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ABSTRACT 

Background: Acne vulgaris is a disease of the pilosebaceous unit. 

Increased sebum lipogenesis by sebaceous gland is the major factor in the 

pathophysiology of acne. LXRα have been recognized in the regulation of 

genes involved in lipid biosynthesis. Activation of LXRα inhibits 

proliferation, increase lipogenesis and improve differentiation of 

sebocytes. 

Aim: To investigate the level of tissue expression of LXRα in 

inflammatory and non inflammatory acne lesions and in comparison with 

normal skin.   

Patients and methods: Seventeen patients with inflammatory and non 

inflammatory acne lesions and sixteen age and sex comparable healthy 

volunteers as control were included in the study. Punch skin biopsies 

were taken from the acne lesions and normal skin of the volunteers for 

detection of gene expression of LXRα by RT- PCR. 

Results: the level of LXRα was significantly higher in the lesional skin 

either inflammatory (with a mean of 1188.52 ± 129.5) or comedonal acne 

(with a mean of 892.52 ± 66.08) in a statistically significant manner than 

the controls (with a mean of 600.50 ± 95.30) where the P value was 

<0.001. In addition, the level of LXRα was significantly higher in 

inflammatory acne (with a mean of 1188.52 ± 129.5) in a statistically 

significant manner) than comedonal acne (with a mean of 892.52 ± 

66.08) where the P value was <0.001.   

Conclusion: the significant increase in the level of LXRα in acne lesions 

compared to controls suggesting that LXRα may have a role in the 

pathogenesis of acne vulgaris itself and is not a consequence of 

inflammation. In addition, it may play a role in the progression of the 
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disease from comedonal to inflammatory. Further studies are 

recommended to evaluate the therapeutic benefits of the use of LXRα 

antagonists as a new therapeutic modality for acne vulgaris. 

Keywords:

 

 Acne vulgaris, Pathogenesis, Liver x receptors (LXR), 

Polymerase chain reaction (PCR).     
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Introduction 

      Acne vulgaris is a disease of the pilosebaceous unit resulting from the 

interplay of different factors: seborrhea, P. acnes colonization, 

hyperkeratinization of the follicular duct and release of inflammatory 

mediators. Increased sebum lipogenesis by sebaceous gland is considered, 

among all features, the major one involved in the pathophysiology of 

acne. On average, acne subjects excrete more sebum than normal ones 

and secretion rates correlate well with the severity of clinical 

manifestations (Picardo et al, 2009). 

      It was thought that the primary change in the sebaceous follicle is the 

alteration in the pattern of keratinization within the follicle. Initial 

alteration is in the infrainfundibular portion where there is 

hyperproliferation. The keratin is also qualitatively altered as it tends to 

become densely packed along with monofilaments and lipid droplets 

(Gollnick et al, 2003). 

      Propionobacterium acnes colonises the follicular duct and 

proliferates, breaking down the sebum to triglycerides, irritants that 

contribute to the development of inflammation. When the follicular 

epithelium is invaded by lymphocytes it ruptures, releasing sebum, 

micro‐organisms, and keratin into the dermis. Neutrophils, 

lymphocytes, and foreign body giant cells accumulate and produce the 

erythematous papules, pustules, and nodular swelling characteristic of 

inflammatory acne (Ayer and Burrows, 2006). 

      Inflammation is the key component of acne and the major reason for 

its morbidity and sequelae (pigmentary disturbances and scarring). 

Inflammation, for a long time was believed to be a secondary process in 

the pathogenesis of acne. New data indicates that immunological events 
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led by perifollicular helper T-cells in genetically predisposed individuals 

may in fact be a primary process, initiating comedogenesis through 

elaboration of IL-1. Further; inflammation may upregulate sebum 

production through production of inflammatory mediator leukotriene B4 

that binds to receptors on the sebocytes (Kubba et al, 2009). 

      It was indicated that sebocytes, as major components of pilosebaceous 

unit, may act as immune cells and may be activated by P. acnes that 

recognize altered lipid content in sebum, followed by the production of 

inflammatory cytokines (Knor, 2005). 

      Liver X-receptor (LXR) is a member of the nuclear receptor family of 

transcription factors and closely related to nuclear receptors such as 

peroxisome proliferator-activated receptors (PPAR), retinoid X receptors 

(Rxr). Two isoforms are present LXRα and LXRβ (Willy et al, 1995). 

      LXRα have been widely recognized in the regulation of genes 

involved in innate immunity, inflammation and lipid biosynthesis, 

whereas LXRβ have been shown to be involved in keratinocyte 

differentiation and epidermal permeability barrier function (Gupta et al, 

2010). 

      Activation of LXRs stimulates keratinocyte differentiation and 

improves permeability barrier homeostasis by a number of mechanisms, 

including stimulating epidermal lipid synthesis, increasing lamellar body 

formation and secretion, and increasing the activity of enzymes required 

for the extracellular processing of lipids in the stratum corneum, leading 

to the formation of lamellar membranes that mediate permeability barrier 

function (Schmuth et al, 2008). 

      Differentiation of sebocytes is strongly associated with enhanced lipid 

synthesis and accumulation in the cells. Sebocytes express LXRα, the 
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application of natural 22(R)-hydroxycholesterol or synthetic ligands of 

LXRα significantly inhibit proliferation, increase lipogenesis and 

improve differentiation of sebocytes (Hong et al, 2008).  

 

    Based on these findings, the aim of this study was to investigate the 

level of tissue expression of LXRα in inflammatory versus non 

inflammatory acne lesions and in comparison with normal skin. 

Suggesting that LXRα could be one of the most important therapeutic 

targets for the treatment of acne. Thus, it would be advantageous to 

develop selective LXR antagonists to regulate sebaceous lipogenesis and 

inflammation.  

Aim of the work: 
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UChapter One 

UAcne Vulgaris 

UDefinition: 

Acne is a term derived from the Greek word “acme” in which the 

Greeks used this word to mean a point or a spot on the face. In the sixth 

century AD the term “acne” was first used by the emperor Justinian’s 

physician, Aetius Amidenus who translated it from Greek into Latin, and 

through these translations confusion arose regarding its original meaning 

(Goolamali and Andison, 1977). 

Acne is a chronic disease of the pilosebaceous follicle that causes 

polymorph cutaneous lesions, among them comedones (as a primary 

lesion), papules, cysts, pustules, and abscesses, which after regression 

may leave scars (Degitz et al, 2007). 

The face, anterior trunk, and upper back are the most commonly 

affected areas due to their greater concentration of sebaceous glands in 

these areas It is characterized by periods of exacerbation alternated with 

periods of stability (Ramos-e-Silva and Carneiro 2009). 

 

UEpidemiology: 

Acne is one of the most prevalent skin conditions, affecting more than 

85% of teenagers. It is typically thought as a disease of youth but, 12% of 

women and 3% of men will continue to have clinical acne until 44 years of age. 

Caucasian boys and men have been shown to have more severe nodulocystic 

disease than do their black counterparts (Goulden et al, 1999). 
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Acne is an easily treatable cause of disfigurement and 

psychological morbidity. It affects more than 80% of people at 

some point in their life. Morbidity can be high and associated 

with disfigurement, pain, loss of confidence, and impairment of 

normal social and workplace function, with documented effects on 

quality of life including depression, dysmorphophobia, and even 

suicide (Purdy and De Berker, 2009). 

Genetic predisposition: 

The role of genetic predisposition in the development of acne is 

uncertain, but is decidedly multifactorial. It is well known that the 

number and size of sebaceous glands and their subsequent activity is 

inherited, in addition, the concordance rate for the prevalence and 

severity of acne among identical twins is extremely high. It is also widely 

held that acne, including nodulocystic acne runs in families, but because 

of the extremely high prevalence of acne, it is difficult to attribute its 

presence exclusively to genetic factors (Zaenglein and Thiboutot, 2008). 

Individuals at increased risk for the development of acne include 

those with an XYY chromosomal genotype or endocrine disorders such 

as polycystic ovarian syndrome, hyperandrogenism, hypercortisolism 

and precocious puberty. Patients with these conditions tend to have more 

severe acne that is unresponsive to standard therapy (Zaenglein and 

Thiboutot, 2008). 

UPathogenesis: 

The pathogenesis of acne vulgaris is multifactorial and involves four 

main pathways. These include the following: 

1) Excess sebum production. 

2) Abnormal keratinization of the follicles. 
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3) Propionibacterium acnes colonization. 

4) Inflammation of the follicle and surrounding dermis               

(Ebede et al, 2009). 

 

U1)Excess sebum production by androgen-mediated 

stimulation of sebaceous glands: 

The pilosebaceous unit has four distinct components: the hair follicle, 

the keratinized follicular infundibulum, the sebaceous gland, and the 

sebaceous duct that connects the gland to the infundibulum. The number, 

size, and activity of sebaceous glands may be inherited. Although the 

number of sebaceous glands remains stable throughout life, the size 

increases with age (Clarke et al, 2007). 

The principal activity of mature sebaceous glands is producing and 

secreting sebum, which is a complex mixture of lipids. Sebum discharge 

represents a major step in the final stages of differentiation of sebaceous 

specialized cells, namely sebocytes, and it is the result of accumulation of 

cytoplasmic lipid droplets and subsequent cell disintegration and release 

of their content into the follicle. Among the functions attributed to sebum 

in humans are photoprotection, antimicrobial activity, delivery of fat-

soluble anti-oxidants to the skin surface and pro- and anti-inflammatory 

activity exerted by specific lipids (Zouboulis et al, 2008). 

 

Human sebum consists of squalene, esters of glycerol, wax and 

cholesterol, as well as free cholesterol and fatty acids. Triglycerides and 

fatty acids, taken together, account for the predominant proportion 

(57.5%), followed by wax esters (26%) and squalene (12%). The least 

abundant lipid in sebum is cholesterol, which with its esters, accounts for 
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the 4.5% of total lipids. The most characteristic products of sebaceous 

secretion are squalene and wax esters, they are unique to sebum and not 

found anywhere else in the body, even among the epidermal surface 

lipids. Moreover, they correspond to major components supplying the 

skin with protection (Greene et al, 1970; Smith and Thiboutot, 2008). 

Increased sebum secretion is considered among all features, the major 

one involved in the pathophysiology of acne. Acne subjects excrete more 

sebum than normal ones and secretion rates correlate well with the 

severity of clinical manifestations (Cunliffe, 1989). 

Androgens stimulate sebum production, which begins at adrenarche, 

when there is increased production of serum dehydroepiandrosterone 

sulphate (DHEAS). The skin like other steroidogenic organs can 

synthesize androgens de novo from cholesterol or by locally converting 

weaker androgens to the more potent ones. Although serum androgen 

levels correlate to the severity of acne, yet acne can occur in people with 

normal serum androgen levels (Thiboutot et al, 1999; Chen et al, 2002). 

The pilosebaceous unit contains the steroid metabolizing enzyme 

(steroid sulphatase) that convert DHEAS to testosterone and 

dihydrotestosterone. Steroid sulphatase is widely distributed in human 

tissues; it is present in the lesional skin of acne patients, but not in the 

unaffected skin (Zaidi 2009).  

The enzyme converts DHEAS to DHEA. The enzyme 3β-hydroxy 

steroid dehydrogenase (3β-HSD), acts on DHEA and converts it into 

androstanedione. The conversion may take place in the adrenal glands 

and tissues such as sebaceous glands. There are two forms of 3β-HSD; 

type 1 isoenzyme is active in the skin and type 11 in the adrenal glands 

and gonads (Thiboutot et al, 2000). 
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Figure (1): Steroid hormone metabolism (Tobechi et al, 2009). 

 

The main influence of androgen on acne pathogenesis concerns the 

proliferation and differentiation of sebocytes and infrainfundibular 

keratinocytes: (Kurokawa et al, 2009). 

A. Sebocyte proliferation: By the stimulatory effect of testosterone and   

5α dihydrotestosterone (DHT) on sebocyte proliferation. In cultured 

sebocytes, testosterone and DHT may show a stimulatory effect on 

cell proliferation. Androgens are effective on human sebocytes in 

vitro in concentrations above the physiological ones. 

B. Sebocyte differentiation and lipogenesis: In the sebaceous gland, 

testosterone and DHT at nearly physiological concentrations 
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demonstrated no effect or inhibitory effect on cell division rates and 

lipogenesis.  In cultured sebocytes, the combination of testosterone 

and linoleic acid exhibited a synergistic effect on sebaceous lipids.  

C. Comedogenesis: Formation of microcomedones is caused by                                                                                                                                        

hyperproliferation and hyperkeratinization of the infrainfundibulum 

part of the follicular canal. It remains to be determined if higher 

activity of the type I 5α reductase detected in the follicular 

infrainfundibulum is related to the abnormal differentiation of 

keratinocytes in acne.  

The primary change in the sebaceous follicle is the alteration in the 

pattern of keratinization within the follicle. Initial alteration is in the 

infrainfundibular portion where there is hyperproliferation. The keratin is 

also qualitatively altered as it tends to become densely packed along with 

monofilaments and lipid droplets (Gollnick et al, 2003). 

2) Abnormal keratinization of the follicles: 

Comedogenesis occurs when abnormally desquamated corneocytes 

accumulate in the sebaceous follicle and form a keratinous plug. When 

the keratinous plug enlarges below a very small follicular pore at the skin 

surface, it becomes visible as a closed comedone (whitehead). An open 

comedone (blackhead) occurs if the follicular pore dilates. The small pore 

closed comedones are the precursors of inflammatory lesions; they are the 

most frequent noninflamed clinical lesions and outnumber open 

comedones four times (Kubba et al, 2009). 

Immunohistochemical studies have shown an increase in the 

proliferation rate of the basal keratinocytes and abnormal differentiation 

of the follicular keratinocytes in the follicle wall of microcomedones and 

comedones. These abnormalities may possibly be due to a relative 

decrease in sebaceous linoleic acid. Follicular hyperproliferation is also 
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associated with abnormal lipid inclusions (indicating abnormal 

differentiation) (Thielitz et al, 2001). 

High levels of biologically active interleukin-1α (IL-1α) have been 

detected in comedones, believed to be expressed by follicular 

keratinocytes and triggered by changes in sebum composition and 

secretion. IL- 1α may compromise follicular barrier thus inducing 

inflammation (Kubba et al, 2009). 

 

Figure (2): The acnegenic cascade: interactions among the numerous hormones, growth 

factors, enzymes and their targets (Kurokawa et al, 2009). 

 

3) 

Propionibacterium acnes, has been implicated in the pathogenesis of 

acne for more than 100 years, it was involved in acne pathogenesis in the 

early 1960s, when a study showed that P. acne also resides on healthy 

human skin and that the surface concentrations of   P. acne were similar 

in both patients with acne and controls. Also, it was found that numbers 

of viable P. acne within follicles did not correlate with the severity of 

Propionibacterium acnes colonization: 
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inflammation and some inflamed lesions did not contain viable bacteria 

(Dessinioti and Katsambas 2010). 

Further evidence to support the hypothesis that microorganisms are 

involved in acne was provided when antibiotics that reduced skin surface 

P. acne (such as erythromycin and clindamycin) were shown clinically to 

improve acne and when the presence of resistant  P. acnes strains was 

associated with reduced efficacy of these treatments (Ross et al, 2003). 

Colonization of the pilosebaceous follicle by P. acnes is a major 

factor for the inflammatory reaction in acne vulgaris. There are several 

mechanisms by which P. acnes may lead to the disruption of the 

follicular epithelium and subsequent inflammatory reaction: 

• P. acnes acnes can result in the production of the proinflammatory 

cytokines such as tumor necrosis factor-α (TNF-α), interleukin (IL)-1α, 

and IL-8. P. acnes contribute to the inflammatory stage of acne by 

inducing monocytes to secrete these proinflammatory cytokines (Jeremy 

et al, 2003).  

Interleukin 1α (IL-1α) causes hypercornification of the infundibulum 

of isolated pilosebaceous follicles, which is one of the processes involved 

in comedone formation, TNF-α is involved in the maturation and 

migration of Langerhans cells from the skin and the presentation of 

antigen in the local lymph node while IL-8 attracts neutrophils to the 

pilosebaceous unit, and release of lysosomal enzymes by neutrophils 

leads to rupture of follicular epithelium and further inflammation 

(Dessinioti and Katsambas 2010). 

• Inflammation triggered through the toll-like receptor 2 (TLR2) is 

important in the pathogenesis of acne, and P. acnes trigger inflammatory 

cytokine responses in acne by activation of TLR2. TLR2 is expressed on 
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the cell surface of macrophages surrounding pilosebaceous follicles in 

acne lesions (Kim et al, 2002; Heymann 2006). 

4) 

Inflammation is the key component of acne and the major reason for 

its morbidity and sequelae (pigmentary disturbances and scarring). 

Inflammation, for a long time was believed to be a secondary process in 

the pathogenesis of acne. New data indicates that immunological events 

led by perifollicular helper T-cells in genetically predisposed individuals 

may in fact be a primary process, initiating comedogenesis through 

elaboration of IL-1.Further; inflammation may upregulate sebum 

production through production of inflammatory mediator leukotriene B4 

that binds to receptors on the sebocytes (Kubba et al, 2009). 

Inflammation of the follicle and surrounding dermis: 

Propionobacterium acnes colonises the follicular duct and 

proliferates, breaking down the sebum to triglycerides, which are irritants 

that contribute to the development of inflammation. When the follicular 

epithelium is invaded by lymphocytes it ruptures, releasing sebum, 

micro‐organisms, and keratin into the dermis. Neutrophils, 

lymphocytes, and foreign body giant cells accumulate and produce the 

erythematous papules, pustules, and nodular swelling characteristic of 

inflammatory acne (Ayer and Burrows, 2006). 
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Acne is most often a polymorphic disease with two main patterns of 

disease. The first pattern is that of essentially noninflammatory disease, 

which tends to be an early phase often seen in the peri-pubertal age group 

where there is increased oil production on the face, chest, back and 

shoulders. The second clinical pattern is that of inflammatory disease, 

which may leads to more scarring. This may include papules, pustules, 

nodules and cysts and any combination of them (Goodman 2006). 

Clinical Picture of Acne Vulgaris 

In most cases it is not difficult to diagnose acne but history and 

physical examination are keys to know if there is a cause of acne and to 

organize an appropriate and maximally effective treatment plan. The 

physician should ask about history of previous medications used for acne 

or other conditions. A review of cosmetics and sunscreens is also helpful. 

In female patients, a menstrual and oral contraceptive history is important 

in determining hormonal influences on acne (Zaenglein and Thiboutot, 

2008). 

The inflammatory lesions of acne originate with comedo formation 

but then expand to form papules, pustules, nodules and cysts of varying 

severity. Erythematous papules range from 1 to 5 mm in diameter. 

Pustules tend to be approximately equal in size and are filled with pus. As 

the severity of lesions progresses, nodules form and become markedly 

inflamed, indurated and tender. The cysts of acne are deeper and filled 

with a combination of pus and serosanginous fluid (Zaenglein and 

Thiboutot 2008). 
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1-Acne vulgaris: 

Clinical Types of acne 

Acne vulgaris is the common type of acne which occurs during 

puberty and affects the seborrhic areas of the face, back and chest. 

Patients with acne often complain of excessive greasiness of the skin with 

blackheads developing. These may be associated with inflammatory 

papules and pustules developing into larger cysts and nodules (Buxton, 

1999). 

2-Acne fulminans: 

Acne fulminans is the most severe form of cystic acne characterized 

by abrupt onset of nodular and suppurative acne with variable systemic 

manifestations. These lesions become markedly inflamed and coalesce 

into painful and oozing friables plaque with hemorraghic crusts. The 

face,neck,chest,back and arms are all affected. The ulcerated lesions can 

lead to significant scarring (Placzek et al, 1999). 

Osteolytic bone lesions may accompany the cutaneous findings: the 

clavicle and sternum are most commonly affected, followed by the 

ankles, humerus and iliosacral joints. Laboratory abnormalities are 

variable include elevated ESR, proteinuria, leukocytosis and/or anemia. 

They are not helpful in establishing the diagnosis but may be predictive 

for therapeutic response (Zaenglein and Thiboutot, 2008). 

3- Acne Conglobata: 

A severe eruptive form of nodulocystic acne without systemic 

manifestations where lesions are part of the follicular occlusion tetrad, 

along with dissecting cellulitis of the scalp, hidradenitis suppurativa and 

pilonidal cysts. The association of sterile pyogenic arthritis,pyoderma 
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gangrenosum and acne (PAPA syndrome) is part of a related group of 

inflammatory disorders that includes inflammatory bowel disease,uveitis 

and psoriases (Wise et al, 2002).  

4-Acne mechanica: 

It occurs secondary to repeated mechanical and frictional obstruction 

of the pilosebaceous outlet.Well described mechanical factors include 

rubbing by helmets, chin straps, suspenders and collars. A classic 

example of acne mechanica is fiddler’s neck, where repetitive trauma 

from violin placement on the lateral neck results in a well defined 

lichenified, hyperpigmented plaque with scattered comedones (Zaenglein 

and Thiboutot, 2008). 

5-Drug induced acne: 

Acne lesions can be seen as a side effect of a number of medications 

including anabolic steroids (e.g. danazol, testosterone), corticosteroids, 

corticotrophin, phenytoin, lithium, iso-niazid, iodides, bromides and 

inhibitors of the epidermal growth factor receptor (EGFR). An abrupt, 

monomorphous eruption of inflammatory papules and pustules is often 

observed in drug induced acne (Buxton, 1999). 

Intravenous dexamethasone and high dose oral corticosteroids 

commonly induce characteristic acneiform eruptions with a concentration 

of lesions on the chest and back. Steroid induced acne can also result 

from the inappropriate use of topical corticosteroid on the face .Inflamed 

papules and pustules develop on a background of erythema. Lesions 

resolve with discontinuation of the corticosteroid, although steroid 

dependency can lead to prolonged and severe flares post withdrawal 

(Zaenglein and Thiboutot, 2008). 
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6-Acne excoriee: 

Acne excoriee, a neurotic (psychogenic) excoriation which occurs 

mostly in women, as a result of excessive scratching, picking or 

squeezing of the skin using teeth, tweezers, nail files, pins and knives. 

The lesions are usually found on face and also on upper limbs and upper 

back, areas patients can easily reach. They may occur in absence or in 

response to skin pathology or sensation of itching (Sharma 2008). 

7-Neonatal acne: 

It occurs in more than 20% of healthy newborns. Lesions appear at 2 

weeks of age and generally resolve within the first 3 months. Typically 

small inflamed papules arise on the cheeks and across the nasal bridge 

(Zaenglein and Thiboutot, 2008). 

8- Infantile acne: 

If acne presents at 3-6 months of age, it is classified as infantile acne. 

Clinically, comedo formation is much more prominent than in the 

neonatal form and may lead to pitted scarring. Infantile acne is due to 

high androgens of adrenal origin in girls and of adrenal and testes in boys 

(Herane and Ando 2003). 

 

9-Tropical acne: 

Tropical acne is an acne form, follicular eruption that results from 

exposure to extreme heat. Clinically; markedly inflamed nodulocystic 

acne involving the trunk and buttocks is frequently seen and secondary 

staph infection may complicate the picture (Zaenglein and Thiboutot, 

2008). 

10-Radiation acne: 
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Radiation acne is characterized by comedo-like papules occurring at 

sites of previous exposure to therapeutic ionizing radiation (e.g. external 

beam). The lesions begin to appear as the acute phase of radiation 

dermatitis begins to resolve. The ionizing rays induce epithelial 

metaplasia within the follicle, creating stubbornly adherent hyperkeratotic 

plugs that are resistant to expression (Zaenglein and Thiboutot, 2008). 

11-Occupational acne: 

Tars, oils and oily cosmetics can cause or exacerbate acne.             

Chloracne is a term used to define occupational acne caused by 

chlorinated aromatic hydrocarbons, the malar, retroauricular and 

mandibular regions as well as the axillae and scrotum are most commonly 

affected by small cystic papules and nodules. The extremities, buttocks 

and trunk are variably involved. Cystic lesions can heal with scarring and 

recurrent outbreaks can occur for many years following exposure 

(Zaenglein and Thiboutot, 2008). 
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Acne is driven by hormones and growth factors [particularly insulin-

like growth factor (IGF-1)] acting on the sebaceous glands and the 

keratinocytes lining the pilary canal. Dairy products (foods produced 

from cow's or domestic buffalo's milk) contain 5α reduced steroid 

hormones and other steroid precursors of dihydrotestosterone (DHT) that 

drive sebaceous gland function, Drinking milk causes a direct rise in IGF-

1 through a disproportionate elevation in blood sugar and serum insulin 

levels. IGF-1 levels during teenage years closely parallel acne activity 

and are likely synergistic with the steroid hormones (Charakida et al, 

2007). 

Nutrition and Acne 

Acne can be improved by controlling hormones and inflammation, 

both of which are influenced by diet; so full acne control requires dietary 

control Concurrent with standard anti-acne therapy. Vitamin A 

supplementation may help reduce plugging of pores in deficient 

individuals. Foods containing omega-3 essential fatty acids (EFAs) and 

EFA supplements may help to control inflammation (Kurokawa et al, 

2009). 

 The basic morphology of acne (comedones, papules, pustules, and 

nodules) and the extent of involvement do not permit simple evaluation 

due to the number of variables involved. Because these acne lesions may 

vary in number during the natural course of the disease, various 

measurements have been developed, based on clinical examination and 

photographic documentation (Witkowski and Parish 2004). 

Scoring Systems in Acne 

Methods of measuring the severity of acne vulgaris include simple 

grading based on clinical examination, lesion counting, and those that 
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require complicated instruments such as photography, fluorescent 

photography, polarized light photography, video microscopy and 

measurement of sebum production. The two commonly used measures 

are grading and lesion counting (Adityan et al, 2009). 

Grading is a subjective method, which involves determining the 

severity of acne based on observing the dominant lesions, evaluating the 

presence or absence of inflammation, and estimating the extent of 

involvement. Lesion counting involves recording the number of each type 

of acne lesion and determining the overall severity (Witkowski and 

Parish 2004). 

                Comparison between grading and lesion counting 

Grading Lesion counting 

• Involves observing the dominant 

lesions and estimating the extent 

of involvement. 

• Subjective method 

• .Simple and quick method. 

• Less accurate. 

• Doesn't distinguish small 

differences in therapeutic 

response. 

• Effect of treatment on individual 

lesions can't be estimated. 

• Used in offices and clinical 

settings. 

• Involves recording the numbers of 

each type of acne lesion and 

determining the overall severity. 

• Objective method. 

• Time consuming method. 

• More accurate. 

• Distinguish small differences in 

therapeutic response. 

• Effect of treatment on individual 

lesions can be estimated. 

• Used in clinical trials. 

(Adityan et al, 2009). 
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Although acne vulgaris has plagued human kind since antiquity, the 

need for grading acne was felt when therapies available for treating acne 

increased in the 1950s. Probably, the first person to use a scoring system 

for acne vulgaris was Carmen Thomas of PhiladelPhia. She used lesion 

counting in her office in the 1930s (Witkowski and parish 1999). 

Several systems for grading the severity of acne were used 

previousely  in 1956 by Pillsbury, Shelley, and Kligman who published 

the earliest known grading system then changed in 1958 by James and 

Tisserand who provided an alternative grading scheme (Quoted from 

Witkowski and Parish 2004). 

Then in 1966, Witkowski and Simons initiated lesion counts for 

assessing the severity of acne vulgaris while in 1977, Michaelson, Juhlin, 

and Vahlquist counted the numbers of lesions on face, chest and back 

(Witkowski and Simons, 1966; Michaelson et al, 1977). 

In 1979, Cook, Centner, and Michaels evaluated the overall severity 

of acne on a 0-8 scale anchored to photographic standards that illustrate 

grades 0,2,4,6 and 8 while in 1984, Burke, Cunliffe, and Gibson 

presented the Leeds technique. They described two scoring systems. The 

first is an overall assessment of acne severity for use in routine clinic and 

the second, a counting system for detailed work in therapeutic trials 

(Quoted from Adityan et al, 2009). 

In 1996, Lucky et al, assessed the reliability of acne lesion counting 

(Lucky et al, 1999). 

In 1997, Doshi, Zaheer, and Stiller devised a global acne grading 

system (GAGS) (Doshi et al, 1997). 

But there is a simple grading system used by Indian authors which 

classify acne as: 
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• Grade 1: Comedones and occasional papules. 

• Grade 2: Papules, comedones and few pustules. 

• Grade 3: Predominant pustules, nodules and abscesses. 

• Grade 4: Mainly cysts, abscesses and widespread scarring.                                                     

(Tutakne and Chari 2003). 

In 2008, Hayashi et al, used standard photographs and lesion counting 

to classify acne into four groups. They classified acne based on the 

number of inflammatory eruptions on half of the face as 0-5 'mild'; 6-20 

'moderate', 21-50 'severe'; and more than 50 'very severe' (Hayashi et al, 

2008). 
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Management should comprise safe treatment, reduction of the 

psychological burden through emotional and social support, and 

clarifying popular misconceptions about the disease. Treatment should 

start as early as possible to minimise the risks of scarring or adverse 

psychological effects. It should be aimed at reducing non-inflammatory 

lesions that may be precursors to inflammatory lesions, improving 

existing inflammation, and decreasing the complications of acne. 

Treatment must be tailored to the individual patient, the type of acne, its 

severity, the patient’s ability to use the treatment, and their psychological 

state   

Management of Acne 

It is very important to emphasize to the patient from the outset that the 

treatment of acne is a long term affair. Advice on the use of cosmetics, 

moisturizers, sunscreens, and hair gels may be appropriate, as some 

formulations are greasy and could exacerbate existing acne or even cause 

acne-type lesions (Ayer and Burrows 2006). 

Treatment of mild acne 

Topical preparations are the mainstay therapy, and their main action 

is the prevention of new lesions. Their effect is slow and treatment should 

be maintained to prevent recurrence. Topical agents are active only where 

and when they are applied, and should therefore be applied daily to all 

areas of the skin prone to acne. Maintenance therapy is crucial to prevent 

recurrence. The topical agents available are benzoyl peroxide, antibiotics, 

azelaic acid, or retinoids (Cunliffe and Holland 1980; James, 2005). 

Benzoyl peroxide is bactericidal for Propionibacterium acne (P acne) 

and improves both inflammatory and non-inflammatory lesions. It is an 

oxidizing agent that works by introducing oxygen into follicles, which 
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then kills P acne. Because of this mechanism of action, P acne never 

develops resistance to benzoyl peroxide; however there can be adverse 

side effects such as irritant dermatitis and bleaching of hair, clothes, and 

linen. Topical antibiotics such as clindamycin, tetracycline, and 

erythromycin are bacteriostatic for P acne and are effective for mild to 

moderate inflammatory acne (Berson and Shalita, 1995; Haider and 

Shaw, 2004).  

Topical retinoids such as tretinoin and adapalene correct 

abnormalities in follicular keratinocytes. They are effective in both the 

treatment of inflammatory lesions and in the prevention of the formation 

of comedones.  They may also reduce inflammation by interfering with 

the interaction between toll-like receptor and external products of P acne 

on the surface of antigen presenting cells (Vega et al, 2002). 

In addition, topical retinoids improve the penetration of other topical 

medications and may also help to improve the hyperpigmentation that is 

left in dark skin types after the resolution of inflammatory lesions. The 

maximum therapeutic response to topical retinoids occurs over about 12 

weeks. They may produce local irritation, increased sensitivity to 

sunlight, and exacerbation of inflammatory lesions (Gollnick and 

Schram, 1998; Thiboutot, 2000).  

Combined agents such as erythromycin/zinc, erythromycin/ tretinoin, 

erythromycin/isotretinoin, erythromycin/benzoyl peroxide, and 

clindamycin/benzoyl peroxide are increasingly being used and are useful 

in reducing the development of antibacterial resistance in P acne. Most of 

these topical preparations are available in a variety of strengths and 

delivery systems. Drying agents (gels, washes, and solutions) are 

particularly suited to oily skin, whereas creams, lotions, and ointments 

are more suited to patients with dry, easily irritated skin (James, 2005). 
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Treatment of moderate acne 

Oral antibiotics are the standard treatment for moderate acne and for 

cases where topical combinations are not tolerated or are ineffective. 

They have been shown to reduce the number of P acne. In addition to 

interfering with the growth and metabolism of propionobacteria, 

antibiotics have an anti-inflammatory activity by reducing and inhibiting 

cytokine production, affecting macrophage functions, and inhibiting 

neutrophil chemotaxis. The main systemic antibiotics used are 

erythromycin and different types of tetracyclines. They have a long 

history of verified efficacy in the management of inflammatory acne 

(Ayer and Burrows 2006). 

Erythromycin (macrolide) should be reserved for cases where 

tetracyclines are not tolerated or are contraindicated: for example in 

pregnancy, with breast feeding, and in children below the age of 8–12 

years. First generation tetracyclines (tetracycline hydrochloride, 

oxytetracycline) or second generation tetracyclines (doxycycline, 

lymecycline, or minocycline) should be considered as first line oral 

antibiotic therapy. Tetracycline is inexpensive and is often effective in 

previously untreated cases; however gastrointestinal side effects and the 

need to take it on an empty stomach are disadvantageous (Layton, 2004). 

One advantage of the second generation of tetracyclines relates to 

improved absorption that is unaffected by food. This may improve 

compliance when second generation tetracyclines are used, particularly 

for adolescents. Doxycycline is cleared by the liver, allowing this 
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treatment to be used in patients with renal impairment (Ayer and 

Burrows, 2006). 

Co-trimoxazole and trimethoprim have been used as third line agents 

in the treatment of acne when other systemic antibiotics are 

contraindicated or there is verified resistance to other agents. It is 

recommended to continue treatment for up to three months. If little 

response is seen after six weeks, the addition of a topical non-antibiotic 

medication or a switch to an alternative oral antibiotic should be 

considered (Cunliffe et al, 2003; Layton, 2004). 

After control of acne is achieved and maintained for at least two 

months, a reduction in the dose can be attempted. Eventual withdrawal is 

the goal, followed by long term topical therapy. Resistance to antibiotics 

is a problem which may be due to widespread inappropriate use (such as 

inadequate potency, inadequate duration of treatment, and/or poor 

compliance) (Eady et al, 1989; Coates et al, 2002). 

 

Hormonal therapy 

This can be very effective in women irrespective of their serum 

androgen levels. Oral contraceptives may decrease free testosterone level, 

and the estrogen component may decrease the production of ovarian 

androgens by suppressing the secretion of pituitary gonadotropins. The 

adverse effects of oral contraceptives include nausea, breakthrough 

bleeding, weight gain, and breast tenderness. Available scientific 

evidence does not support the hypothesis that antibiotics lower the 

contraceptive efficacy of oral contraceptives (Archer and Archer, 2002). 

Antiandrogen therapy may be of use to treat acne in women, 

particularly those with deep seated nodules of the lower face and neck. 
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Combination of cyproterone acetate and ethinyl estradiol (Dianette) is 

often effective, but its effect may be delayed for three to six months. Side 

effects of cyproterone include menstrual abnormalities, breast tenderness, 

nausea, vomiting, fluid retention, headache, and melasma. Pregnancy 

should be avoided during therapy with cyproterone, because of potential 

for feminization of the male fetus (Layton et al, 1993; Gollnick et al, 

2003). 

Spironolactone in doses of 50–100 mg twice daily seems to reduce 

sebum production and improves acne. It acts as an androgen receptor 

blocker and inhibits 5-a reductase. There is a theoretical risk of 

carcinogenicity and is therefore used only rarely. The starting dose should 

be around 25–50 mg daily and, provided the patient does not experience 

breast tenderness or headaches, can be increased to the maximum of 200 

mg. It can be combined with the oral contraceptive in sexually active 

women to avoid the risk of pregnancy and feminization of the fetus (Ayer 

and Burrows, 2006). 

Treatment of severe acne 

Patients with severe acne that does not clear with combined oral and 

topical therapy are considered for treatment with oral isotretinoin. 

Isotretinoin is a member of the retinoid class of compounds related to 

retinol (vitamin A). It is the only treatment that has an effect on all four of 

the major factors involved in the pathogenesis of acne, and it is the only 

treatment that may lead to permanent remission. It is also more cost 

effective than oral antibiotics (Peck et al, 1982; King et al, 1982). 

As it is a lipid soluble drug, its absorption is increased when given 

with food. The recommended starting dose is 0.5 mg/kg/day, which is 

gradually increased according to side effects and clinical response. Minor 
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side effects of isotretinoin, such as dryness and soreness of eyes, skin, 

oral mucosa, nasal mucosa, muscle aches and pains, 

hypertriglyceridemia, and impaired night vision are reversible upon 

reducing the dose or withdrawal of treatment. Mucocutaneous drying can 

be managed by emollients and false tears (Leyden and James, 1987; 

Simpson, 1994).  

Retinoid induced hyperlipidemia occurs more frequently in patients 

with underlying predisposing factors such as obesity, alcoholism, 

diabetes, or familial hyperlipidemia. Pre-treatment levels are not 

necessarily predictive of increased levels of triglycerides and cholesterol 

during retinoid treatment. The high levels can be managed at least 

partially by an appropriate diet and lipid lowering drugs. Severe potential 

side effects such as depression and suicide have been reported to occur 

within the first two months of treatment, however this was not seen in 

population based studies (Jacobs et al, 2001; Hull and D`Arcy, 2003). 

The risk of inducing depression should be balanced with the 

psychological benefit of effective treatment. Pseudotumour cerebri and 

benign intracranial hypertension with papilloedema is a rare complication 

of isotretinoin therapy and has been reported when combined with oral 

tetracycline. The drug is only to be prescribed by dermatologists and a 

pregnancy prevention programme should be followed (Layton, 2004).  

Signed consent should be obtained confirming that the patient knows 

not to get pregnant during therapy and for two months afterwards. A pre-

treatment pregnancy test is required and monthly pregnancy testing 

throughout treatment is a recommended option. Treatment should be 

started on the second or third day of menstruation and reliable 

contraceptives should be used where necessary. Isotretinoin is 
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metabolized by cytochrome P450 enzymes, and thus it may have 

potential interaction with other drugs (Ng and Schweitzer, 2003). 

Physical, rather than pharmacological, forms of therapy that result in 

rapid relief of acne include the removal of comedones and the direct 

injection of corticosteroids into inflamed cysts. Other modalities that are 

currently being evaluated include the application of topical 

aminolevulinic acid (ALA) followed by exposure to broadband UV light, 

and the N-Lite laser (Pepall et al, 1991; Oringer et al, 2004). 
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UChapter Two 

ULiver X Receptors (LXRs) 
The LXRs are members of the nuclear receptor (NR) superfamily. 

The NR superfamily is the most abundant family of transcription factors 

that, in general, are ligand activated transcription factors. Their natural 

ligands are lipophilic endocrine hormones and small signaling molecules 

like fatty acids, cholesterol derivatives, retinoic acid, prostaglandins and 

leukotrienes. These signaling molecules easily penetrate the cellular 

membrane and bind their cognate NR. Nuclear receptor target genes are 

involved in diverse biological functions, such as aging, reproduction, 

development and metabolism (Steffensen KR, 2006). 

The transcriptional effects of these receptors are mediated via two 

critical functional domains: the DNA-binding domain (DBD) and the 

ligand-binding domain (LBD). The DBD recognizes specific target genes, 

whereas the LBD modulates the gene transcription by interacting with 

transcriptional regulatory complexes in a ligand-dependent fashion 

(Maglich et al, 2001).  

 

 

Nuclear acting hormones such as steroid and thyroid hormones were 

identified nearly a century ago. These signaling molecules are secreted 

into the bloodstream at nanomolar concentrations and ultimately regulate 

transcription in distant target tissues. Tissues that respond to these 

hormones express receptors whose ligand-binding affinity closely 

matches the circulating concentration of the hormone. The combination 

of secreted hormones and high-affinity targets is a characteristic that 

defines the classical endocrine signaling system. This signaling provides 
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an efficient means to simultaneously regulate gene expression at multiple 

sites throughout the body (Forman, 2003). 

About 48 members of the NR superfamily have been identified in 

humans. The first receptors to be cloned were the endocrine nuclear 

hormone receptors which were discovered in an effort to define the 

mechanism of action of known hormones such as the thyroid hormone; 

the steroidal glucocorticoid, mineralocorticoid and sex hormones; and the 

vitamins A and D. Several of these endocrine receptors have established 

or emerging roles for influencing metabolic and mitochondrial function 

(Alaynick, 2008). 

 

 

 

 

Figure (3): Structure/function organization of nuclear receptors. The six domains 
(A-F) of nuclear receptors comprise regions of conserved function and sequence. All 
of the nuclear receptors contain a central DBD (region C), which is the most highly 
conserved domain and includes two zinc finger modules. A LBD (region E) is 
contained in the C-terminal half of the receptor. Situated between the DBD and LBD 
is a variable length hinge domain (region D), and variable N-terminal region (A/B) 
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contains ampF-I activation function. Most receptors also contain a variable length C-
terminal region F, the function of which is poorly understood. Many members of the 
nuclear receptor family form homo- or heterodimers, and amino acid sequences 
important for dimerization are contained within the DBD and LBD (Olefsky, 2001). 

 

 

Subsequent to the molecular identification of classical endocrine 

receptors, additional members of the nuclear hormone receptor 

superfamily, so called ‘‘adopted orphan receptors”, were discovered to 

respond with low-affinity to physiologic ligands derived from dietary and 

metabolic sources, such as bile salts, fatty acids and eicasanoids, present 

in concentrations (micromolar) orders of magnitude higher than classic 

endocrine hormones (nanomolar). Both the endocrine and adopted orphan 

receptors may have evolved from a phylogenetically transcriptional 

regulator that underwent multiple duplications and divergences. As a 

result, the NR superfamily is divided into two broad groups:   

 (1) The transcription factors for which physiologic ligand-dependent 

activities have been identified 

 (2) The orphan nuclear receptors for which physiologic ligands have 

yet to be identified (Escriva et al, 2004). 
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Figure (4): The nuclear receptor superfamily (Chawla et al, 2001). 
 

Liver X Receptors (LXRs): 
 

Liver X receptors (LXRs) are ligand-activated transcription factors 

that belong to the nuclear receptor superfamily. They were first identified 

in 1994 by screening a rat liver DNA library. LXRs were initially 

classified as orphan nuclear receptors because their natural ligands were 

unknown. In the past years identification of several physiological ligands 

has "adopted" these receptors. The LXR subfamily consists of two 

isoforms, LXR  (NR1H3) and LXRß (NR1H2) that are highly related 

and share ~78% identity of their amino acid sequences in both DNA and 

ligand-binding domains. High expression of LXR  is restricted to spleen, 

liver, adipose tissue, intestine, kidney and lung, whereas LXRß is 

expressed in all tissues examined. Upon ligand-induced activation both 

isoforms form obligate heterodimers with the retinoid X receptor (RXR) 

and regulate gene expression through binding to LXR response elements 

(LXREs) in the promoter regions of the target genes. LXRE consists of 
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two idealized hexanucleotide sequences (AGGTCA) separated by four 

bases (DR-4 element). LXR/RXR is a so called "permissive heterodimer" 

that may be activated by ligands for either partner in an independent 

manner. In the absence of ligands, LXR renews complexes of 

corepressors that are exchanged with coactivators upon receptor 

activation (Baranowski, 2008).  

  
Figure (5): Mechanism of transcriptional regulation mediated by LXRs. RXR - retinoid X 

receptor, LXRE - LXR response element (Baranowski, 2008). 
 

General mechanisms of LXR signaling: 
The LXRs are highly conserved between rodents and humans. Human 

LXRα and rat LXRα show up to 100% homology in amino acid 

composition in the DNA and LBDs while human LXRα and LXRβ show 

almost 80% homology in the same domains. This indicates that both 

LXRs belong to the same family of NRs and that they might serve the 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baranowski%20M%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baranowski%20M%22%5BAuthor%5D�
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same biological functions. There is a close evolutionary relationship 

between the LXRs and both ecdysone receptor (EcR; the Drosophila 

LXR) and the farnesoid X receptor (FXR). The LXRs and FXR work in 

concert as sensors of cholesterol homeostasis as they both regulate 

transcription of genes involved in cholesterol, bile acid, lipoprotein and 

lipid metabolism but other NRs including the glucocorticoid receptor 

(GR), peroxisome proliferator-activated receptors (PPAR), liver receptor 

homologue 1 (LRH1) and short heterodimer partner (SHP) also have 

important roles in nutrient metabolism (Edwards et al, 2002). 

High expression of LXRα is restricted to tissues with high metabolic 

activity including liver, kidney, adipose tissue, small intestine and 

macrophages whereas LXRβ is expressed in all tissues examined. The 

increasing number of identified LXR target genes demonstrates that the 

LXRs regulate expression of genes with multiple biological functions. 

However, the fact that most of the identified target genes are involved in 

metabolic processes indicates that proper LXR signaling is vital to 

metabolic homeostasis in the body (Steffensen KR, 2006). 

 
Figure (6): LXR-mediated transcriptional activation of target genes. LXR functions as an 

obligate RXR heterodimer that binds to its target DNA sequence, The LXR/RXR heterodimer 
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can be activated by either LXR ligands (oxysterols, synthetic ligands), the RXR ligand (9-cis-

retinoic acid), or synergistically by ligands of both receptors. Upon ligand binding, the 

heterodimer undergoes a conformational change that recruits co-activators and results in the 

transactivation of LXR target genes (Millatt et al, 2003). 

 

Molecular mechanisms underlying LXR signaling: 
The LXRs bind to their cognate liver X response element (LXRE), 

consisting of two direct hexanucleotide repeats separated by 4 nucleotides 

(DR4), in the promoter of the target gene where they preferentially 

heterodimerize with the RXR. The LXR/ RXR heterodimer is activated 

upon binding of either 9-cis-retinoic acid (RXR agonist) or LXR agonist 

or synergistically by binding of both ligands. A dimerization- induced 

transactivation of RXR/LXR in the absence of ligand that is mainly 

dependent on the LBD of LXR has also been proposed (Steffensen, 

2006).   

Principally, ligand-activated nuclear receptors bind to their cognate 

response element, which then interact with several coactivator complexes 

to activate transcription. Numerous cofactor proteins have been identified 

as participants of transcriptional complexes that mediate the 

transcriptional activity of nuclear receptors on target genes (Brendel et al, 

2002).  

LXRα interacts with the atypical nuclear receptors short heterodimer 

partner that lacks a DBD and works as one of the few repressors of 

ligand-activated nuclear receptors. Furthermore, LXRα was shown to 

interact with the PPARɣ  coactivator 1α (PGC-1α) leading to increased 

LXRα-mediated transactivation (Oberkofler et al, 2003). 
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           A: In the absence of ligands, LXR/RXR 
heterodimers can bind to target genes and actively repress 
transcription through the recruitment of corepressor 
complexes that contain NCoR, SMRT, and histone 
deacetylases (HDACs).   
      
              B: In the presence of ligands, LXR/RXR 
heterodimers activate transcription through recruitment of 
diverse coactivator complexes. These complexes contain 
enzymatic functions that include nucleosome remodeling 
activity, histone acetyltransferase and histone 
methyltransferase activities, and directly or indirectly 
recruit core transcriptional machinery to the promoter. 
 
             C: LXR agonists can inhibit the activities of other 
signal- dependent transcription factors, such as nuclear 
factor κB (NF-κB)                                                      amd 
activator protein-1 (AP-1).                                 This 
transrepression function contributes to anti-inflammatory 
actions of PPARs and LXRs. 
 
Figure (7): Transcriptional activities of liver X receptors 

(LXRs). LXRs possess the conserved DNA binding 

domain (black) and C-terminal ligand binding domain (white) characteristic of nuclear 

hormone receptors. PPARs and LXRs bind to specific response elements in target genes as 

heterodimers with retinoid X receptors (RXRs), which are also members of the nuclear 

receptor superfamily (Li and Glass, 2004).  

 

 

LXR agonists and antagonists: 
It is widely accepted that endogenous LXR agonists are oxidized 

cholesterol derivatives referred to as oxysterols. The most potent 

activators of this group are 22(R)-hydroxycholesterol and 20(S)-

hydroxycholesterol (intermediates in steroid hormone synthesis), 24(S)-

hydroxycholesterol (produced in the brain, the major oxysterol of human 

http://www.jlr.org/content/45/12/2161/F1.large.jpg�
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plasma) and 24(S), 25-epoxycholesterol (abundant in the liver) which 

were shown to bind to and stimulate transcriptional activity of LXRs at 

concentrations within the physiological range. Most oxysterols have 

similar affinity toward both LXR isoforms with the exception of 5, 6, 

24(S), 25-dieopxy cholesterol and 6 -hydroxy bile acids which are 

somewhat selective for LXR  (Bjorkhem et al, 2002). 

D-glucose and D-glucose-6-phosphate are endogenous LXR agonists 

with efficacy comparable to that of oxysterols. However, this finding was 

recently questioned on the basis of inability of glucose and its metabolites 

to influence the interaction of cofactors with either LXR  or LXRß and 

the lack of involvement of LXRs in regulation of glucose-sensitive genes 

in liver (Denechaud et al, 2008). 

  

In addition to natural ligands, a number of potent synthetic LXR 

agonists have been developed. The two most commonly used in 

experimental studies are T0901317 and GW3965 which show EC50 

values for both LXR  and LXRß in the low nanomolar range. It should 

be noted, however, that T0901317 was reported to activate also pregnane 

X receptor (PXR). The lack of widely available isoform-specific LXR 

agonists slows the progress of research on the function of individual LXR 

subtypes (Mitro,1997). 

      In contrast to oxysterols that stimulate transcriptional activity of 

LXRs, geranylgeranylpyrophosphate, an intermediate of cholesterol 

biosynthesis pathway, inhibits both LXR isoforms by antagonizing their 

interaction with coactivators. Transcriptional activity of LXRs was also 

shown to be inhibited by distinct oxidized cholesterol 3-sulfates normally 

found in human plasma. Moreover, polyunsaturated fatty acids (PUFA) 

were reported to be competitive LXR antagonists in various cell lines. 

However, their antagonistic effect on LXRs was not confirmed in rodent 
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liver and hepatocytes. Although PUFA have been shown to suppress 

transcription of sterol regulatory element binding protein 1 (SREBP-1), 

one of the major LXR target genes, this action is independent of LXR  

(Baranowski, 2008). 

LXR activity is regulated not only by agonists and antagonists but 

also by changes in receptor expression. Several studies have 

demonstrated that expression of LXR  (but not LXRß) is controlled by 

an autoregulatory mechanism. A functional LXR element activated by 

both LXR isoforms was identified in the human LXR  gene promoter. 

Synthetic as well as natural LXR agonists were shown to increase LXR  

expression in human macrophages, adipocytes, hepatocytes, skin 

fibroblasts and myotubes (Kase et al, 2007). 

Human and rodent LXR  gene promoter contains also functional 

peroxisome proliferator response element (PPRE) and peroxisome 

proliferator-activated receptor (PPAR)  and  agonists were shown to 

stimulate LXR  expression in rodent as well as human macrophages, 

adipocytes and hepatocytes                  (Hammarstedt et al, 2005). 

Another factor controlling LXR  expression is insulin which was 

shown to increase receptor mRNA in rat hepatocytes in a dose-dependent 

manner, primarily by stabilization of the transcripts. Transcriptional 

activity of LXR  is also regulated posttranslationally by protein kinase A 

that phosphorylates receptor protein at two sites thereby impairing its 

dimerization and DNA-binding (Yamamoto et al, 2007). 

 

LXRα auto-up-regulation 
Several studies have demonstrated the existence of an auto-up-

regulatory loop controlling the expression of LXRα, but not LXRβ. It was 

found that natural and synthetic LXR ligands induce the expression of 

LXRα in multiple human cell types, including primary human 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baranowski%20M%22%5BAuthor%5D�
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macrophages, via three functional LXREs identified in the human LXRα 

promoter. One of these LXREs was strongly activated by both LXRα and 

LXRβ, while the other two LXREs were selectively but more weakly 

activated by LXRα. Interestingly, LXRα auto-up-regulation appeared to 

be limited to human cell types (macrophages, preadipocytes, and 

hepatoma cells), and did not occur in murine macrophages or 

preadipocytes. As a result, the induction of an LXR target gene, 

apolipoprotein E (ApoE), by LXR ligands was significantly greater in 

human than in murine macrophages, indicating that humans may be more 

responsive than mice to treatment with LXR agonists. It is possible that 

such a difference may be an evolutionary response to the cholesterol-rich 

diet of humans as compared to rodents. This response may be particularly 

important during lipid loading of human macrophages, when LXRα is 

dramatically up-regulated and becomes the predominant LXR isoform, in 

contrast to the situation in resting macrophages (Millatt et al, 2003). 

 

LXRs and the Skin 
LXR Expression in the Skin 

The epidermis is a very active site of lipid metabolism, and liver X 

receptor (LXR) isoforms are expressed in the epidermis (Bookout et al, 

2006). 

LXRs are expressed in the skin, with these receptors localizing to a 

number of different cutaneous sites. Although there is little expression in 

the dermis in vivo, constitutive expression has been reported for LXRα 

and LXRβ in cultured fibroblasts. Furthermore, strong expression of 

LXRα and LXRβ is present in sebaceous glands. LXRα and LXRβ are 

also expressed in sweat gland epithelia. In hair follicles, LXR isoforms 

have been shown to be expressed not only in the outer root sheath but 
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also in the dermal papilla, connective tissue sheath, and the hair bulb 

(Russell et al, 2007). 

Role of LXR in the skin: 

Activation of LXRs stimulates keratinocyte differentiation and 

improves permeability barrier homeostasis by a number of mechanisms, 

including stimulating epidermal lipid synthesis, increasing lamellar body 

formation and secretion, and increasing the activity of enzymes required 

for the extracellular processing of lipids in the stratum corneum, leading 

to the formation of lamellar membranes that mediate permeability barrier 

function. The stimulation of keratinocyte differentiation and permeability 

barrier formation also occurs during fetal development, resulting in 

accelerated epidermal development. LXR activation regulates 

keratinocyte proliferation and apoptosis, and studies have shown that 

these receptors play a role in cutaneous carcinogenesis (Schmuth et al, 

2008). 

LXR activation is anti-inflammatory, reducing inflammation. Because 

of their broad profile of beneficial effects on skin homeostasis, LXR have 

great potential to serve as drug targets for common skin diseases (Lu et 

al, 2006). 

Factors affecting LXR expression: 

It is well recognized that LXR expression is modulated by 

inflammation both in the epidermis and in other organs, such as the liver, 

heart, and adipose tissue. In cultured human keratinocytes, cytokines and 

ultraviolet light reduced the expression of LXRα, whereas the expression 

of LXRβ was unchanged (Lu et al, 2006).  
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LXR Activation regulates stratum corneum formation:  

The formation of a normal stratum corneum requires both corneocytes 

and the extracellular lipid matrix. The formation of these two components 

was viewed as concurrent but independent processes. However, as lipids 

accumulate within the keratinocyte for the formation of lamellar bodies, it 

is possible that these lipids or metabolites of these lipids will activate 

LXR, which could then stimulate the expression of the proteins required 

for keratinocyte differentiation. In addition, the activation of LXR would 

also increase epidermal lipid synthesis, lamellar body formation (by 

increasing ABCA12 expression), lamellar body secretion, and the 

enzymes required for the metabolism of precursor lipids to those present 

in the lamellar membranes. Hence, the increase in lipids that occurs 

during keratinocyte differentiation to facilitate lamellar body formation 

could activate LXR, by serving as a signal that could coordinately 

regulate the formation of the stratum corneum by stimulating both the 

formation of corneocytes and the extracellular lipid matrix 

(Schmuth et al, 2008). 
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Figure (8): liver X receptor (LXR) in stratum corneum formation. (Schmuth et al, 2008). 

 

LXRα Enhances Lipid Synthesis in Sebocytes 

In the sebaceous glands, sebum is produced within specialized cells, 

which are called sebocytes, and is released as these cells burst. Sebaceous 

lipogenesis resulting in accumulation of lipid droplets and subsequent 

sebum secretion represents a major step in the terminal differentiation of 

Sebocytes (Zouboulis, 2004). 

The growth and differentiation of sebaceous gland are regulated by 

several nuclear receptors. For example, androgen receptor is activated by 

active androgens, such as 

dehydroepiandrosterone, androstenedione, and testosterone, which have 

been shown to stimulate sebum secretion in human skin.LXR is known to 

regulate the metabolism of lipid and cholesterol, both LXRα and LXRβ 

form heterodimers with the retinoid X receptor and bind specific DNA 
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sequences, that is the LXR response element (LXRE) (Alberti et al, 

2000). 

Although many experimental results suggest that the mechanisms 

involved in adipogenesis are similarly utilized for sebocyte 

differentiation, the role of LXRs has not been illustrated for sebocytes. It 

was found that activation of LXRα induces lipid synthesis in sebocytes 

that was accompanied with the induction of SREBP-1 and PPAR (Hong 

et al, 2008). 

LXR ligands activated the expression of all three subtypes of PPARs 

and downstream target genes indicating that PPARs may mediate the 

lipogenic function of LXRα in sebocytes, at least in part. These data have 

currently been confirmed by a preliminary independent report indicating 

that both LXR isotypes are expressed in the SZ95 sebocytes and that 

LXRα agonists simulate lipogenesis and inhibit proliferation of the SZ95 

sebocytes (Russell et al, 2006). 

During the last decade, considerable progress has been made in our 

understanding of the molecular events regulating lipogenesis in adipose 

tissues and the liver. Several transcriptional factors have been identified, 

which act cooperatively and sequentially trigger lipogenesis steps in pre-

adipocytes. Among them, CCAAT/enhancer binding proteins, 

peroxisome proliferator activated receptors (PPAR) and sterol regulatory 

element binding protein -1 (SREBP-1), are thought to play crucial roles in 

adipogenesis. LXRα is highly expressed in tissues such as the liver, 

kidney, small intestine, spleen, skeletal muscle, and adipose tissue so, 

studies demonstrated that both LXRα and LXRβ were expressed in the 

SZ95 sebocytes and that LXRα plays a critical role in sebaceous lipid 

production (Lu et al, 2001; Hong et al, 2008).  

Therefore, studies were made to indicate the role of LXR in 

sebaceous lipogenesis and cellular lipid accumulation by employing the 
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immortalized human sebaceous gland cell line SZ95, which shows the 

same characteristics, morphology, and phenotype as normal human 

Sebocytes (Hong et al, 2008).       

Excess sebum and inflammation which have been currently accused 

to initiate acne lesions are associated with the expression of LXRα, 

indicating that LXRα could be one of the most important therapeutic 

targets for the treatment of acne.  

Thus, it would be advantageous to develop selective LXR antagonists 

to regulate sebaceous lipogenesis and inflammation (Hong et al, 2008).   
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SUBJECTS AND METHODS 

SUBJECTS 

This study was carried out on seventeen (17) patients with acne 

vulgaris and sixteen healthy volunteers who served as controls. All 

patients were candidates presenting at Kasr El Aini Dermatology 

Department's outpatient clinic. 

Seventeen patients with acne vulgaris were included in the study. 

They included 10 males & 7 females, with their ages ranged from 15-30 

years. All patients received no topical or systemic therapy at least 4 

weeks before inclusion in the study. 

Patients: 

The grading score of acne used in this study: 

By using lesion counting to classify acne into four groups based on 

the number of inflammatory eruptions on half of the face as: 0-5 'mild' ; 

6-20 'moderate',  21-50 'severe'; and more than 50 'very severe' (Hayashi 

et al, 2008). 

Sixteen healthy volunteers served as controls. They included 6 males 

& 11 females, and their ages ranged from 20-27 years. 

Controls: 

All the included subjects were informed according to the Helsinki 

Declaration of biomedical ethics; verbal consent was obtained after 

proper orientation of the subjects regarding the objectives of the study. 

The data's confidentiality as well as the impact of the study was respected 

and maintained. 

Every patient was subjected to the following: 
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    - Personal history: name, age, sex, marital status, address, occupation, 

telephone number and special habits of medical importance. 

1-History taking: 

    - History of the present illness:  onset, course, duration of illness and 

presence of any precipitating or aggravating factors as trauma, infection 

or drugs and previous treatment. 

     - History of other skin or systemic diseases. 

    - Past history of similar conditions as well as family history of skin 

diseases was also checked for. 

1- Distribution:                               

2- Clinical examination: 

- Face               

- Chest  

- Back  

2- type of the lesion: 

    - Inflammatory 

         - Non inflammatory                              

3-Severity of disease: 

- Mild                                    

- Moderate                            

- Severe 

Two punch skin biopsies were taken from the back of each acne 

patient (one inflammatory and another non inflammatory) each measuring 

1.5mm while one punch skin biopsy measuring 1.5mm was taken from 

normal skin of each individual of the control group. The skin biopsy was 

3- Skin biopsy: 
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stored as a frozen section at   -80 ˚C for quantitative PCR examination of 

LXRα mRNA. 

 

METHODS 

For the detection of liver x receptor alpha, RNA was extracted, 

reverse transcripted into cDNA and amplified by PCR. 

1-Detection of liver x receptor alpha gene expression by reverse 

transcriptase-Polymerase Chain Reaction (RT-PCR): 

A) 

Total RNA was extracted from the skin biopsy using RNA extraction 

kit provided by Qiagene extraction kit. RNA purity and quantity was 

measured by spectrophotometer at 260 nm. 

Total RNA extraction: 

B) 

Two sets of primers were used for amplification of LXRα and 

GHPDA genes.  

Primers sequence: 

LXRα sense: CGGGCTTCCACTACAATGTT 

LXRα antisense: TCAGGCGGATCTGTTCTTCT 

GHPDA Sense :ATGGGGAAGGTGAAGGTCGG                      

GHPDA antisense :   TGGTGAAGACGCCAGTGGAC                                   

C) 

Reverse transcription was performed using 0.5 μg of total pure RNA, 

100 ng of antisense specific primer, 100 units M-MLV reverse 

transcriptase (Promega, Madison, WI, USA), 20 units RNasin (Promega), 

800μM PCR Nucleotide Mix (Promega) as described by the 

manufacturers. The cDNA were amplified by PCR using the specific 

RT-PCR for LXR α mRNA: 
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sense and antisense, GoTaq Green Master Mix 2X (Promega), 5 μL RT-

product, in a final volume of 50 μL.  

Amplifications were performed in a thermal cycler, under the 

following conditions: 30 cycles at 93°C 30 s, 58°C 45 s, 72°C 1 min for 

LXRα. GAPDH was expressed in the extracted RNA as housekeeping 

gene with 25 cycles at 93 °C 30 s, 56 °C 45 s, 72 °C 1 min. 

All the PCR products were electrophoresed on 2% agarose gel stained 

with ethidium bromide and visualized by UV transilluminator. Gene 

expression of LxR produced sharp bands at 213bpand the GAPDA at 

300bp. 

D) Agarosegel electrophoresis: 

* Procedure: 

a) 2% agarose gel was prepared as follows: one gram of agarose was 

dissolved in 50 ml of TAE buffer in a flask covered with aluminium 

foil for 5 minutes in a microwave adjustable to medium temperature. 

b) When the agarose solution cooled to 60°C, 2.5 μl of EB was added 

to allow subsequent visualization of the DNA. The gel was poured 

into a clean and dry gel mold. When the agarose had set completely 

(20-30 min), the comb was carefully removed and the gel was 

placed in the electrophoresis champer. The sample wells positioned 

at the negative electrode end of the gel tank so that DNA migrates 

through the gel towards the positive electrode. TAE buffer was 

added just enough to cover the gel. 

c) For loading the gel, 9 μl from the amplified DNA was added with 3 

μl of loading dye. Samples were loaded carefully into the wells 

without hitting the gel to avoid diffusion. The gel control marker 
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was also loaded to determine the size of PCR product. 5 μl from the 

marker and 3 μl loading dye was used. 

d) The lid of electrophoresis champer was closed, the gel run at 100 

Volts, 250 Ampere for 20 minutes. 

e) Semiquantitation by Densitometer

The PCR products were semi-quantitated using the Densitometer 

system (USA)  

: 

 

 

IBM statistical package for social sciences (SPSS) (V.19.0, IBM 

Corp., USA, 2010) was used for data analysis. Data were expressed as 

Mean ± standard deviation for quantitative parametric measures in 

addition to Median Percentiles for quantitative non-parametric measures 

and both number and percentage for categorized data. The following tests 

were done: 

2-Data management and statistical analysis: 

1- Comparison of quantitative variables between the study groups 

using Mann Whitney U test. 

2- The association between each 2 variables or comparison between 2 

independent groups as regards the categorized data using Chi-

square test (X²). 

3- Kruskal-Wallis Test which was used for comparison between 3 or 

more groups. 

4- Correlation between the different study variables was done using 

Spearman rank correlation test and the correlation coefficiencey 

was expressed as r value. 



59 
 

P > 0.05 = Insignificant. 

Significance level (P) value was expressed as follows: 

P < 0.05 = Significant. 

P < 0.01 = Highly significant.  
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RESULTS 

Patient's data (Table 1): 

The study included 17 patients with acne vulgaris, each patient was 

subjected to full history and proper examination. 

Patient's ages ranged from 15 to 30 years with a mean of 20.29 yr 

(±3.93). As regards the sex, 10 patients were males (58.8%) and 7 

patients were females (41.2%). 

As regards the degree of severity of the disease, 4 patients were mild 

(23.5%), 10 patients were moderate (58.8%) and 3 patients were severe 

(17.6%). While as regards the course of the disease, 2 patients were 

stationary (11.8%), 12 patients were progressive (70.6%) and 3 patients 

were cyclic (17.6%).  As regard the previous treatment, 10 patients with 

no previous treatment (66.7%), 1 patient with topical treatment (6.7%) 

and 2 patients with topical and systemic (26.7%).Disease duration varied 

from 6 to 84 months, with a mean of 26.11 months (±26.06). 

Table 2 is representing summary of clinical data of the patients.  

Control's data (Table 3):  

Sixteen healthy volunteers were served as control. Their ages ranged 

from 20 to 27 years with a mean 23.56 (±2.12), including 11 females 

(68.8%) and 5 males (31.2%). 
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Table (1): Clinical data of the acne vulgaris patients (n=17)  

 

 

 

 

 

Case 
No 

Age 
(y) Sex Severity Duration 

(months) course 

LXRα in 
inflammatory 

lesions 

(ug/mg tissue) 

LXRα in 
comedonal 

lesions 

(ug/mg tissue) 

1 21 male moderate 24 Progressive 1038 854 

2 15 female moderate 12 Stationary 1327 842 

3 30 male moderate 60 Progressive 1204 957 

4 24 male severe 12 progressive 1327 947 

5 18 female moderate 12 progressive 964 751 

6 17 female mild 24 progressive 1008 842 

7 22 female moderate 6 progressive 1204 957 

8 15 male mild 12 progressive 1044 823 

9 23 male severe 36 progressive 1285 945 

10 22 female moderate 6 progressive 1365 1005 

11 22 female moderate 84 progressive 1288 888 

12 16 male moderate 6 stationary 1255 845 

13 17 male mild 12 progressive 1276 852 

14 19 male mild 36 cyclic 1144 934 

15 23 male severe 84 cyclic 1295 935 

16 23 female moderate 6 progressive 1155 944 

17 18 male moderate 12 cyclic 1026 852 
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Table (2): Summary of the clinical and demographic data of the patients: 

Age (years) Min: 15 

Max: 30 

Mean ± SD: 20.29 ± 3.93 

Sex M: n = 10, (58.8%) 

F: n = 7, (41.2%) 

Severity Mild: n = 4, (23.5%) 

Moderate: n = 10, (58.8%) 

Severe: n = 3, (17.6%) 

Course Stationary: n = 2, (11.8%) 

Progressive: n = 12, (70.6%) 

Cyclic: n = 3, (17.6%)  

Duration 

(months) 

Min: 6 

Max: 84 

Mean ± SD: 26.11 ± 26.06 

Previous treatment No: 10, (66.7%) 

Topical: n = 1, (6.7%) 

Topical + systemic: n = 4, (26.7%) 

Min: Minimum, Max: Maximum, SD: Standard deviation 
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Table (3): Data of the control group (n=16) 

Control 
no. 

Age 

(y) 

Sex LXRα  

(ug/mg tissue) 

1 22 male 641 

2 20 female 426 

3 24  female 742 

4 26 female 534 

5 22 female 650 

6 25 male 648 

7 24 female 459 

8 27  male 610 

9 21  female 644 

10 25  male 705 

11 22 female 485 

12 23 female 572 

13 24  female 635 

14 27 male 492 

15 24  female 655 

16 21  female 710 
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Patients with acne vulgaris were divided into two types: 

Results of quantitative PCR in patients and control: 

Type 1: the inflammatory lesions 

Type 2: the comedonal lesions 

The level of LXRα in the inflammatory lesions ranged from 964 to 1365 

with a mean of 1188.52 (±129.5) ug/mg tissue, while the level of LXRα 

in the comedonal lesions ranged from 751 to 1005 with a mean of 892.52 

(±66.08) ug/mg tissue. 

The level of LXRα in the control group ranged from 426 to 742 with a 

mean of 600.50 (±95.30) ug/mg tissue. 
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Table (4): Summary of the values of LXRα in both types of acne vulgaris 

lesions and in controls: 

                LXRα 

(ug/mg tissue) 

Inflammatory 

lesions 

(n=17) 

Minimum 964 

Maximum 1365 

Median 1204 

Mean ± SD 1188.52 ± 129.57 

Comedonal 

lesions 

(n=17) 

Minimum 751 

Maximum 1005 

Median 888 

Mean ± SD 892.52 ± 66.08 

Control 

biopsies 

(n=16) 

Minimum 426 

Maximum 742 

Median 638 

Mean ± SD 600.50 ± 95.30 
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Analysis of the results: 

1): The level of LXRα in acne vulgaris lesions and the control:

    The level of LXRα was significantly higher in both types of acne, the 

inflammatory acne with a mean of 1188.52                             (± 

129.5)ug/mg tissue and the comedonal acne with a mean of 892.52 (± 

66.08) ug/mg tissue in a statistically significant manner than the controls 

with a mean of 600.50 (± 95.30) ug/mg tissue where the P value is 0.000 

  

Table (5): showing the level of LXRα in both types of acne vulgaris 
lesions and the control: 

 Inflammatory 
lesions (n=17) 
(ug/mg tissue)  

Comedonal 
lesions(n=17) 
(ug/mg tissue)  

Control biopsies 
(n=16) (ug/mg 

tissue) 

P Value 

Minimum 964 751 426  

  

 

 

 ٭0.000

Maximum 1365 1005 742 

Median 1204 888 638 

Mean±SD 1188.52±129.57 892.52 ±66.08 600.50 ±95.30 

 .P Value < 0.05 (statistically significant)٭

 

Fig (9): LXR α level (ug/mg tissue) in acne vulgaris and control, P=0.000 
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    The level of LXRα in the inflammatory lesions with a mean of 1188.52 

(±129.57) ug/mg tissue was significantly higher than in the comedonal 

lesions with a mean of 892.52 (± 66.08) ug/mg tissue where the P Value 

is 0.000. 

2): LXRα level in the inflammatory and comedonal lesions of acne 

vulgaris: 

Table (6): LXRα level in the inflammatory and comedonal lesions of 

acne vulgaris: 

 Inflammatory 
lesions (n=17) 
(ug/mg tissue) 

Comedonal lesions 
(n=17) (ug/mg 

tissue)  

P Value 

Minimum 964 751  

 Maximum 1365 1005 ٭0.000

Median 1204 888 

Mean±SD 1188.52 ± 129.57 892.52 ± 66.08 

 P Value < 0.05 (statistically significant)٭

 

Fig (10): LXR α level (ug/mg tissue) in the inflammatory and comedonal acne vulgaris, 

P=0.000 

 

 

 

0

500

1000

1500

inflammatory acne comedonal acne

LXRα

LXRα



68 
 

    Correlating the level of LXRα with the disease duration was not found 

to be statistically significant, where the P value is 0.114 while there was 

an inverse correlation between the level of LXRα and the age of patients, 

which was insignificant where the P value is 0.138 

3): The level of LXRα with the age of the patients and the duration of 

disease: 

Table (7): LXR α with age of patients and duration of the disease 

 LXR α (ug/mg tissue) 

Acne Vulgaris (n=17) 

P Value Pearson correlation  

(r-value) 

Age (years) 0.138 -0.213 

Duration of disease 

(months) 

0.114 0.523 
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4): The level of LXRα with the sex of the patients:

     The level of LXRα was insignificantly correlated with the sex of the 

patients where the P value is 0.119, where the mean in acne male patients 

was 967.36 ± 234.88 ug/mg tissue while in acne female patients was 

842.1 ± 276.6 ug/mg tissue. 

  

 Table (8): LXRα with the sex of the patients 

 LXRα (ug/mg tissue) 

Mean ± SD  

P Value 

Males 

(n=10) 

 

967.36 ± 234.88 

 

 

0.119 Females 

(n=7) 

 

842.1 ± 276.6 

 

Fig (11): LXRα (ug/mg tissue) with the sex of the patients. 
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     The level of LXRα was insignificantly correlated to the disease 

severity where the P value is 0.378, where the mean in mild acne was 

990.37 ± 160.67ug/mg tissue while in moderate acne was 1036 ± 

184.45ug/mg tissue and in severe acne was 1122.33 ± 197.7ug/mg tissue. 

5): The level of LXRα and the severity of the disease: 

 Table (9): LXRα with the severity of the disease 

 Mild Moderate Severe 

LXRα 

Mean±SD 
(ug/mg tissue) 

 

990.37±160.67 

 

1036±184.45 

 

1122.33±197.7 

X² 1.947 

P Value 0.378 

 

Fig (12): LXRα (ug/mg tissue) with the severity of the disease. 

 

 

 

 

900

950

1000

1050

1100

1150

Mild Moderate Severe

LXR α

LXR α



71 
 

 

     The level of LXRα was insignificantly correlated to the course of the 

disease where the P value is 0.979, where the mean in the stationary 

course was 1067.25 ± 260 ug/mg tissue while in the progressive course 

was 1038.45 ± 179.8 ug/mg tissue and in the cyclic course was 1031 ± 

163.19 ug/mg tissue. 

6): The level of LXRα and the course of the disease: 

 Table (10): LXRα with the course of the disease 

 Stationary Progressive Cyclic 

LXRα 

Mean±SD 
(ug/mg tissue) 

 

 

1067.25±260 

 

 

1038.45±179.8 

 

 

1031±163.19 

 

X² 0.043 

P Value 0.979 

Fig 

(13): LXRα (ug/mg tissue) with the course of the disease. 
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Acne vulgaris is a disease of the pilosebaceous unit resulting from the 

interplay of different factors as seborrhea, P. acnes colonization, 

hyperkeratinization of the follicular duct and release of inflammatory 

mediators. Increased sebum lipogenesis by sebaceous gland is considered, 

among all features, the major one involved in the pathophysiology of 

acne. On average, acne subjects excrete more sebum than normal ones 

and secretion rates correlate well with the severity of the disease and the 

clinical manifestations (Picardo et al, 2009). 

Discussion 

It was indicated that sebocytes, as major components of 

pilosebaceous unit, may act as immune cells and may be activated by P. 

acnes that recognize altered lipid content in sebum, followed by the 

production of inflammatory cytokines (Knor, 2005). 

Considerable progress has been made in our understanding of the 

molecular events regulating lipogenesis in the adipose tissues and the 

liver. Several transcriptional factors have been identified, which act 

cooperatively and sequentially trigger lipogenesis steps in pre-adipocytes 

among them, PPAR and (sterol regulatory element-binding proteins) 

SREBP-1, are thought to play crucial roles in adipogenesis (Wu et al, 

1999; Rosen et al, 2000). LXRα is highly expressed in tissues known to 

play important roles in lipid metabolism such as the liver, kidney, small 

intestine, spleen, skeletal muscle, adipose tissue  and macrophages (Repa 

and Mangelsdorf, 2000; Lu et al, 2001).  

Liver X receptors (LXRs) are ligand-activated transcription factors 

that belong to the nuclear receptor superfamily. Strong expression of 

LXRα is present in the sebaceous glands which play a critical role in the 

sebaceous lipid production; as it was expressed in the skin and has been 
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widely recognized in the regulation of genes involved in innate immunity, 

inflammation and lipid biosynthesis (Gupta et al, 2010). 

Sebaceous lipogenesis resulting in accumulation of lipid droplets and 

subsequent sebum secretion represents a major step in the terminal 

differentiation of sebocytes (Downie and Kealey, 1998). Excessive 

sebum production from the sebaceous glands is one of the major causes 

of acne (Brown and Shalita, 1998; Zouboulis, 2004). 

       LXRα expression has been studied in sebocyte cell lineages but not 

in acne lesions in vivo. The aim of this study was to investigate the level 

of tissue expression of LXRα in different types of acne lesions in 

correlation to the clinical settings observed in acne cases and in 

comparison to normal skin of controls, in order to clarify the role of LXR 

in the pathogenesis of acne. Seventeen acne patients were recruited for 

this study and according to the biopsies obtained, lesions were 

subcategorized into 2 groups, inflammatory and comedonal, for which the 

level of LXRα was measured by PCR technique. The same technique was 

used to detect expression of LXRα in normal skin biopsies obtained from 

16 age-and-sex matched healthy volunteers who served as control 

population. 

Our results showed that the mean level of LXRα was significantly 

higher in lesional acne skin in a statistically significant manner than in the 

control population, where the P value was <0.001. This supports the fact 

that increased LXR expression has a key role in acne pathogenesis. It is 

proposed to be through its action on inducing lipogenesis; as activation of 

LXRα inhibits proliferation, increases lipogenesis and improves 

differentiation of sebocytes (Hong et al, 2008).  

Our results agree with the findings of Russell et al (2007) who 

demonstrated the increased lipogenesis in sebocytes by synthetic 
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stimulation of LXR which was significantly increased by 1.5 folds 

following incubation for 2 days with synthetic LXR agonists; which also 

increased by 5 folds following incubation for 5 days when compared with 

untreated control cells. Furthermore, Russell et al (2006) indicated that 

both LXR isotypes are expressed in the SZ95 sebocytes, and that LXRα 

stimulate lipogenesis and inhibit proliferation of the SZ95 sebocytes.   

PPAR and LXR are related to the same subfamily of the nuclear 

receptors; and strong expression of PPARα, PPARβ/δ, PPARγ1, LXRα, 

and LXRβ is present in sebaceous glands (Russel et al, 2007; Schmuth et 

al, 2008). LXR ligands activate the expression of all three subtypes of 

PPARs and downstream target genes indicating that PPARs may mediate 

the lipogenic function of LXRα in sebocytes, at least in part. It has been 

reported that activation of LXR involves the induction of PPARγ and 

downstream adipogenic gene expression in adipose tissue (Seo et al, 

2004).  

Our results support the findings of Elmongy and Shaker (2011) who 

demonstrated that sebum production is the key factor in the 

pathophysiology of acne, and lipid mediators are able to interfere with 

sebocyte differentiation and sebogenesis through the activation of 

pathways related to PPAR. Their results showed a highly statistically 

significant increase in PPAR β/δ expression in acne patients compared to 

controls and this expression was also significantly increased in lesional 

compared to non-lesional skin in patients; and that the increased PPAR 

β/δ expression could have a role in the pathogenesis of acne vulgaris 

through an increase in lipogenesis. 

In addition to their key role in cholesterol homeostasis, LXRs have 

emerged as important regulators of inflammatory gene expression and 

innate immunity.  Hong et al (2008) showed that activation of LXR 
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blunts the induction of classical inflammatory genes such as iNOS and 

COX-2 in the SZ95 sebocytes. The expression of COX-2 and iNOS is 

largely controlled by NF-kB in response to a variety of inflammatory 

signals, suggesting that LXRα may antagonize the activation of NF-kB in 

sebocytes.  (Hayden and Ghosh, 2004; Zelcer and Tontonoz, 2006). 

COX-2 is normally expressed in the SZ95 sebocytes, and COX-2 

expression is upregulated in the sebaceous glands of acne-involved skin 

(Alestas et al, 2006; Zhang et al, 2006).  

It was demonstrated that LXR activators have potent anti-inflammatory 

activity in both the irritant and allergic contact models of cutaneous 

inflammation via inhibition of cytokine production upon topical treatment 

with LXR endogenous and synthetic agonists. LXR activators did not 

reduce inflammation in LXRβ-deficient or LXRα/β-deficient mice, 

indicating that LXRβ was required for this anti-inflammatory effect 

(Fowler et al, 2003). Further studies with analysis of purified primary 

lymphoid cultures established that activation of LXRβ by physiologic or 

pharmacologic ligands diminishes the proliferative capacity of B and T 

cells (Bensinger et al, 2008).  

In this study acne lesions were subcategorized into two groups, 

inflammatory (papules) and non-inflammatory (open and closed 

comedones), for which the level of LXRα was measured. The level 

proved to be higher in inflammatory than comedonal acne in a 

statistically significant manner (p=0.000). This indicates that LXRα may 

play a role in the progression of disease from comedonal to inflammatory 

phase, as most inflammatory acne lesions arise from comedones (54%)  

and in 28% of lesions from normal skin (Do et al, 2008). This is possibly 

through excess induction of sebaceous lipogenesis.   
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However, it suggests that in sebaceous glands in vivo LXRα does not 

play an anti-inflammatory role. LXRβ levels were not measured in this 

study. It could be speculated that an unchanged or even reduced level 

might aid in the disease progress from non-inflammatory phase to the 

inflammatory phase. Further studies on LXRβ in acne should be 

performed to clarify this component.  

On the other hand, PPARs may mediate the lipogenic function of 

LXRα in sebocytes, at least in part (Hong et al, 2008). It was recently 

proven by Elmongy and Shaker (2011) that inflammatory acne did not 

show a significant increase in PPAR β/δ expression compared to non-

inflammatory acne, although its level was significantly elevated in 

lesional versus non-lesional acne skin. So, the increased PPAR β/δ was 

not simply due to inflammation and it is directly related to the 

pathogenesis of acne vulgaris itself. 

Therefore, we assume that the effects of LXR on induction of acne 

vulgaris are not due to transrepression of inflammatory signaling 

pathways; rather they are related to control of cellular cholesterol 

metabolism inducing excess lipogenesis, which promotes the progress of 

the disease state into the papulopustular phase. It is established that LXRs 

regulate gene expression linked to cholesterol metabolism in a tissue-

specific manner, according to whether it is in the liver, intestine or in 

macrophages (Hong and Tontonoz, 2008). 

Additionally, our results showed that the level of LXRα was 

significantly higher in the comedonal (non inflammatory) acne in a 

statistically significant manner than in controls biopsies, where the P 

value was <0.001 so. This result established that the increased LXRα 

expression is directly related to the pathogenesis of acne vulgaris itself 

and is not a consequence of inflammation. 
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Hong et al, 2010 examined whether LXRα and its ligands regulate 

lipid synthesis in HaCaT cells (a transformed human keratinocyte cell 

lineage) depending on previous studies which demonstrated that ligands 

of LXRα are important in the maintenance of the normal epidermal 

barrier function and keratinocyte differentiation. When HaCaT cells were 

treated with the LXRα ligand TO901317, lipid droplets accumulated in 

the majority of cells, this lead to lipogenesis in keratinocytes, which may 

enhance the epidermal barrier function of the skin. This further indicates 

that LXR has a role in lipid synthesis in these cells.  

In our study, the level of LXRα was insignificantly correlated to the 

disease severity whether it was mild, moderate or severe so, it cannot be 

used as a clinical marker for the disease, nor its level as a predictor for 

disease severity. Also, no statistically significant correlations were found 

between the level of LXRα and the disease duration or the sex of the 

patients, while there was insignificant inverse correlation between the 

level of LXRα and the age of patients. This substantiates further the 

results of Elmongy and Shaker (2011) who demonstrated no correlations 

between age, disease duration and mean PPAR mRNA levels in lesional 

skin of acne vulgaris patients.  

The course of the acne whether it was stationary, progressive or it was 

remitting and exacerbating (cyclic) was as well insignificantly correlated 

to the level of LXRα.  
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Conclusions 

1-Excess sebum and inflammation, which been accused of initiating acne 

lesions are associated with the function of LXR.  

2- LXRα could be one of the most important therapeutic targets for the 

treatment of acne, as its main role in acne pathogenesis is increased 

sebaceous lipogenesis, induction of comedogenesis in addition to its role 

in the progression from comedonal to inflammatory acne.  

Recommendations 

1- It would be advantageous to develop selective LXRα antagonists to 

regulate sebaceous lipogenesis in acne vulgaris.  

2- A better understanding of the molecular control of the LXR-induced 

sebocyte differentiation and inflammation may lead to improved 

pharmacological interventions for the treatment of sebaceous gland-

associated disorders. 

3- Further studies of the role of LXR-beta in inflammatory versus non-

inflammatory acne lesions in vivo are needed. 
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Acne vulgaris is a disease of the pilosebaceous unit characterized by: 

seborrhea, Propionobacterium acnes colonization, hyperkeratinization of 

the follicular duct and release of inflammatory mediators. Increased 

sebum lipogenesis by sebaceous gland is considered, among all features, 

the major one involved in the pathophysiology of acne. On average, acne 

subjects excrete more sebum than normal ones and secretion rates 

correlate well with the severity of the disease and the clinical 

manifestations. 

Summary 

It was indicated that sebocytes, as major components of 

pilosebaceous unit, may act as immune cells and may be activated by P. 

acnes that recognize altered lipid content in sebum, followed by the 

production of inflammatory cytokines. 

The growth and differentiation of sebaceous gland is regulated by 

several nuclear receptors. Liver X receptors (LXRs) are ligand-activated 

transcription factors that belong to the nuclear receptor superfamily. 

There are two isoforms of LXR: LXRα and LXRβ. LXRα have been 

widely recognized in the regulation of genes involved in innate immunity, 

inflammation and lipid biosynthesis. Activation of LXRα inhibits 

proliferation, increase lipogenesis and improve differentiation of 

sebocytes. 

The aim of this study was to investigate the level of tissue expression 

of LXRα in inflammatory versus non inflammatory acne vulgaris lesions 

and in comparison with normal skin to clarify the role of LXR in the 

pathogenesis of acne and thereby the effect of its agonists and antagonists 

in treatment of different types of acne.  
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The study included 17 patients with acne vulgaris, 10 males (58.8%) 

and 7 females (41.2%). Patient's ages ranged from 15 to 30 years with a 

mean of 20.29 years ±3.93. Disease duration varied from 6 to 84 months, 

with a mean of 26.11 months                     ± 26.06. In comparison with 16 

healthy volunteers served as control. Their ages ranged from 20 to 27 

years with a mean of 23.56 ±2.12, including 11 females (68.8%) and 5 

males (31.2%). 

Punch skin biopsies were taken from the back of the acne patient's; 

one inflammatory and another non inflammatory as well as from the 

normal skin of the volunteers for detection of gene expression of LXRα 

by RT- PCR. 

The level of LXRα was significantly higher in the lesional skin either 

inflammatory (with a mean of 1188.52 ± 129.5) or comedonal acne (with 

a mean of 892.52 ± 66.08) in a statistically significant manner than the 

controls (with a mean of 600.50 ± 95.30) where the P value was <0.001. 

As activation of LXRα inhibits proliferation, increase lipogenesis and 

improve differentiation of sebocytes. So, the increased LXR expression 

could have a role in acne pathogenesis through an increase in lipogenesis. 

In this study, the level of LXRα was higher in inflammatory than 

comedonal acne in statistically significant manner indicating it may plays 

a role in the progression of disease from comedonal to inflammatory.      

In this study, the level of LXRα was insignificantly correlated to the 

disease severity whether it was mild, moderate or severe so, it cannot be a 

clinical marker for the disease. Also, no statistically significant 

correlations were found between the level of LXRα and the disease 

duration or the sex of the patients, while there was insignificant inverse 

correlation between the level of LXRα and the age of patients. 
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The course of the acne whether it was stationary, progressive or it was 

remitting and exacerbating (cyclic) was insignificantly correlated to the 

level of LXRα. 

Excess sebum and inflammation, been currently accused to initiate 

acne lesions are associated with the function of LXRα, indicating that 

LXRα could be one of the most important therapeutic targets for the 

treatment of acne. 

A better understanding of the molecular control of the LXR-induced 

sebocyte differentiation and inflammation may lead to improved 

pharmacological interventions for the treatment of sebaceous gland-

associated disorders. 
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Uالملخص العربى 

الزهم ، االستعمار لبكتيريا  بحب الشباب هو مرض الوحدة الشعرية الدهنية والذى يتميز

البروبيونية العدية ، فرط تشكل الكيراتين من القناة الجريبي واإلفراج عن وسطاء التهابات. تعتبر 

الرئيسية المشاركة في الفيزيولوجيا زيادة تكون الدهون الزهمية من الغدة الدهنية احد العوامل 

المرضية من حب الشباب. في المتوسط، مرضى حب الشباب تفرز المزيد من الزهم من تلك 

األعراض اإلكلينيكية.والعادية، ومعدالت اإلفراز تتطابق جيدا مع شدة المرض   

و فد أشير إلى أن الخلية الدهنية بإعتبارها من المكونات الرئيسية للوحدة الشعرية الدهنية، 

قد يكون بمثابة الخاليا المناعية و التى يمكن تفعيلها من خالل البكتيريا البروبيونية العدية التي 

.تتعترف على تغير المحتوى الدهني في الزهم، يليه إنتاج السيتوكينات االلتهابية  

 مستقبالت خاليا النمو والتمايز للغدد الدهنية ينظم بواسطة العديد من المستقبالت النووية.

وهناك نوعان من هذه الكبد اكس هى عوامل نسخ تنتمى الى عائلة المستقبالت النووية 

الفا قد تم االعتراف بها على نطاق واسع في مستقبالت خاليا الكبد اكس المستقبالت: الفا و بيتا. 

ة. تنشيط هذه الحيوي تنظيم الجينات المسؤولة عن المناعة الفطرية، االلتهابات والدهون

هذه الخاليا. يمنع انتشار وزيادة تكون الدهون فى الخاليا الدهنية وتحسين تمايزالمستقبالت   

في  الهدف من الدراسة هو التحقيق في مستوى تعبير أنسجة مستقبالت خاليا الكبد اكس الفا

اآلفات االلتهابية و الغير التهابية  فى مرض حب الشباب الشائع وبالمقارنة مع الجلد الطبيعي 

 في كيفية حدوث حب الشباب، وبالتالي تأثير مستقبالت خاليا الكبد اكس الفاتوضيح دور ل

 الناهضات والمضاضات في عالج أنواع مختلفة من حب الشباب.

 من 7%) و 58.8 من الذكور (10شملت هذه الدراسة سبعة عشر مريضا بحب الشباب، 

 سنة 3.93 ±20.29 سنة بمتوسط قدره 30و 15%) و تراوحت أعمارهم بين 41.2اّلإناث (

 شهر. بالمقارنة 26.06 ± 26.11 شهر بمتوسط قدره 84 إلى 6بينما تراوحت مدة المرض بين 

 سنة 27 الى 20مع ستة عشر من االفراد األصحاء كمجموعة ضابطة تراوحت أعمارهم بين 

%).31.2 من الذكور (5%) و 68.8 من اإلناث (11 سنة بينهم 2.12 ± 23.56بمتوسط قدره   

تم أخذ عينات من الجلد المصاب بحب الشباب من الظهر من  اآلفات االلتهابية و الغير 

التهابية و كذلك من الجلد الطبيعى من المجموعة الضابطة لقياس التعبير الجينى لمستقبالت خاليا 

 الكبد اكس الفا عن طريق تقنية تفاعل البلمرة المتسلسل (بى سى ار).
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الكبد اكس الفا أعلى بكثير سواء فى اآلفات االلتهابية (بمتوسط و كان مستوى مستقبالت 

) من مرضى 66.08 ± 892.52) أو الغير التهابية (بمتوسط قدره 129.5 ± 1188.52قدره 

مما كان عليه فى المجموعة الضابطة (بمتوسط قدره .بطريقة ذات داللة إحصائيةحب الشباب 

الكبد اكس  مستقبالت حيث أن تنشيط. و0.001)حيث كانت قيم ف أقل من 95.30 ± 600.50

 يمنع انتشار وزيادة تكون الدهون فى الخاليا الدهنية ويحسن من تمايز هذه الخاليا, لذلك الفا

  يكون لها دور في كيفية حدوث الكبد اكس الفا أن فى مستوى مستقبالت يمكن إعتبار الزيادة

 مرض حب الشباب من خالل الزيادة في تكون الدهون.

 اآلفات االلتهابية عنه فى  أعلى فيالكبد اكس الفامستقبالت في هذه الدراسة، كان مستوى 

بطريقة ذات داللة إحصائية مشيرا إلى أنه قد يلعب دورا في تطورالمرض اآلفات الغير التهابية  

.اآلفات االلتهابية إلى فى اآلفات الغير التهابيةمن   

الكبد مستقبالت في هذه الدراسة ، لم يتم العثور على رابط ذو داللة إحصائية بين مستوى 

 و شدة المرض سواء كانت خفيفة، معتدلة أو شديدة و لذلك  ال يمكن أن تكون عالمة اكس الفا

مستقبالت إكلينيكية للمرض. أيضا، لم يتم العثور على ارتباطات ذات داللة إحصائية بين مستوى 

 ومدة المرض أو جنس المرضى، في حين كان هناك ترابط عكسي و لكن دون الكبد اكس الفا

  وعمر المرضى.الكبد اكس الفامستقبالت داللة إحصائية بين مستوى 

مسار المرضى لحب الشباب سواء كان ثابت, متقدم أو أنه يتحويل ويتفاقم (دوري) لم يتم ال

.الكبد اكس الفامستقبالت العثور له على رابط ذو داللة إحصائية بينه و بين مستوى   

مستقبالت فائض الزهم وااللتهابات، والمتهم حاليا لبدء آفات حب الشباب يرتبط مع وظيفة 

 يمكن أن يكون واحدا من األهداف الكبد اكس الفامستقبالت ، مشيرا إلى أن الكبد اكس الفا

 العالجية األكثر أهمية لعالج حب الشباب.

 فى تمايز الخاليا الدهنية الكبد اكسمستقبالت لفهم األفضل للتحكم الجزيئى الذى تسببه ا

 واإلتهاب قد يؤدي إلى تحسن التدخالت الدوائية لعالج االضطرابات المرتبطة بالغدة الدهنية.
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