScan 
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data base data, we identified sixteen predicted genes (Table S5) of which TRAF1 was the 

only one related with immune recruitment (Figure 5a) (Oyoshi et al 2007). TRAF1 gene 

expression (fold change of 6.04, p<0.001) and protein levels (p<0.05) (Figure 5b and 5c) 

were upregulated in keratinocytes upon miR-885-5p inhibition. TRAF1 expression 

inversely correlated with miR-885-5p expression (r=-0.36; p=0.02) (Figure S6). To 

determine whether TRAF1 is a target of miR-885-5p, we performed 3’-UTR luciferase 

reporter assays with luciferase reporter gene constructs containing the full-length 3’-UTR 

of TRAF1 mRNA in human primary keratinocytes. We observed a significant reduction of 

luciferase activity using miR-885-5p mimics in comparison with miR-control (27% of 

reduction, p=0.005, Figure 5d).   

 

Silencing of TRAF1 reduced significantly leucocyte migration overtime (fold decrease of 

1.82, 2.35 and 2.38 overtime, Figure 5e). In addition, siTRAF1 reduced the expression of 

CCL5, CCL20, CXCL8 and S100A7 chemokines (fold decrease of 3.22, 2.21, 6.61 and 

2.35, respectively) in UVB-stimulated keratinocytes (Figure 5f). Consistently, the amount 

of protein in culture medium were also decreased in a similar way (Figure 5g). TRAF1 is 

described as an inductor of NF-ҡB pathway (Xie P, 2013). We found that NFKB1 gene 

expression is reduced in siTRAF1 (fold decrease of 1.84, p=0.005) suggesting a direct link 

between miR-885-5p/TRAF1 and NF-ҡB pathway (Figure 5h). 

 
Discussion 
 
In this study, we show that miR 885-5p is downregulated in the epidermis of patients with 

CLE and we have identified two novel targets that demonstrate this gene to be involved in 

epidermal inflammation, proliferation and immune regulation. miR-885-5p expression has 

been reported to be dysregulated in several human cancer types (Zu et al., 2021), however 

it has not been described previously in skin or other autoimmune diseases.  In CLE, miR-

885-5p was identified as a keratinocyte-specific miRNA and no differences in expression 

were found between the most common subtypes of CLE, DLE and SCLE, suggesting that 

miR-885-5p plays a role in common pathogenic pathways. UVB and IFNɑ were found two 

be strong regulators of miR-885-5p in keratinocytes, suggesting that high IFNɑ levels in 

CLE skin, and mainly UVB are responsible for the downregulation of miR-885-5p.  

 

Increasing evidence demonstrates keratinocytes to play an important role in the 

pathogenesis of CLE (Sarkar et al., 2018; Stannard et al., 2017; Tsoi et al., 2019). 

Photosensitivity is a common characteristic for CLE, ranging from 27-100% according to 

the subtype of CLE.   Ultraviolet (UV) light, particularly UVB (290–320 nm),  plays a central 

role by triggering keratinocyte apoptosis, transport of nucleoprotein autoantigens to the 
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keratinocyte cell surface and the release of inflammatory cytokines (including interferons 

(IFNs), tumor necrosis factor (TNF)-α, inter-leukin (IL)-1, IL-6, IL-8, IL-10 and IL-17) which 

are  important for initiation, development and perpetuation of CLE (Robinson and Werth, 

2015; Zhou et al., 2021). Increased IFN, particularly type I IFN, is central to the 

development of CLE lesions. In CLE, type I IFN is produced in response to nuclear 

antigens, immune complexes and UV light (Kahlenberg, 2021). Type I IFN increases 

leukocyte recruitment to the skin via inflammatory cytokines, chemokines, and adhesion 

molecules, thereby inducing a cycle of cutaneous inflammation (Turnier et al.; 2020). 

 

In pathological conditions, miR-885 expression has been reported to be dysregulated in 

several human cancer types, including liver cancer, neuroblastoma and oncocytic follicular 

thyroid carcinomes (Dettmer et al., 2012; Su et al., 2018; Xu et al., 2019). When 

overexpressed this miRNA has been shown to supress cell proliferation, migration and 

invasion by regulating the cell cycle arrest, senescence and/or apoptosis (Gao et al., 2017; 

Li et al., 2019). Keratinocyte hyperproliferation is not a hallmark of cutaneous lupus, but 

DLE lesions, show hyperkeratosis and atrophy, which reflect abnormal epidermal 

proliferation, combined with normal early differentiation and premature terminal 

differentiation of keratinocytes  (de Jong et al., 1991). Our study showed that inhibition of 

miR-885-5p promotes aberrant keratinocyte proliferation accompanied by an increase of 

proliferative genes KRT16, TP63, BIRC5 and CDK4 in vitro. However, no effects were 

observed on apoptosis. This proliferation was mediated by a novel target gene identified 

of miR-885-5p, PSMB5 as silencing of PSMB5 reverted the effect of miR-885 on 

keratinocyte proliferation.  

 
PSMB5 is a subunit of the 20 S proteasome.  Into detail, the 20 S proteasome is composed 

of seven subunits, termed α1-α7 and β1-β7. The α subunits maintain the structure, 

whereas the core β rings contains proteolytically active subunits such as PSMB5 (β5, 

chymotrypsin-like), PSMB6 (β1, caspase-like), and PSMB7 (β2, trypsin-like) (Tanaka, 

2009).  The proteasome activity is controlled stringently and attuned to cellular 

requirements. Aberrations of this pathway lead to pleiotropic defects in all aspects of cell 

function and may affect cellular homeostasis and contribute to disease origin and 

development (Vangala et al., 2014). It mediates the intracellular key proteins including 

those involved in cell cycle regulation (Tu et al., 2012). Our findings indicate that miR-885-

5p was targeting PSMB5 proteasome subunit. In addition, PSMB5 was increased at a 

gene expression and protein level in lesional epidermal CLE skin compared to non-lesional 

CLE skin.  The ubiquitin-proteasome pathway plays a crucial role in NF-κB pathway 

activation by promoting the ubiquitination of NF-κB inhibitor IκBα (NFKBIA), promoting its 
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degradation and the subsequent NF-κB activation (Chen, 2007). Therefore, we aimed to 

investigate the relation between miR-885-5p/PSMB5 and NF-κB signaling. In vitro 

experiments showed that when miR-885-5p inhibited, there is a decrease of NF-κB 

inhibitor IκBα  (NFKBIA) at a protein and gene expression levels and consequently there 

is an increase of NFKB1 and related cytokines TNF and IL1B. Contrary results were 

observed when PSMB5 is inhibited. Taken together, our results indicate that in cutaneous 

lupus lesional skin low levels of miR-885-5p modulate NF-κB via PSMB5. Low levels of 

miR-885-5p increase PSMB5 and NFKBIA is decreased  and NF-κB is released and active 

for nuclear translocation to promote epidermal inflammation. 

 

Gene microarray in anti-885-5p UVB keratinocytes revealed an increase of chemokines 

CCL5, CXCL8 and CCL20 and antimicrobial peptide S100A7. Inhibition of miR-885-5p in 

keratinocytes increased migration of immune cells in vitro in co-culture experiments. To 

our knowledge, we are the first to report that low levels of miR-885-5p contribute to 

immune recruitment.  Immune migration was not observed when PSMB5 was inhibited 

indicating that PSMB5 does not mediate the miR-885-5p immune migration. By luciferase 

assay we demonstrated that TRAF1 is a direct miR-885-5p target and in vitro co-culture 

studies showed that it mediates immune recruitment. Increased protein and gene 

expression of TRAF1 in CLE lesional skin was observed.  TRAF1 is  a member of the 

TRAF protein family, which regulates the canonical and noncanonical NF-κB signaling 

cascades and mediates pro-inflammatory cytokine production and inflammatory 

responses (Edilova et al., 2018; Guo et al., 2009). It has been reported that  TRAF1 

expression in skin and keratinocytes is upregulated and sustained after UVB exposure 

(Yamamoto et al., 2018). Our results underline previous studies which found that TRAF1 

deficiency impairs attraction of lymphocytes, neutrophils, myeloid dendritic cells and 

monocyte recruitment and tissue secretion of chemokines and adhesion molecules 

(Oyoshi et al., 2007; Missou et al., 2010). 

 
Currently there is a lack of efficient targeted treatment for CLE refractory patients. Because 

of their crucial roles in regulation of gene expression in diverse physiological and 

pathological conditions, miRNAs are promising therapeutic agents (Christopher et al., 

2016). To date, miRNA-based therapies have entered the clinical trial phase, showing 

promising results (Chakraborty et al., 2020). In addition strategies of topical nanodelivery 

show few adverse events (Gallant-Behm et al, 2019).  Our study suggests that miRNA-

885-5p mimics based therapy could be of interest for CLE. Further research on miRNA 

therapeutics within in vivo models or 3D skin equivalent need to be conducted to the 

development of new strategies for treating this refractory disease.  
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In conclusion, the present study has shown that miR-885-5p is commonly downregulated 

in DLE and SCLE.  Low levels mediates a role in CLE pathogenesis promoting epidermal 

inflammation, proliferation and immune recruitment in the CLE lesional sites. Two novel 

target genes of miR-885-5p PSMB5 and TRAF1 have been identified.  As in CLE, miR-

885-5p is downregulated, PSMB5 and TRAF1 are in turn upregulated and may promote 

epidermal inflammation/proliferation and immune recruitment respectively (Figure 6). 

Further research into the therapeutical role of miR-885-5p in cutaneous lupus should be 

considered. 
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Figure 1. miR-885-5p is downregulated in CLE lesional keratinocytes and it is 
modulated by IFNα and UVB. A) In situ hybridization of miR-885-5p in CLE skin showed 
that miR-885-5p is mainly detected in the epidermis of DLE and SCLE lesional skin (n=5 
DLE, n=5 SCLE, paired patients). B) Keratinocytes from healthy donors express high 
levels of miR-885-5p compared to other cell types such as dermal fibroblasts of PBMCs 
(n=3).  C) miR-885-5p expression by RT-qPCR was evaluated at different timepoints after 
receiving inflammatory stimulus in vitro in keratinocytes. D) Keratinocytes from healthy 
donors, DLE and SCLE (n=3 respectively) were incubated with IFNα or UVB and miR-885-
5p expression was analysed by RT-qPCR. 
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Figure 2.  miR-885-5p modulates PSMB5. A) Heatmap of gene expression in microarray 
of anti-miR-885-5p transfected keratinocytes vs control in Non-stimulated, IFNα and UVB 
conditions (n=4 each condition). B) Venn diagram showing that PSMB5 is the unique gene 
upregulated in Non-stimulated, IFNα and UVB conditions with miR-885-5p inhibited. C) 
Luciferase assay showed that miR-885-5p targets directly PSMB5. D) Anti miR-885-5p 
increases protein levels of PSMB5 in keratinocytes in vitro shown by immunofluorescence. 
E) RT-qPCR of miR-885-5p in CLE lesional and non-lesional skin from paired patients 
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(n=6). F) Immunofluorescence of PSMB5 in CLE lesional and non lesional skin from paired 
patients n=5. In vitro experiments were with performed a minimum of three replicates.  
 
 

 
 
Figure 3. mir-885-5p inhibition promotes epidermal proliferation in vitro and NF-κB 
activation via PSMB5. A) Proliferation assay in anti-miR-885-5p and siPSMB5 
transfected keratinocytes. B) Gene expression of epidermal proliferation genes anti-miR-
885-5p keratinocytes and siPSMB5 keratinocytes.  C) Immunofluorescence of KI67 in CLE 
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lesional and non-lesional skin (n=5). D) Gene expression of NF-κB signaling pathway 
molecules in UVB and IFN stimulated keratinocytes transfected with anti-miR-885-5p or 
siPSMB5. E) Merged Immunofluorescence of NF-κB (green), NFκBI inhibitor (red), nuclei 
(DAPI in blue) in anti-miR-5p and siPSMB5 keratinocytes. All experiments were performed 
in a minimum of triplicates. For gene expression assays, keratinocytes were transfected 
for 24h and stimulated for 6h. For protein expression assays, keratinocytes were 
transfected for 24h and stimulated for 24h. 
 
 
 

 
 
Figure 4. miR-885-5p inhibitions promotes the leukocyte-attracting capacity of 
keratinocytes independently of PSMB5. A) Heatmap showing differentially expressed 
chemokines CCL5, CCL20, CXCL8 and antimicrobial peptide S100A7 in anti-miR-885-5p 
transfected keratinocytes vs control. B) RT-qPCR of CCL5, CCL20, CXCL8 and S100A7 
in anti-miR-885-5p transfected keratinocytes. C) Evaluation of CCL5, CCL20, CXCL8 and 
S100A7 in supernatant from anti-miR-885-5p keratinocytes. D) Migration assays in co-
culture experiments. Keratinocytes were transfected (siPSMB5/anti-miR-885-5p) and on 
the next day UVB stimulated and PBMCs were stained with DAPI and seeded in the upper 
insert. Migration was evaluated at 6h, 24h and 48h.  
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Figure 5. miR-885-5p targets TNF Receptor Associated Factor 1 (TRAF1) in 
keratinocytes promoting leukocyte recruitment. A) Venn diagram shows TRAF1 as a 
potential predicted miR-885-5p target gene related with immune recruitment and 
upregulated in anti-miR-885-5p transfected keratinocytes stimulates with UVB. B) TRAF1 
gene expression in anti-miR-88-5p transfected keratinocytes stimulated with UVB. C) 
Immunofluorescence of TRAF1 in UVB-stimulated anti-miR-885-5p keratinocytes. D) 
Luciferase assay showed that TRAF1 is target gene of miR-885-5p. E) Migration assay of 
PBMCs co-cultured with siTRAF1 transfected keratinocytes stimulated with UVB. F) RT-
qPCR of CCL5, CCL20, CXCL8 and S100A7 in siTRAF1 transfected keratinocytes. G) 
Evaluation of CCL5, CCL20, CXCL8 and S100A7 in supernatant from siTRAF1 
keratinocytes. H) NFKB1 gene expression in siTRAF1 and anti-miR-885-5p keratinocytes.  
 
 

 
 
Figure 6.  Role of low miR-885-5p levels in CLE. mIR-885-5p is downregulated in CLE 
epidermal keratinocytes and its downregulated is accentuated after UVB and IFN α. When 
downregulated it cannot target its two target genes PSMB5 and TRAF1. In turn, PSMB5 
is upregulated and therefore IκB (NκFBI) is decreased and NFκB is activated and 
promotes epidermal inflammation and IL1β and TNFα expression. PSMB5 also promotes 
epidermal proliferation accompanied by an increase of KRT16, BIRC5, CDK4 and TP63 
genes. On the other hand, TRAF1 is upregulated and therefore keratinocytes secrete 
chemokines CCL5, CCL20, CXCL8 and antimicrobial peptide S100A7 that promote 
leucocyte attraction and immune recruitment to the CLE lesional site.  
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SI Materials and Methods 
 
Patients’ clinical characteristics and samples 
 

A total of 20 CLE patients were included in the study. Demographic characteristics are 

shown in Table S1. At the time of skin biopsy, disease activity and degree of scarring was 

assessed by the validated modified CLE Disease Area and Severity Index (CLASI) 

(Albrecht et al., 2005). Patient’s inclusion criteria included: age ≥ 18 years old, the 

presence of skin lesional area bigger than 3cm, a validated CLE Disease Area and 

Severity Index (CLASI) greater than 4 and no previous treatment with 

immunosuppressants for ≥1 month or topical corticoids for at least ≥2 weeks. The study 

was approved by the Local Vall d’Hebrón Ethics Committee and informed consent was 

obtained from all subjects before the study. 

 

Two six-millimetre punch biopsies were taken from lesional and non-lesional skin from 20 

CLE untreated patients with active disease for histology analysis and in vitro experiments 

(Supplementary Table S1). The first 6mm punch of lesional and non-lesional skin biopsy 

was fixed in 5% formalin and embedded in paraffin blocks for the histological examination, 

immunohistochemistry or hybridization in situ. The second 6mm punch of lesional skin 

biopsy and skin biopsies from healthy donors (n=10) were immediately processed to 

obtain their primary keratinocytes. The diagnosis and classification of CLE were based on 

clinical and histological criteria according to the 2004 Dusseldorf classification (Khun and 

Ruzicka, 2004). Disease activity and degree of scarring was assessed by the validated 

modified CLE Disease Area and Severity Index (CLASI) (Albrecht et al, 2005). 

 

Blood samples were also extracted for PBMCs isolation. Blood samples were collected in 

mononuclear cell preparation tubes with sodium citrate (Vacutainer CPT, BD Bioscences). 

After 25 min of centrifugation at 3000 rpm the section containing PBMCs was clearly visible 

and cells were collected using a pipette and washed twice in phosphate buffered saline 

(PBS). The cellular pellet was frozen at -80ºC for the miRNA extraction and also frozen 

with cell culture freezing medium for in vitro experiments.  

 
Skin in situ hybridization 
Hybridization with hsa-miR-885-5p with 5′-DIG and 3′-DIG–labeled miRCURY LNA 

detection probe (Exiqon, Copenhagen, Denmark) was performed overnight at 50°C. The 

probe binding was detected by incubating sections with anti-DIG-alkaline phosphatase 
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antibody (1:800; Roche, Basel, Switzerland) for 2 hours at room temperature. The staining 

was blinded evaluated. 

 

Evaluation of in situ hybridization, immunohistochemistry and 
immunofluorescence in skin sections 
In situ hybridization, immunohistochemistry and immunofluorescence results were 

evaluated on blinded specimens by three independent dermatopathologists from the Vall 

d’Hebron pathology unit. Positive cells per millimetre were quantified using computer-

assisted image analysis software (ImageJ 1.42, National Institutes of Health, Bethesda, 

MD, USA) and evaluated by Olympus IX71 (TH4-200) U-RFL-T microscope. The staining 

of the epidermis, dermis and inflammatory infiltrate was evaluated semi-quantitatively 

using the following blinded score: 0 (<10% positive cells), 0.5 (10-20% positive cells), 1 

(20-40% positive cells), 1.5 (40-60% positive cells), 2 (60-80% positive cells), 2.5 (80-90% 

positive cells) or 3 (>90% positive cells). 

 

Isolation of primary human keratinocytes from the skin biopsy 

Primary human keratinocytes were isolated following the optimised protocol from 

Belmonte (Trond and Belmonte, 2010). Briefly, punch skin biopsies of 6 mm from lupus 

cutaneous patients (n=20) and healthy controls (n=10) were obtained, then incubated with 

dispase overnight at 4ºC to peel off the dermis from epidermis and they were cut into 2-3-

mm pieces to be digested with TrypLE Express Enzyme (1X) at 37°C during 18min, 

separately. Then epidermis skin pieces were mechanically dissociated and filtered through 

a 40-μm cell strainer (Falcon, BD Biosciences). The filtrate was centrifuged at 1600g 

during 5min at 4ºC. The cellular pellets were resuspended in in 10mL Epilife Medium 

supplemented with 10% HGSK and 5% antibiotics. The cells were cultured in 25 cm2 tissue 

culture flasks (Cell+ Sarstedt) at 37°C in 5% CO2 and the medium cells were change every 

2-3 days. In the present study, keratinocytes at passage 2 were used for all experiments. 

 
PBMCs isolation from blood 
 

Blood from CLE patients before and after thalidomide treatment and healthy controls was 

collected directly into mononuclear cell preparation tubes with sodium citrate (Vacutainer 

CPT, BD Biosciences). Tubes were centrifuged at 3000 rpm for 30 minutes at room 

temperature (RT). After that, the layer containing peripheral blood mononuclear cells was 

clearly visible and collected using a pipette. Cells were washed twice with PBS and 
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resuspended in complete RPMI media (RPMI, 10% FBS, 10% Pen/Strep, 2 mM/L-

Glutamine) (Gibco, Life Technologies). 

 

Immunofluorescence on primary cells 
 

Healthy Human epidermal keratinocytes (HEKa cells, Life Technologies, Carlsbad, CA) 

were seeded in sterile glass coverslips in 24 well-plates and incubated overnight at 37ºC 

for adherence. After anti-miR transfection, keratinocytes were stimulation with IFNα (10 

ng/mL, Life Technologies) or 25 mJ/cm2 or steril PBS (in non-stimulated conditions) during 

6 hours. Then, cells were washed with PBS and then fixed for 15 minutes in 4% PFA 

followed by permeabilization with 0.1% TritonX-100 for 10 minutes. Blocking solution (BSA 

5%) was added for 1 hour at RT and primary antibodies were incubated overnight at 4ºC 

and secondary antibodies were added for 2h at RT (Table S2). DAPI was used to visualize 

the nucleus. Images were captured using Olympus BX61 microscope.  

 
RNA extraction 
 Skin biopsies were homogenised by politron and RNA was purified using miRVANA 

miRNA Isolation Kit (Applied Biosystems) following manufacturer’s instructions. Total RNA 

from cultured cells was extracted after cell lysis with RNeasy Mini Kit (Qiagen). The yield 

and the quality of RNA from cell cultures were assessed by measuring its absorbance at 

260nm and 280nm with Nanodrop. Ratios of A260/A280 between 1.8 and 2.1 were 

considered acceptable to use the RNA for the subsequent experiments. 

 

Microarray analysis 
Microarrays were carried out using Genechip Human Gene 1.0 ST Array (an array with 

14,500 well-characterised human genes used to explore human biology and disease 

processes). The arrays were performed at the Scientific and Technical Support Unit of our 

Research Institute as described elsewhere (Affymetrix, Santa Clara, CA, 

www.affymetrix.com). Data obtained from the microarrays were analysed by the Statistics 

and Bioinformatics Unit of our research institute. 

 

 
RT-qPCR 
 

Once RNA was obtained, 1ug of total RNA was reverse-transcribed into cDNA using the 

High Capacity cDNA Reverse Transcription Kit (Applied Biosystems) with the thermal 

cycler program: 25ºC for 10min, 37ºC for 120 min and 85ºC for 5min. Gene expression 
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was assessed by TaqMan gene expression assays  (FAM dye-labeled MGB probe, 

Applied Biosystems). Using 96 well plates or 384 well plates in the ABI PRISM 7000 or 

ABI PRISM 7900 thermocyclers respectively at 50ºC for 2 min, 95ºC for 10min, followed 

by 40 cycles of 95ºC for 15s and 60ºC for 1 min. Obtained data was normalised based on 

the expression of the endogenous control gene GAPDH (Hs02786624_g1).  

 

Apoptosis and Proliferation Assays 
 
Cells were plated in 24-well plates, stimulated with 25 mJ/cm2 in case of Keratinocytes or 

10 ng/mL TNFα (Life Technologies) for PBMCs and thalidomide was added for 24h. Then, 

they were stained with Dead Cell Apoptosis Kit with Annexin V APC and SYTOX™ Green 

(Thermofisher) and measured by flow cytometry. For proliferation assays, cells were 

plated in 96-well plates, stimulated and thalidomide was added. After 24h, CyQUANT NF 

Cell Proliferation Assay Kit (Invitrogen) was used following manufacturer’s instructions. 

Relative changes were calculated using “Non-Thalidomide treated cells” as control.  

 

Supplementary Figures 
 
Supplementary Fig 1. Inhibition of miR-885-5p was confirmed by qRT-PCR analysis in 
keratinocytes before to perform microarray analysis. Four replicates were used for the 
microarray analysis in each condition. Keratinocytes were stimulated with IFN (10ng/mL) 
or UVB radiated (25 mJ/cm) or non-stimulated (NS). * p<0.05, ** p<0.005 and ***p>0.001. 
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Supplementary Fig 2.  Volcano plots from microarray of miR-885-5p inhibited or 
not inhibited (control) keratinocytes showed the top 20 most significant differentially 
expressed genes (DEG) for each comparison. Keratinocytes were non-stimulated 
(NS) or stimulated with interferon (IFNα) or UVB radiation.  
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Supplementary Fig 3.  Primary keratinocytes were transfected to inhibit miR-885-
5p (anti miR-885-5p). Then, they were non-stimulated (NS) or stimulated with 
interferon alpha or UVB radiation. Gene expression of PSMB5 was evaluated by 
qRT-PCR showing an upregulation in anti miR-885-5p condition. Fold change over 
control condition and normalised using GAPDH as endogenous gene.  * p<0.05, ** 
p<0.005 and ***p>0.001. 
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Supplementary Fig 4.  A significant inverse correlation was found in the 
relationship between the relative gene expression (RE) of PSMB5 and the relative 
gene expression (RE) of miR-885-5p in primary keratinocytes.  
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Supplementary Fig 5. Apoptosis of Human epidermal keratinocytes after 
inhibition of miR-885-5p. Cells were stimulated with IFNα (10ng/mL), non-
stimulated (NS) or they were radiated with 25mJ/cm2 UVB during 6hours after 
inhibition. Apoptotic cells were calculated by flow cytometry analysis. No significant 
difference were observed between inhibited (anti-miR-885-5p) and non-inhibited 
cells (control).  
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Supplementary Fig 6.  A significant inverse correlation was found in the 
relationship between the relative gene expression (RE) of TRAF1 and the relative 
gene expression (RE) of miR-885-5p in primary keratinocytes. 
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Supplementary Tables 
 
Table S1. Clinical and laboratory characteristics of the study subjects.  

 CLE (n=20) 
AGE, mean (SD), yrs 47 (13.1) 
Female, n (%) 15 (75%) 
Photosensitivity, n (%) 8 (40%) 
Smoking, (%) 7 (35%) 
CLASI ACTIVITY, mean (SD) 8.17 (2.9) 
CLASI DAMAGE, mean (SD) 0.98 (1.18) 
Type of CLE (DLE/CLE) 10/10 
Systemic Lupus Erythematosus 10 (50%) 
Duration of cutaneous lesions, months, 
mean (SD) 

7.5 (4.6) 

ANA positive, n (%) 12 (60%) 
Anti-Ro positive, n (%) 6 (30%) 

 
Values are number of patients and between brackets the percent of total number patients. 
The other values are means and SD in brackets. CLASI: Cutaneous Lupus Erythematosus 
Disease Area and Severity Index; CLE: cutaneous lupus erythematosus; DLE: discoid 
lupus erythematosus; SCLE: subacute cutaneous lupus erythematosus; ANA: Antinuclear 
Antibodies. 
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Table S2. Antibodies used in Immunofluorescence analysis.  
 
Primary Antibody Supplier  Code 
Anti-PSBM5 Genetex GXT104687 
Anti-Ki67 Affinit AF0198 
Anti-TRAF1 Genetex GXT102372 
Anti-NFKB Genetex GTX102090 
Anti-NFKBIA Genetex GTX12138 
Secondary Antibody Supplier  Code 
Alexa-488-conjugated 
anti-rabbit IgG 

Abcam ab150077 
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Table S3.  Primer IDs used in Taqman RT-qPCR from Applied Biosystems. 
 
miRNAs Assay ID (TaqMan) 
U6 snRNA 001973 
miR-885-5p 002296 

 
 
Gene Assay ID (TaqMan) 
GADPH Hs02786624_g1 
PSBM5 Hs00605652_m1 
P63 Hs00978340_m1 

(TP63) 
K16 Hs00373910_g1 

(KRT16) 
CDK4 Hs00364847_m1 
BIRC5 Hs04194392_s1 
CCL5 Hs00982282_m1 
CCL20 Hs00355476_m1 
CXCL8 (IL8) Hs00174103_m1 
TNF Hs00174128_m1 
IL1B Hs01555410_m1 
S100A7 Hs01923188_u1 
TRAF1 Hs01090170_m1 
NFKB1 Hs00765730_m1 
NFKBIA Hs00355671_g1 
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Table S4. Table with the top 20 most significant genes for each condition (IFN 
alpha stimulation, UBV radiation and Non-stimulation condition) between control 
and anti-miR-885-5p keratinocytes. Marked in bold the unique common gene 
(PSMB5).  
 

Condition Most significant genes 

IFNα anti-miR-885-5p vs IFNα control ANF782, RHOB, IL20, EPHB3, 
CRABP2, KRT10, KRT2, SERPINB4, 

TMCO5A, C11orf87, TRMT44, 
PRODH, PCBD2, ACKR3, KRT7, 
DDAH1, SLC29A3, ATF2, CXCL8, 

PSMB5 
UVB anti-miR-885-5p vs UVB control VGLL1, GPNMB, IL36RN, RHCG, 

IL20, KCTD11, OVOL1, ITIH3, NCF2, 
TCTEX1D2, NSCRP1, KPNA7, 
CNFN, LCE3D, CDSN, LCE3E, 
WFDC5, LCE3A, PI3, PSMB5 

NS anti-miR-885-5p vs NS control ADAMTS10, EYA2, CYP24A1, 
FAM153B, PTPRR, ADGRA2, UBD, 
HOPX, CD34, PLEKHF2, TNFSF13, 

S100A7, SLC22718, EGFR3, SPRR3, 
ARG1, CXCL10, TMPRSS4, CPA5, 

PSMB5 
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Table S5. Detail of the targets identified for miR-885-5p using the upregulated genes 
of anti-885-5p UVB-stimulated keratinocytes in the microarray and the predicted target 
genes provided by TargetScan data base. TRAF1 gene is the most related with 
recruitment and immune response (in bold).  
 
Gene P.Value Fold 

Change 
Function 

FZD10 0,00048074 1,818524029 Members of this family encode 7-transmembrane domain 
proteins that are receptors for the Wingless type MMTV 
integration site family of signaling proteins. Most frizzled 
receptors are coupled to the beta-catenin canonical 
signaling pathway 

TRPV3 0,000439452 1,810590133 Functions in a variety of processes, including temperature 
sensation and vasoregulation.  

SLC28A3 0,000177666 1,793438903 Nucleoside transporters, such as SLC28A3, regulate 
multiple cellular processes, including neurotransmission 
and vascular tone. 

RTN2 7,95298E-05 1,740076895 Reticulon proteins play an important role in the replication of 
positive-strand RNA (ssRNA) viruses 

IL6R 0,000641478 1,696482011 Among its related pathways are Autophagy pathway and 
Cytokine Signaling in Immune system.  

S100A7A 0,006271826 1,645514135 Gene Ontology (GO) annotations related to this gene 
include calcium ion binding and protein self-association.  

ACVR1C 0,003456468 1,629626446 Gene Ontology (GO) annotations related to this gene 
include transferase activity, transferring phosphorus-
containing groups and protein tyrosine kinase activity 

GSDMA 0,000487379 1,615386424 This form constitutes the precursor of the pore-forming 
protein: upon cleavage, the released N-terminal moiety 
(Gasdermin-A, N-terminal) binds to membranes and forms 
pores, triggering cell death. 

GPLD1 0,008885674 1,561920502 The protein encoded by this gene is a 
glycosylphosphatidylinositol (GPI) degrading enzyme 

TRAF1 0,003070282 1,536103429 This protein and TRAF2 form a heterodimeric complex, 
which is required for TNF-alpha-mediated activation of 
MAPK8/JNK and NF-κB regulation of immune response 
and immune recruitment.  

IGFBP3 0,000307371 1,534180704 Insulin-like growth factor binding protein (IGFBP) family and 
encodes a protein with an IGFBP domain and a 
thyroglobulin type-I domain.  

RORA 0,003542912 1,5317749 The encoded protein has been shown to interact with NM23-
2, a nucleoside diphosphate kinase involved in 
organogenesis and differentiation 

AQP9 0,001445176 1,525038695 This protein allows passage of a broad range of noncharged 
solutes and also stimulates urea transport and osmotic 
water permeability 

LYVE1 0,007181546 1,524319893  The encoded protein acts as a receptor and binds to both 
soluble and immobilised hyaluronan. This protein may 
function in lymphatic hyaluronan transport and have a role 
in tumor metastasis. 

C15orf62 0,00925998 1,512971676 Annotations related to this gene include small GTPase 
binding 

SLC22A23 0,001068164 1,511087523 SLC22A23 belongs to a large family of transmembrane 
proteins that function as uniporters, symporters, and 
antiporters to transport organic ions across cell membranes 
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Chapter 2: Thalidomide mechanism of action in CLE 
 
Paper III: Thalidomide Exerts Anti-Inflammatory Effects in Cutaneous Lupus by 
Inhibiting the IRF4/NF-ҡB and AMPK1/mTOR Pathways 
 
Thalidomide drug has a high clinical efficacy in CLE that ranges between 80-90% in 

refractory patients.  However, despite its proven efficacy its use is restricted due to the 

severe side effects associated to its use such as teratogenesis and peripheral neuropathy. 

Since our group has experience with the use of thalidomide in CLE, in this part of the study 

we aimed to investigate the mechanism of action by which thalidomide improves CLE and 

to identify novel molecular targets for CLE therapy. We performed RNA sequencing in skin 

biopsies from CLE patients before and after thalidomide treatment. After that, we included 

the results together with the information obtained from the literature regarding the 

immunomodulatory properties of thalidomide and we used TMPS analysis protocols to 

identify the mechanism of action in CLE. A putative thalidomide mechanism of action was 

identified, and in vitro experiments have been performed to validate the obtained results.  

 
 
Thalidomide ameliorates skin inflammation by decreasing CD8+ T cells, increasing 
invariant NKT (iNKT) cells and promoting a TH2 response in CLE. 
 
First, in order to study immunomodulatory properties of thalidomide, circulating immune 

cells were characterised by flow cytometry in 7 thalidomide treated patients that presented 

clinical remission (CLASI =0). After thalidomide treatment, we observed a reduction of 

cytotoxic CD8+ T-cells (p<0.05) and an increase of iNKT cells (p = 0.006) (Annex 4). 

Analysis of Th subsets showed that thalidomide treated patients have an imbalance 

towards a Th2 response (p<0.05).  Immunohistochemical studies in CLE skin showed 

similar results, with a significant reduction of CD8+ T-cells (p<0.05) and an increase of iNK 

T-cells post-thalidomide (p<0.01).  

 
Thalidomide acts in CLE by modulating two CRL4CRBN-dependent pathways: IRF4-
NF-κB and AMPK/mTOR 
 

Next, in order to get insights into the thalidomide mechanism of action (MoA) in cutaneous 

lupus, a system biology approach was conducted with TPMS analysis which allowed the 

identification of putative proteins (motives) that mediate the action of thalidomide. Into 

detail, first, relevant proteins in CLE and Thalidomide were identified through the analysis 

of published biological information.  Next, to obtain further insights into the molecular basis 

of CLE, we performed an RNA-sequencing in skin of pre and post-thalidomide treated 
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responder patients (n=7) which revealed 448 differentially expressed transcripts, of which 

339 were protein coding genes (|log2(FC)| ≥ 1; Adj. p value < 0.05, data available 

GSE162424). Finally, the data obtained from bibliography and the biological data (RNA-

seq data) was used to construct and restrict a model respectively.  As a result, it was 

identified that thalidomide may act in CLE by two CRL4CRBN-dependent mechanisms: 

downregulating IRF4, leading to an inhibition of the NF-κB signaling pathway; and 

regulating AMPK/mTOR signaling pathway.  

 
 
Validation of the identified thalidomide mechanism of action 
 
The protein expression pattern of the identified key molecules was evaluated in CLE skin 

pre and post thalidomide treatment by immunofluorescence. According to the identified 

mechanism, IRF4 and mTOR (Mammalian target of rapamycin) were significantly 

upregulated in the pre-treated skin when compared to post-treatment (p>0.05 and 

p>0.0001 respectively) and AMPKa1 was upregulated (p<0.001). In detail, IRF4 was 

detected in the dermal inflammatory infiltrate of lesional CLE and mTOR and AMPKa1 

were expressed in the epidermal keratinocytes from pre-treated and post-treated skin 

samples respectively. 

 
-  Thalidomide modulates IRF4 in PBMCs.  
 
We next focused on IRF4 pathway in PBMCs, as IRF4 was mainly located in infiltrated 

immune cells in CLE skin. In vitro experiments showed that thalidomide addition 

decreased IRF4 and NF-κB in PBMCs and also related cytokines such as CCL3, IL8, IL2, 

TNF, and IL1B. Similar results were observed in siIRF4 PBMCs, indicating that thalidomide 

anti-inflammatory effect in PBMCs is dependent on IRF4 modulation 

 
-  Thalidomide modulates AMPK/mTOR in keratinocytes  

We next focused on AMPK/mTOR pathway in keratinocytes as both molecules were 

detected in CLE epidermis. In vitro experiments showed that thalidomide addition 

decreased mTOR and increased AMPKa1 in primary keratinocytes and also decreased 

the expression of related inflammatory mediator TGFB1. Effects in NF-κB pathway were 

also explored and we found that it was also modulated by mTOR and that related cytokines 

IL1B, TNF, and CXCL1 were decreased in both thalidomide treated and simTOR cells. 

These results indicate that thalidomide may exert an anti-inflammatory effect in 

keratinocytes that is mediated by mTOR and that there is a crosstalk between and 

AMPK/mTOR and NF-κB signaling pathways. 
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Thalidomide in PBMCs decrease epidermal inflammation by decreasing 
AMPK/mTOR- N-κB pathway in keratinocytes 

As the interaction between epithelial cells and the immune system is tightly regulated and 

of crucial importance in CLE, in vitro coculture functional studies were performed.  

Keratinocytes were plated on the lower chamber and PBMCs Thalidomide treated or 

siIRF4 were placed on the upper insert. We observed that thalidomide-treated PBMCs co-

cultured with keratinocytes produced a significant downregulation of keratinocyte mTOR 

protein levels and an increase of AMPKa1 and phosphorylated RPTOR, accompanied by 

a decrease of TGFB1  and NF-κB and related mediators  (IL1B and TNF). Same effect 

was observed in siIRF4 PBMCs, indicating that IRF4 decrease in PBMCs is able to 

ameliorate inflammation in keratinocyte by AMPK/mTOR and NF-κB modulation.  
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Chapter 3: Evaluation of the identified miRNAs before and after 
thalidomide treatment 
 
The modulation of miRNAs expression in CLE following therapy has not been yet 

investigated. In other skin conditions such as psoriasis, differences in miRNA profiles in 

serum and in skin have been described after anti-TNFα biological treatment, although not 

related to disease severity [245, 246]. In this part of the project, we performed a pilot study 

to determine whether thalidomide therapy affects tissue miRNA levels in patients with CLE. 

For this purpose, miR-31 and miR-485-3p, miR-885-5p, miR-139-5p expression has been 

analysed in skin samples before and after thalidomide treatment (Table 12).  

 
Thalidomide modulates miRNAs expression in CLE before and after thalidomide 
treatment. 
 

Since miR-31 and miR-485-3p were differentially upregulated in DLE (paper I), we 

performed the analysis in this type of CLE in responder and non-responder patients. 

Following thalidomide treatment, miR-31 and miR-485-3p expression levels decreased in 

skin biopsies from paired responder patients, being this reduction more significant in 

miRNA31 (p<0.001) (Fig 18), that is the keratinocyte-dependent miRNA. On the other 

hand, non-responder DLE patients did not show a significant decrease of miR-31 and miR-

485-3p (Fig 18) following thalidomide treatment. 

 
 

 
 
Figure 18. miR-31 and miR-485-3p skin expression levels from DLE al patients (n=8)  and divided 
in responder (n=5) and non-responder (n=3)  before and after thalidomide treatment.  Th: 
thalidomide. 
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The other two miRNAs identified relevant in CLE, miR-885-5p and miR-139-5p were 

downregulated in CLE both DLE and SCLE. MiR-885-5p was a keratinocyte dependent 

miRNA whereas miR-139-5p could not be detected in skin following in situ hybridization 

(paper II). After being treated Thalidomide only showed an upregulation of miR-885-5p 

(p<0.01). Regarding miR-139-5p, a tendency was observed but no significant changes 

were encountered (Fig 19). On the other hand, non-responder patients did not show a 

significant change in both miR-885-5p and miR-139-5p (Fig 19). 

  

 
 
 
Figure 19. miR-885-5p and miR-139-50 skin expression levels from DLE al patients (n=10)  and 
divided in responder (n=7) and non-responder (n=3)  before and after thalidomide treatment .  Th: 
thalidomide. 
 
 
Taken together, these results indicate that thalidomide exerts an accentuated effect mainly 

in keratinocyte dependent miRNAs miR-31 and miR-885p and a slight effect in dermal 

miR-485-3p. The observed changes were significant in the responder group, and non-

significant changes were observed in the non-responder group.  These data suggest that 

preliminary studies show these miRNAs as biomarkers of thalidomide response. These 

results need to be taken with caution since the number of patients evaluated is small. 
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Differentially expressed miRNAs expression in keratinocytes and PBMCs after 
treatment in vitro 
 
We next aimed to know if the changes observed in miRNAs following treatment were 

specific of thalidomide or could be observed following HCQ, the standard treatment for 

CLE. Healthy keratinocytes and PBMCs were cultured and treated with 100 ng/mL 

thalidomide or 1 µ g/mL of hydroxychloroquine in vitro. The miRNA expression was 

analysed by RT-qPCR. 

 

We found miR-31 expression levels in keratinocytes to decrease following both 

treatments, thalidomide (p<0.0001) or hydroxychloroquine (p<0.0001), suggesting that 

both treatments contribute to the regulation of this miRNA. However, miR-485-3p 

decreased slightly in PBMCs only after hydroxychloroquine treatment (p<0.05) (Fig 20). 

 

 
Figure 20. mir-31 and miR-139-5p expression before and after thalidomide treatment in 
keratinocytes and PBMCs respectively (n=3). HCQ: hydroxychloroquine. 
 
 
On the other hand, regarding miR-885-5p expression, it was markedly upregulated only 

when thalidomide was added in keratinocytes (2.3-fold, p<0.01). (Fig 21). mir-139 was not 

further assessed as no significant changes were observed in skin from responder patients 

treated with thalidomide.   
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Figure 21. miR-885-5p expression before and after thalidomide treatment in keratinocytes (n=3). 
HCQ: hydroxychloroquine. 
 

Taking together, the expression keratinocyte derived miRNAs miR-31 and miR-885-5p 

was modulated by thalidomide addition in skin from responder treated patients and in 

keratinocytes in vitro. Both microRNAs are involved in NF-κB signaling regulation, 

therefore thalidomide markedly modulates keratinocyte dependent NF-κB microRNAs.  
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5. Discussion 
 
The pathogenesis of CLE is not fully understood, and it is likely to be multifactorial. 

Although it is known that there is a genetic predisposition, environmental triggers and 

abnormalities in the immune response, large gaps in knowledge remain regarding the 

exact causes, mechanisms and biological interactions leading to the development of the 

autoimmune attack to the skin. What is clear is the increasing evidence that demonstrates 

keratinocytes to play an important role in the pathogenesis of CLE [247, 248]. These cells 

after stimulation in an inflammatory environment or after UV are able to release 

inflammatory cytokines IFNs, TNFα, IL-1, IL-6, IL-8, IL-10 and IL-17 which are important 

for initiation, development and perpetuation of CLE [249].  

 

The fact that the mechanisms involved in CLE pathogenesis are not well known, implies 

that therapeutic options for this condition do not include approved specific drugs and most 

of the time, treatments need to be empirically determined for individual patients. Currently, 

approximately 40% of patients will be refractory to conventional therapy with antimalarials 

and topical corticosteroids. For these patients, there is not a clear treatment algorithm and 

treatment is based in a trial error, except by the use of thalidomide that has been proved 

highly effective in CLE. Despite its proven efficacy its use is restricted due to its significant 

side effects and by the lack of randomised controlled trials. Therefore, an enhanced 

understanding of the molecular and genetic basis of the disease as well as thalidomide 

mechanism of action in CLE is a requirement to improve the search for novel therapeutic 

targets.  

 

It is known that miRNAs are implicated in various cellular processes of both normal and 

diseased skin. Some miRNAs appear to be consistently deregulated in several different 

inflammatory skin diseases, including psoriasis and atopic dermatitis, indicating a common 

role in fundamental biological processes [115]. The clinical implications of miRNAs are 

intriguing, there is emerging evidence for their clinical potential as both biomarkers and 

possible therapeutic targets in skin diseases. When we started this thesis, the role of 

microRNAs in CLE was completely unexplored.   

 

This thesis consisted of three different chapters that involved identifying a miRNA profile 

in CLE and studying its role in the pathogenesis, exploring the mechanism of action of 

thalidomide in CLE with the aim of identifying novel therapeutic targets and finally, how 

this identified miRNA profile was modified by treatment.  Each chapter is associated to 

specific objectives. 
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This is the first study to report a miRNA profile characteristic of DLE and CLE (paper I).   

 

Although DLE and SCLE subtypes share histological similarities, clinically they differ in 

their course and prognosis, suggesting a different pathogenesis [54, 140]. The previous 

microarray study from our group identified a distinctive T-cell and a fibrotic TGF-β–

dependent signature in lesional DLE [178]. Similarly, in this study we found DLE-affected 

skin to have a specific differential microRNA expression profile compared with SCLE-

affected skin, with a predominant overexpression of miR-31 in keratinocytes and miR-485-

3p in PMBCs and dermal fibroblasts. 

 

miR-31 has been widely studied and it is known to participate in several cellular processes 

such as embryonic development, myogenesis, bone homeostasis or cancer [250].  In 

cutaneous conditions is associated with activated keratinocytes such as psoriasis, non-

melanoma skin cancer and hair follicle growth [251]. Amongst the different functions , miR-

31 plays a role in  restoring epidermal homeostasis,  promoting keratinocyte proliferation, 

apoptosis, differentiation as well as and contributing to skin inflammation [252, 253]. 

 
We showed miR-31 to be also upregulated in DLE lesional skin, specifically in the 

epidermis. Using primary DLE keratinocytes, we identified in vitro TGFβ-1, like in 

Psoriasis, but also UVB radiation as the main regulators of miR-31 expression. Ultraviolet 

(UV) light, particularly UVB (290–320 nm) plays an important role in the initiation, 

development, and perpetuation of CLE. Exposure to UV light is one of the major factors 

known to trigger cutaneous disease activity in patients, with photosensitivity ranging from 

27-100% according to the clinical subtypes of CLE. UVB promotes development of 

cutaneous lesions by triggering keratinocyte apoptosis, increasing the transport of 

nucleoprotein autoantigens to the keratinocyte cell surface, lymphocytic recruitment, and 

antibody-mediated cytotoxicity.  

 

The specific miR-31 overexpression induced keratinocyte apoptosis in a capsase-3–

dependent pathway and by regulating the BIM/BAX axis. However, we did not observe 

any effect on keratinocyte proliferation. We also showed that miR-31 contributed to skin 

inflammation by regulating in DLE and SCLE primary keratinocytes the production of 

inflammatory mediators via NF-κB signaling.  As described previously in psoriasis, we 

confirmed that miR-31 overexpression in vitro can lead to the increased NF-κB activity, 

partially  via targeting STK40 and PPP6C, negative regulators of the pathway [254], 

following TGF-β1 and UVB radiation stimulation in CLE. Our data together with those 

described in psoriasis [254, 255], show miR-31 as one of the key regulators in both 
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conditions, with a common role in the development and maintenance of the inflammatory 

skin process. 

 

miR-31 was also shown to play a role in leukocyte chemotaxis. Following stimulation, 

miR31 transfected primary a keratinocytes expressed CXCL1, CXCL5, and CXCL8/IL-8, 

a neutrophil chemotactic factor but no adhesion molecules, such as ICAM-1, VCAM-1, and 

E- selectin [XU 256]. These chemokines are chemoattractants for multiple subsets of 

leukocytes, especially neutrophil granulocytes, by binding to the cognate receptors 

CXCR1 and CXCR2 [257].  By performing cross talking studies between miR31 

transfected epidermal keratinocytes and PBMCs we showed an increased recruitment of 

neutrophils, and intermediate and non-classical monocytes.  

 

DLE lesions are histologically characterized by a strong lymphocytic infiltrate, but 

neutrophil infiltration is hardly seen [54]. However, previous studies in non-lesional skin 

from photosensitive SLE patients showed the existence of progressive neutrophil influx at 

early stages following irradiation [258]. It is possible that the reason for not observing many 

neutrophils in the skin biopsies is because these are usually performed after a 

considerable time following the onset of the disease. Neutrophils play a role in CLE 

pathogenesis as they participate in the formation of neutrophil extracellular traps that may 

increase autoantigen presentation and the production of inflammatory signals [143]. Data 

suggests that miR31 is involved in the crosstalk between keratinocytes and immune cells, 

contributing to the recruitment and amplification of the immune response in CLE.  

 

The analysis of cultured PBMCs with the supernatant resultant from overexpressing miR-

31 in keratinocytes showed that miR31 also contributed to perpetuate skin inflammation 

by promoting a swift towards a Th1 response with an increase of Th1 transcription factor 

T-BET over GATA-3 (Th1/Th2 ratio) [259]. In addition, we observed an increased 

expression of FoxP3. Whereas the number of FoxP3+ Tregs in CLE has been found 

significantly reduced compared with other chronic inflammatory diseases but no different 

amongst CLE subtypes by Franz et al. [151, 260],  our previous work showed DLE skin 

lesions to have an increased number of regulatory T cells [178]. Increased Treg expression 

might be the result of a regulatory mechanism to control an excessive inflammation or due 

to an impaired immune suppressive capacity that contributes to the perpetuation of 

inflammation. Their functionality and contribution in CLE remain to be explored.  
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miR-485-3p was also differentially expressed in DLE and found to be mainly upregulated 

in infiltrating lymphocytes and fibroblasts. MiR-485-3p has been described in cancer and 

neurological diseases and is able to modify memory CD4+ T cells in pancreatic cancer 

[261-263]. However, its role in skin is unknown. miR-485-5p contributed to DLE skin 

inflammation by activating T cells. Its overexpression in PMBCs produced an  activation 

of CD4+ and CD8+ T cells together with the an increase  T cell activation genes PI3K1, 

PKCO and NFKB1. Data showed that miR-485-3p contributed to DLE not only by 

activating T cells but also contributing to the development of fibrosis, a signature of DLE. 

miRNA-485-3p overexpression in fibroblasts induced an upregulation of fibrotic markers 

SMAD3, COL3A1 and TGFβR. We hypothesized that the fibrotic effect might be via 

peroxisome PPARGC1A, a negative regulator of fibrosis [264], since miR-485-3p targets 

this gene [265] and was downregulated in dermal fibroblasts overexpressing miR-485-3p.  
 
Taken together we showed that in DLE miR-31 and miR-485-3p are upregulated and 
contribute to DLE pathogenesis by initiating and perpetuating the inflammatory 
process and promoting skin damage. miR-31 promotes keratinocyte apoptosis, 
epidermal inflammation by promoting the NF- κB pathway and  increasing the 
immune recruitment of neutrophils and monocytes into the lesional DLE sites. miR-
485-3p contributes to DLE pathogenesis by promoting T cell activation and fibrosis 
(Fig 22).   

 
Figure 22. Role of microRNAs in the pathogenesis of DLE (miR-31 and miR-485-3p). 
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We next focused in the differentially expressed microRNAs in lesional CLE (including DLE 

and SCLE) when compared to non-lesional skin (Paper II: manuscript in revision).   

We found miR-885-5p to be downregulated in CLE epidermis. miR-885-5p was identified 

as a keratinocyte-specific miRNA and no differences in expression were found between 

DLE and SCLE subtypes, suggesting that miR-885-5p plays a role in common pathogenic 

pathways.  Its downregulation contributed to skin inflammation by increasing the 

production of inflammatory mediators, keratinocyte proliferation and attracting leukocytes. 

We identified PSMB5, a component of the 20S core proteasome complex involved in the 

proteolytic degradation of most intracellular proteins, as a novel target for miR-885-5p in 

keratinocytes and demonstrated that silencing PSMB5 reduces the NF-κB pathway 

activation and keratinocyte proliferation. Furthermore, we identified TRAF1, as another 

novel target of miR-885-5p in keratinocytes and demonstrated that silencing of TRAF1 can 

rescue the effect of miR-885-5p on leucocyte migration. Finally, our results suggest a 

model by which UVB and IFNɑ downregulate miR-885-5p in CLE keratinocytes leading to 

an activation of NF-κB pathway through increasing PSMB5 and TRAF1. In turn, the 

production of chemokines contributes to leukocyte attraction and skin inflammation. 

In our study we found UVB and IFNɑ to be strong regulators of miR-885-5p in 

keratinocytes in vitro. UVB was a regulator of miR-31 and miR-885-5p, both keratinocyte-

dependent miRNAs. Type I IFN signatures are increased in CLE lesions and contribute to 

its pathogenesis [266-268]. Data shows IFNκ is a key regulator of IFN responses in 

keratinocytes.	 In CLE, keratinocytes are primed by an abundance of IFNκ to generate 

robust responses to exogenous type I IFNs, setting up a feed forward loop which promotes 

exaggerated IFN responses and subsequent activation of the immune system [158].  

 

In pathological conditions, miR-885-5p expression has been reported to be dysregulated 

in several human cancer types, including liver, neuroblastoma and oncocytic follicular 

thyroid carcinoma [269-272]. miR-885-5p can supress cell proliferation, migration, 

invasion by regulating the cell cycle arrest, senescence and/or apoptosis [273]. However, 

its role in skin diseases, particularly in CLE, was unknown. Inhibition of mIR-885-5p 

promoted NF-κB and NF-κB-related cytokines and chemokines and contributed to some 

degree of epidermal proliferation. CLE is not an hyperproliferative disease, but DLE lesions 

show hyperkeratosis and atrophy, which reflect abnormal epidermal proliferation, 

combined with normal early differentiation and premature terminal differentiation of 

keratinocytes [274]. We did not find any effect on apoptosis. 
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Our findings show that miR-885-5p regulates the activity of NF-κB pathway in 

keratinocytes. Since activation NF-κB is controlled by proteolysis of its inhibitors (IκBs) via the 

ubiquitin-proteasome pathway we studied the mechanistic link between increased NF-κB 

activity and PSMB5 overexpression [243, 275-277]. IκBα expression levels decreased in 

anti-miR-885-5p transfected keratinocytes in vitro whereas NF-κB increased. Silencing 

PSMB5 rescued the effect observed with anti-885-5p, indicating that the activation of NF-

κB pathway observed in keratinocytes is PSMB5 dependent.  

 

Gene microarray in anti-miR-885-5p UVB keratinocytes revealed an increase of CCL5, 

CCL20, CXCL8 and S1007A. Inhibition of miR-885-5p in keratinocytes increased 

migration of leucocytes in vitro with co-culture experiments in a PSMB5-independent 

manner.  Study of the mechanisms involved in leucocyte migration in anti-miR-885-5p   

transfected keratinocytes identified TRAF1 as another target of miR-885-5p responsible 

of the regulation of migration. TRAF1 is member of the TNF receptor (TNFR) associated 

factor (TRAF) protein family [278,279].  TRAF1 is upregulated in skin and primary 

keratinocytes following UVB exposure [280].  When overexpressed in cells, TRAF1 protein 

regulates inflammation by directly interacting with TNF-R2, TRAF2, TRIF, IKK2, NIK and 

ASK1 [281]. Therefore, TRAF1 is able to regulate both canonical and non-canonical NF-

κB pathways as well as activation of the MAP kinases (JNK, p38, and ERK) to influence 

pro-inflammatory cytokine production and inflammatory responses [282]. Our results 

showed that silencing of TRAF1 decreases immune mediators and NFKB1. These data 

are in line with previous studies which reported that TRAF1 deficiency led to the inhibition 

of NF-κB-mediated inflammatory responses [283] and impairs attraction of lymphocytes, 

neutrophils, myeloid dendritic cells and monocyte recruitment [244, 284].  

 

Taken together we showed that in lesional CLE miR-885-p is downregulated, 
specifically in keratinocytes.  Low levels of miR-885-5p contribute to CLE 
pathogenesis by promoting epidermal proliferation, inflammation and secretion of 
inflammatory mediators and immune recruitment into the lesional sites through the 
modulation of two novel target genes of miR-885-5p:  PSMB5 and TRAF1  (Fig 23). 
  

Discussion 



 

 249 

 
Figure 23. Role of miR-885-5p in the pathogenesis of CLE. 

 
To date, during this period, only one study has also evaluated miRNAs in CLE. The study 

identified a downregulation of miR-150, miR-1246, and miR-21 in both CLE 

varieties compared to healthy donors. A difference from our study, they focused in finding 

differentially expressed miRNAs as circulating biomarkers in PBMCs to distinguish CLE 

patients and its subtypes but their possible participation in CLE pathogenesis was not 

demonstrated [285]. 

 

In the second chapter, the thalidomide effect in CLE has been explored and a putative 

mechanism of action has been proposed and validated.   

 

Thalidomide has been used extensively in multiple myeloma (MM) and its mechanism of 

action has been explored for this condition. In skin diseases thalidomide had been used 

in HIV associated aphthous ulceration, nodular prurigo, Behçet's disease, CLE, pyoderma 

gangrenosum, actinic prurigo, graft versus host disease, polymorphic light eruption, lichen 

planus, bullous pemphigoid and cutaneous sarcoidosis. In vitro studies using 

keratinocytes have shown that thalidomide enhances keratinocyte migration and 

proliferation [286] and inhibits the activation of Caspase-1 which is required for 
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unconventional protein secretion of proinflammatory cytokines such as IL-1  [287].    In 

view of our clinical experience showing thalidomide efficacy in CLE and due to the fact 

that we do not know the exact mechanism by which thalidomide acts in CLE, we conducted 

this study.  

 

Studies in MM have shown that IMiDs possess pleiotropic anti-myeloma properties 

including immune-modulation, anti-angiogenic, anti-inflammatory and anti-proliferative 

effects. IMiDs enhance the anti-MM immune activity by costimulating T and NK cells 

resulting in an increased production of Th1-type cytokines, IL-2 and IFNg [288, 289]. In 

CLE, we observed that thalidomide induced a reduction of cytotoxic CD8+ T cells, 

increased the number of tissue and circulating iNKT cells and promote Th2 helper 

responses. Cytotoxic CD8+ T cells (CTLs) contribute to the inflammatory infiltrate in CLE 

lesions. These cells express granzyme B, a serine protease which is able to prime cells 

for apoptosis by activating caspases, contributing to basal keratinocyte damage and 

inflammatory infiltration, especially at the dermo-epidermal junction. Granzyme B 

expression is associated with the observed infiltrate and positively correlates with 

expression of IFNα and damage extension [290]. Therefore, a reduction of cytotoxic T cell 

numbers in blood and skin of CLE patients after thalidomide will contribute to the 

amelioration of skin inflammation.  

 

Enhancement of iNKT cells in vitro and in vivo following iMiDs treatment has been 

described [291]. iNTK cells are a subset of unconventional T-cells which recognize the 

MHC class I-like CD1d protein with the expression of an invariant TCR chain (Vα24-Jα18) 

paired with a Vβ11 chain [292]. iNKTs have a broad spectrum of functionality and are able 

to promote or suppress inflammation. Whereas, iNKT cells participate in the pathogenesis 

of several skin inflammatory disorders producing IFNγ and IL-4 [293], that we did not find, 

they can also act as potent downregulators of CD8+ cytotoxic T cells [294]; they are 

implicated in skin would healing [295, 296] and they alleviate lupus dermatitis in an MRL-

lpr/lpr model [297]. The increment observed after thalidomide and after achieving clinical 

remission, supports the beneficial effect of these cells in CLE.  

 

Regarding Th subsets, IMiDs have also generated opposing data on Th modulation. While 

some reports show that they promote Th1 responses [298], others found that they 

switched from a Th1 to a Th2 response [299]. In our study, thalidomide induced a Th2 

response both in vivo and in vitro. The Th2-thalidomide induced response may contribute 

to skin repair as they are related to the expression of wound healing genes and growth 
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factors such as GF-1, Arg1 and others involved in tissue regeneration [300]. Therefore, in 

CLE, thalidomide may promote Th2 responses that contribute to skin repair. 

 
 
We further investigate the thalidomide MoA. After combining system biology approaches 

with CLE RNA-sequencing data we showed that thalidomide modulates CLE by targeting 

two CRL4CRBN-dependent pathways, downregulating IRF4 via IKZF1/3 and mTOR through 

regulation of AMPKa1. Within this approach, other drugs’ mechanism of action has been 

identified [301, 302].  

 

The expression of the primary target of thalidomide CRBN decreased following treatment 

both in the dermis and epidermis of CLE skin. CRBN functions as a substrate receptor for 

the cullin-4-containing E3 ubiquitin ligase complex CUL4–RBX1–DDB1 (CRL4A) and is 

responsible for the recruitment of substrates for degradation by the ubiquitin-proteasome 

pathway [303]. IMiDs bind to CRBN and alter the substrate specificity of CRL4-CRBN 

complex blocking the degradation of proteins involved in angiogenesis, tumour activity and 

inflammation [304, 305], but also inducing teratogenicity [306]. We found in active CLE 

lesions an increased expression of IRF4 in the dermis and mTOR in the epidermis. IRF4 

and mTOR expression has been found in other inflammatory skin conditions like psoriasis 

vulgaris, acne, atopic dermatitis, and hidradenitis suppurative [307]. Further in vitro 

experiments confirmed the effect of thalidomide through the two different signaling 

pathways, that was different according to the skin cell type. Thalidomide reduced IRF4 

signaling in lymphocytes whereas the effect on mTOR was observed in keratinocytes. 

 

IRF4 is a member of the IRF family that is a group of transcription factors related to the 

regulation of gene expression and the immune response [308]. IRF4 is expressed in 

immune cells and plays pivotal roles in the immune response. Its dysregulation has been 

described in rheumatoid arthritis and SLE, being associated with disease initiation and 

progression [309]. IMiDs inhibit IRF4 expression at transcriptional level, mainly via 

downregulation of IKZF1/3 transcription factors [310]. We showed that thalidomide 

modulates IRF4 in PMBCs in vitro and contributes to the resolution of inflammation by 

reducing the expression of NF-κB and its dependent cytokines and chemokines IL-1β, IL-

8, TNFɑ and CCL3. This data agrees with previous reports that describe that IRF4 

inhibition downregulated inflammation by the downregulation of NF-κB activation in 

inflammation [311]. 
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The other pathway by which thalidomide acts is the mTOR/AMPK signaling pathway. 

AMP-activated protein kinase (AMPK) is an important intracellular energy sensor and is 

activated by phosphorylation of threonine at position 172 (Thr 172) of the ɑ subunit [312].   

CRBN directly interacts with the catalytic α subunit of AMPK, reducing the phosphorylation 

of AMPKα1, downregulating the enzymatic activity of AMPK [313]. In addition, the AMPKα 

subunit and AMPKγ subunit are polyubiquitinated leading to their proteasomal degradation 

and AMPK downregulation  [314, 315]. Previous reports have shown that thalidomide 

markedly stimulates the activation of AMPK in vitro and in vivo [316, 317] and it reduced 

AMPK	polyubiquitination [318].  Accordingly, we demonstrated that thalidomide reduced 

the AMPKɑ1 ubiquitination in a CRBN-dependent manner and increased its expression. 

Consequently, we observed an increase of RPTOR phosphorylation and a reduction of 

mTOR. 

 

mTOR is a serine threonine kinase crucial in skin homeostasis and morphogenesis, 

especially in the regulation of keratinocyte differentiation and epidermal stratification [319]. 

mTOR pathway is involved in the pathogenesis of several dermatological conditions such 

as epithelial tumors, psoriasis, acne, wound healing and hidradenitis suppurativa [320].  

Our in vitro studies showed that treatment with thalidomide or simTOR significantly 

reduced keratinocyte-derived cytokines TGF-β, IL-1β, TNFɑ and CXCL1. In addition, we 

showed that  thalidomide addition and specific inhibition of mTOR decreased NF-κB 

expression in keratinocytes. The existence of a crosstalk between mTOR and NF-κB has 

been previously described in other cellular types. Dai et al. demonstrated that mTOR is 

upstream of NF-κB, and that silencing of mTOR inhibited NF-κB activation, leading to a 

reduction of inflammation in macrophages [321].  

 

Interactions between keratinocytes and mononuclear cells via cytokines and adhesion 

molecules are thought to play a crucial part in inflammatory skin diseases. We showed the 

ability of thalidomide-treated or siIRF4 PBMCs to reduce the expression of mTOR and 

related cytokines in keratinocytes in co-culture studies.  

 

Taken together, we demonstrated that thalidomide’s immunomodulatory anti- 
inflammatory effect in CLE comprises several mechanisms that include a reduction 
of predominantly CD8+ T cells, an increase of iNKT cells and a switch from Th1 to 
Th2 response. Furthermore, thalidomide reduced NF-ҡB related inflammatory 
cytokines and chemokines via the modulation of IRF4 and AMPK/mTOR-signaling 
pathways in a CRL4-CRBN dependent manner in immune and epidermal cells (Fig 24).  
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Figure 24. Thalidomide effects in CLE treated skin. 

Our work is the first to provide a mechanism of action for thalidomide in CLE. Only one 

study has examined its role in another dermatological condition, rosacea during this 

period. In rosacea, thalidomide is not indicated and only few case reports in recalcitrant 

cases had been reported [322]. In line with our results, Chen et al. [323]  showed that 

thalidomide ameliorates inflammation by suppressing NF-κB activation in vitro and in 

rosacea-like mouse model.   

In the 3rd Chapter, the expression of the miRNAs of interested have been analysed in  skin 

samples from CLE patients and in vitro in primary cells before and after receiving 

thalidomide.   
 

So far, our data converge to demonstrate a key role for NF-κB in the pathogenesis of CLE.  

 

The nuclear factor-kappa B (NF-κB) family of transcriptional regulators is essential for 

transcription of a variety of genes involved in the immune response, cell survival, 

proliferation, and differentiation [324]. The NF-κB activation pathways are classified as the 

canonical and non-canonical pathways, depending on whether activation involves IκB 

degradation or p100 processing [325]. In the canonical pathway, which is the predominant 

NF-κB signaling pathway, different stimuli, such as cytokines, growth factors, mitogens, 

microbial components, and stress agents, activate in the cells the IKK complex that is 
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composed of two catalytic subunits IKKα and IKKβ and a regulatory subunit NEMO (also 

known as IKKγ). Genetic experiments have demonstrated that IKKβ, but not IKKα, 

phosphorylates IκBα at two N-terminal serine residues. This signal-induced 

phosphorylation targets IκBα for polyubiquitination and subsequent degradation by the 

proteasome, thus releasing NF-κB to be translocated into the nucleus and be active  [326]. 

Whereas NF-κB activation occurs transiently during a normal immune response, it is 

chronically activated in the affected tissues of autoimmune diseases. A pathological action 

of NF-κB is the induction of proinflammatory cytokines and chemokines, which mediate 

the recruitment of immune cells and the establishment of inflammation [327].  

 

Since NF-κB is a key player in CLE pathogenesis its inhibition is an attractive approach as 

an anti-inflammatory therapy. Although NF-κB inhibition could be beneficial in treating 

inflammatory diseases, there are obvious questions regarding the balance between 

efficacy and safety since NF-κB function is also required for maintaining normal immune 

responses and cell survival. Accumulating studies suggest that global inhibition of NF-κB 

signalling may cause severe side effects.  Several categories of inhibitors have been 

developed to block different steps of NF-κB signalling: selective IKK inhibitors to block the 

catalytic activity of IKK and prevent IκBα phosphorylation,  proteasome inhibitors, such as 

Bortezomib which blocks PSMB5 and posterior IκBα degradation in the proteasome, 

inhibitors that block nuclear translocation of different NF-κB subunits, such as tacrolimus 

(FK-506) and IκBα super-repressor and drugs that inhibit the DNA-binding activity of NF-

κB, such as glucocorticoids [328]. However, while significant progress has been made in 

designing approaches to inhibit NF-κB, complexities exist for the development of clinically 

available NF-κB-based drugs. 

 

For these reason, new alternatives need to be explored. In that sense, miRNA therapeutics 

are the most recent of a range of RNA therapies that have emerged over the last 10-15 

years including short interfering RNA (siRNA) and short hairpin RNA (shRNA). Many 

studies showed that modulating specific miRNAs had therapeutic effect on keratinocytes. 

Xu et al [329]. reported that downregulated miR-125b was involved in mediating the 

pathological proliferation and differentiation of keratinocytes in psoriasis, while the 

overexpression of miR-125b inhibited keratinocyte proliferation and promoted 

differentiation via inhibiting its direct target, FGFR2, in primary human keratinocytes. 

 

Our study showed that thalidomide could contribute to CLE resolution by modulating 

keratinocyte derived microRNAs, miR-31 and miR-885-5p, that in turn modulated the NF-

κB activity. The modulation of microRNAs by thalidomide has only been previously 
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investigated by Zheng et al. in which they focused in evaluating the microRNA signatures 

of paraquat induced lung injury in a rat model. Similarly, they found that that there was a 

modulation of one microRNA that had protective functions by inhibiting NF-κB pathway. 

Into detail, thalidomide upregulated miR-141 which suppressed inflammation through 

IκBα-NF-κB axis [330]. We observed that hydroxychloroquine modified miR-31 and 

moderately miR-485-3p miRNAs. The fact that thalidomide modified markedly 

simultaneously the two highly dysregulated miR-31 and miR-885-5p could explain its high 

efficacy. These preliminary data show that another way to modify NF-κB would be through 

direct modulation of miRNAs relevant to the disease.  

 

 

Limitations 
One of the limitations is that most of the results were obtained by in vitro experiments.  In 

vitro experiments present some advantages as control of chemical and physical 

environment and reduction of environmental variability [331].  However, isolated and 

cultivated primary cells could differ from the corresponding cell type in an organism, 

limiting the value of in vitro data to predict in vivo behavior.  The skin is an organ that has 

several cell types that coexist and communicate in the environment. We attempted to 

overcome this limitation with co-culture experiments in order to  analyze the interaction 

between epidermal and immune cells [332].  Co-cultures provide a more representative 

human in vivo-like tissue model than animal models, however low complexity was 

achieved with only two populations settled up in our experiments.  

 

This limitation in the future could be overcome for example, by using in vivo experimental 

models, using a more complex in vitro system such as a skin 3D equivalent models which 

permit to construct the epidermal and dermal layers and also the addition of immune cells, 

or using skin organoids which may be derived from pluripotent stem cells and present the 

complexity of native skin [333].  

 

The second limitation is in the thalidomide-miRNA relationship studied in chapter 3, the 

therapeutic group in which we measured microRNAs is a small sample as a pilot study. 

Further validation in a larger cohort is required to validate these results. For the same 

reason there is not enough data to use these miRNAs as a biomarkers of disease or 

response to therapy.  
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Novel Research Lines 
As a result of the data obtained in this thesis, next steps and new research lines have 

emerged.  We propose: 

 

1. Investigate the potential of the discovered miRNAs as biomarkers. MicroRNAs 

applicability as biomarkers has been explored, especially in cancer.  MiRNAs meet 

most of the required criteria for being an ideal biomarker, such as accessibility, 

high specificity, and sensitivity [334], although its applicability in the clinical practice 

might be difficult because of their fragility and instability overtime. They can be 

used as biomarkers for differential diagnosis, disease severity/prognosis 

assessment, and to monitor treatment response. Validation in a larger cohort of 

patients is required and to establish correlations with parameters of disease activity 

and severity such as CLASI index, laboratory or co-morbidities.  

 

2. Evaluate the applicability of the identified miRNAs as therapeutics.  Several in vivo 

studies have been conducted to evaluate miRs as potential therapeutic agents in 

skin disorders [335, 336]. There are two strategies to use microRNAs as genetic 

modulators: miRNA inhibitors and miRNA mimics. miRNA inhibitors bind 

complementary to the endogenous mature miRNA molecules and as a result the 

interaction of the miRNA of interest with its target is prevented. Instead, miRNAs 

that are downregulated in disease may be replaced transiently by miRNA mimics 

which are chemically synthesized miRs, restoring miRNA expression levels to 

normal. In addition, to treat dermatological conditions, miRNA therapeutics can be 

topically administrated to avoid toxicity. If administered in nanoparticles, their 

degradation is prevented.  

 

3. Novel therapies for CLE based on NF-κB modulation: We have demonstrated the 

relevance of NF-κB in CLE via the miRNAs studies as well as by revealing the 

mechanism of action of thalidomide in CLE. Therefore, a NF-κB modulation may 

be a promising therapy for CLE (Fig 25). Selectively targeting specific NF-κB 

subunits or signaling components relevant to a particular disease might be of utility 

minimizing toxicity [337-339]. Topical application of an NF-κB inhibitor improved 

atopic dermatitis in NC/NgaTnd mice [340]. Therefore, further study of NF-κB 

signaling as novel a therapeutic target in CLE has emerged.   
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Figure 25. NF- κB signaling pathway a as novel strategy for CLE treatment. 
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6. Conclusions 
 
CLE is a chronic heterogenic autoimmune disease that affects the skin in which 

pathogenesis is not completely understood and no specific treatments have yet been 

developed.  

 

Within this thesis, the role of miRNAs has been examined in CLE and also in one of the 

most common subtype, DLE. MIcroRNAs may provide insights into disease pathogenesis 

deregulating cell signaling pathways. A microRNA signature in CLE lesional skin has been 

identified  and three microRNAs have been extensively studied. From this study it can be 

concluded the following: 

 

- Lesional skin from DLE patients presents a miRNA signature that differs from lesional 

SCLE.  

 

- mir-31 and miR-485-3p have been identified as the most upregulated miRNAs in DLE 

lesional skin. 

 

- miR-31 is found in epidermal keratinocytes in DLE lesional skin and its upregulation in 

DLE promotes keratinocyte apoptosis, epidermal inflammation by NF-κB upregulation and 

subsequent secretion of inflammatory effectors IL-8, IL-12, IL-1β and monocyte and 

neutrophil attraction to the DLE lesional sites.  

 

- miR-485-3p is found in immune infiltrates and fibroblasts in DLE lesional skin and its 

upregulation in DLE promotes T cell activation and fibrosis. 

 

- Lesional skin from CLE patients (DLE and SCLE) present differentially expressed 

miRNAs when compared with non-lesional skin from paired patients and miR-885-5p and 

miR-139-5p are downregulated.  

 

- miR-885-5p is downregulated in lesional CLE. From non-lesional skin we found this 

miRNA to be predominantly expressed in epidermal keratinocytes. Low levels promote 

epidermal inflammation by promoting NF-κB activation and epidermal proliferation via 

PSMB5. It also promotes immune cell recruitment to lesional sites via TRAF1 modulation. 

 

Regarding the treatment, thalidomide drug presents a high clinical efficacy around 90%  in 

refractory CLE however its use is restricted to its important side effects. Its mechanism of 
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action in dermatologic CLE condition was not previously explored. Within this thesis, a 

mechanism of action in CLE is proposed and validated by in vitro functional studies. It can 

be concluded that: 

 

- Thalidomide immunomodulatory properties in CLE are characterised by a reduction of 

CD8+ T cells, promotion of Th2 responses and an increase of iNKT cells in both blood and 

skin from CLE treated patients. 

 

- After RNA-sequencing and TMPS protocol analysis a putative thalidomide mechanism 

of action in CLE has been identified. It acts in CLE by modulating two CRBN-CRL4 

dependent pathways IRF4/NF-κB and mTOR/AMPK.  

 

- IRF4 expression was found in immune infiltrates of lesional CLE skin and decreases 

significantly after thalidomide treatment. Thalidomide ameliorated inflammation in PBMCs 

by modulating IRF4 and subsequent modulation of NF-κB and related inflammatory 

effectors. 

 

- mTOR  was found in CLE lesional epidermis and decreased after thalidomide whereas 

AMPKA1 was found increased after receiving the treatment. Thalidomide anti-

inflammatory effect in keratinocytes is mediated by mTOR modulation. In addition, there 

is a crosstalk of mTOR and NF-κB pathway that results in NFKB1 and related cytokines 

reduction. 

 

- Co-culture studies showed that modulation of IRF4 by thalidomide reduces inflammation 

in keratinocytes by reducing mTOR, increasing AMPKa1 and decreasing  NF-κB and 

related cytokines.  

 

- Thalidomide has an effect in NF-κB keratinocyte derived miRNAs modulation in CLE. It 

promotes a significant downregulation of miR-31 and  an upregulation of miR-885-5p in 

skin lesions from responder patients and in treated cells in vitro.  

 

- Both deregulated miRNAs miR-31 in DLE and miR-885-5p promote NF-κB activation. In 

addition thalidomide anti-inflammatory effect in CLE is mediated by a reduction of NF-κB 

signaling. Therefore  NF-κB seems to be a crucial signaling pathway in CLE and therapies 

addressed to inhibit this pathway may be beneficial for CLE treatment.  
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7. Annex 
 
Annex 1. CLASI (Cutaneous LE Disease Area and Severity Index) 
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Annex 2. miR-139-5p in situ hybridization in skin biopsies from CLE lesional and 
non-lesional skin (10x magnification). 
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Annex 3. Microscopy images bright field of immune migration experiments in anti-
miR-885p and siTRAF1 keratinocytes at 24h (20x magnification). 
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Annex 4. iNKT cells in CLE skin biopsy before and after thalidomide treatment (10x 
magnification). 
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