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From an evolutionary perspective, lipoproteins are not only lipid transporters, but they also have important

functions in many aspects of immunity. High-density lipoprotein (HDL) particles are the most abundant lipoproteins

and the most heterogeneous in terms of their composition, structure, and biological functions. Despite strong

evidence that HDL potently influences the activity of several immune cells, the role of HDL in skin diseases is

poorly understood. Alterations in HDL-cholesterol levels have been observed in atopic dermatitis (eczema),

psoriasis, urticaria, and angioedema. HDL-associated apolipoprotein (apo) A-I, apoA-IV, and apoC-III, and lyso-

phosphatidylcholines potently suppress immune cell effector responses. Interestingly, recent studies provided

evidence that skin diseases significantly affect HDL composition, metabolism, and function, which, in turn, could

have a significant impact on disease progression, but may also affect the risk of cardiovascular disease and

infections. Interestingly, not only a loss in function, but also, sometimes, a gain in function of certain HDL properties

is observed.

high-density lipoprotein  HDL composition  HDL function  skin disease  psoriasis

atopic dermatitis  urticaria  angioedema  immunomodulation

1. Introduction

The prevalence of allergic and inflammatory skin diseases has dramatically increased in recent decades, a fact that

is linked to changes in environmental exposures and lifestyle practices . Despite strong evidence that high-

density lipoprotein (HDL) potently influences the activity of several immune cells, including monocytes,

macrophages, eosinophils, and neutrophils , the role of HDL particles in skin diseases is still poorly understood

. HDL particles are regarded as cholesterol transporters, mainly mediating the reverse cholesterol transport from

extrahepatic peripheral tissues back to the liver. Although their association with reduced cardiovascular risk is well

established , HDL-cholesterol raising therapies failed to improve the cardiovascular outcome , and

recent studies challenged the causal role of low HDL-cholesterol levels in cardiovascular diseases .

HDL is quantitatively the most important lipoprotein in most species and mechanistic evidence points towards a

role of HDL in physiological immune function , while low HDL-cholesterol levels are associated with a high risk of

autoimmune disease in individuals from the general population . In this context, the potential role of HDL in other

diseases, such as infections and allergies, but also skin diseases, has gained much attention.

[1][2]

[3][4]

[5]

[6][7][8][9] [10][11][12]

[13]

[14]

[15]



High-density lipoprotein in skin diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/3517 2/28

Apolipoprotein (apo) A-I is the main structural and functional apoprotein of HDL , and it plays a key role in the

induction of cholesterol efflux from cells . The interaction of HDL with cells results in cholesterol depletion in

specific membrane microdomains enriched in cholesterol and sphingolipids, named lipid rafts, a mechanism that is

known to disrupt raft-dependent signaling . Their main role is the compartmentalization of molecules to form

functional platforms for biological processes, such as toll-like receptors (TLRs) . The lipid composition of rafts

determines their function; the modification of lipid raft composition can modulate raft-dependent signaling due to

protein delocalization and alter immune cell biological functions . HDL, along with apoA-I, have been shown to

disrupt the plasma membrane of lipid rafts in antigen presenting cells, leading to the inhibition of their capacity to

stimulate T cell activation . On the other hand, lyso-phosphatidylcholine, which is one of the main phospholipid

subtypes carried by HDL particles , has been shown to directly activate TLRs 1, 2, and 4 in the absence of

classical TLR-ligands; however, in the presence of classical TLR-ligands, it induces an anti-inflammatory

phenotype . TLRs are expressed by a plethora of cells in the skin, including Langerhans cells, keratinocytes,

and several immune cells . Furthermore, TLRs are implicated in the pathogenesis of atopic dermatitis 

 and psoriasis .

The composition and particle distribution of HDL are significantly altered in allergic and skin diseases, which

ultimately lead to altered HDL functionality and an altered ability of HDL to modulate immune cell effector

responses .

2. HDL Metabolism, Composition and Function

HDL particles are heterogeneous in terms of their composition, structure, and biological functions. The biogenesis

of HDL is a complex process . The first step in HDL formation is the secretion of apoA-I by the liver and intestine

. Secreted apoA-I interacts thereafter with ATP-binding cassette (ABC) transporter A1 (ABCA1), which leads to

the rapid recruitment of cellular phospholipids and cholesterol to lipid-poor apoA-I. Afterwards, the lipidated apoA-I

is gradually converted into discoidal HDL particles, containing unesterified cholesterol . The acquisition of

cholesterol and the esterification of free cholesterol to cholesteryl esters by the enzyme lecithin cholesterol

acyltransferase (LCAT)   lead to the evolution of more mature, large-sized particles . HDLs are extensively

remodeled in the bloodstream via the action of lipid transfer proteins, such as cholesteryl-ester transfer protein

(CETP), LCAT, and phospholipid transfer protein (PLTP). CETP is responsible for the bidirectional transfer of

cholesteryl esters and triglycerides between plasma lipoproteins . PLTP mediates the phospholipid transfer

among lipoproteins , which converts HDL into larger and smaller particles . In addition, certain lipases,

such as endothelial and hepatic lipases, as well as lipid exchange with cellular transporters, such as ABCA1 and

ABCG1, and scavenger receptor class B type I (SR-BI), affect HDL maturation and catabolism . Plasma

endothelial and hepatic lipases have specificity for phospholipids and triglycerides of large HDL and apoB-

containing lipoproteins remnants . The hydrolysis of triglycerides and phospholipids of HDL leads to the

conversion of HDL2 into HDL3 and pre-beta HDL . ABCA1 and ABCG1 both play a crucial role in the reverse

cholesterol transport pathway. ABCA1 is responsible for the transfer of cellular phospholipids and cholesterol to

lipid poor apoA-I, while ABCG1 promotes cholesterol efflux to more mature HDL particles . SR-BI is primarily
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expressed by the liver, but it is also found in other tissues . SR-BI absorbs cholesterol and cholesteryl ester of

HDL without causing HDL degradation in the liver . SR-BI also promotes cholesterol efflux from macrophages

and other cell types to HDL particles, thus acting as a bidirectional cholesterol transporter  (Figure 1). HDL can

be divided into the relatively cholesterol-rich, larger, spherical, and less dense HDL2 particles (1.063–1.125 g/mL),

and the more protein-rich, smaller, and denser HDL3 particles (1.125–1.21 g/mL) . The latter particles appear to

display the most potent atheroprotective properties . In addition to apoA-I and apoA-II, which are the main

protein components, HDL particles contain other less abundant proteins, including apoA-IV, apoC-II, apoC-III,

apoE, and serum amyloid A (SAA) . Some studies reported that more than 100 different proteins are associated

with HDL, which suggests a multiple functionality for the HDL particles . Not all protein species are present on

every single HDL particle, and most proteins are only carried by a small fraction of the HDL particles . However,

there is recent evidence that the HDL proteome of mature HDL3 and HDL2 subclasses may be less complex than

expected and contains less than 20 proteins after extensive purification . This seems to contradict other

publications that assume a much more complex HDL proteome . However, in these publications, not only

HDL2 and HDL3 were isolated and investigated, but also pre-beta HDL. Therefore, the different number of

identified proteins is due to the other purification strategies of the HDL subclasses. Moreover, more than 200 lipid

species have been identified in HDL particles , including cholesterol (free or esterified), triglycerides,

phospholipids, lyso-phospholipids, and sphingolipids . The structure and dynamic properties of lipids significantly

depend on their location in the particle (surface, intermediate region, core). Not only hydrophobicity, but also

conformational entropy of the molecules, are the driving forces in the formation of the HDL structure . For

example, apoA-I has a strong preference for binding to HDL (d = 8–12 nm), as compared to larger, less curved low-

density lipoproteins (LDL) (d = 20–24 nm) or very low-density lipoproteins (VLDL) (d = 40–100 nm). The high

radius of curvature of HDL as compared to other lipoproteins causes packing defects of phospholipids, and this is

the reason why other lipids and amphipathic proteins associate with HDL when compared to other lipoproteins .

In addition to the promotion of cellular cholesterol efflux, HDL particles display a number of anti-inflammatory

activities, such as cytoprotective, vasodilatory, anti-oxidative, anti-thrombotic, and anti-infectious activities .

Among the HDL associated enzymes, paraoxonase (PON) is known to exert a protective effect against oxidative

damage of circulating cells and lipoproteins and to modulate the susceptibility of HDL to atherogenic modifications,

such as homocysteinylation and glycation, even exerting an anti- inflammatory role . Other HDL-associated

enzymes are LCAT, platelet-activating factor-acetyl hydrolase (PAF-AH) (also known as lipoprotein-associated

phospholipase A2 (Lp-PLA2)), and PLTP. Among these, LCAT is responsible for the esterification of free cholesterol

to cholesteryl esters . PAF-AH is mainly associated with low-density lipoproteins, however about 30% is also

associated with HDL . PAF-AH is the major enzyme catabolizing platelet-activating factor (PAF) and PAF-like

lipids, which are potent inflammatory mediators . PLTP is a lipid transfer protein that is involved in the

remodeling of HDL particles  and it has been reported to contribute to the anti-oxidative HDL activity .
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Figure 1. High-density lipoprotein (HDL) metabolism. HDL metabolism is a multistep process involving (i) the

secretion of lipid-free apolipoproteins by the liver or intestine, (ii) the acquisition of cholesterol and phospholipids

via ATP-binding cassette (ABC) transporter A1 (ABCA1), ABCG1, and scavenger receptor class B type I (SR-BI),

(iii) the maturation by lecithin cholesterol acyltransferase (LCAT)-mediated cholesterol esterification and (iv) the

final uptake of lipids by the liver. Cholesterol uptake is either mediated directly via SR-BI, or indirectly via

cholesteryl-ester transfer protein (CETP)-mediated transfer of cholesteryl ester to very low-density lipoproteins
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(VLDL) and low-density lipoproteins (LDL) and uptake by the LDL-Receptor. The liver excretes then cholesterol into

the bile, either directly via the action of ABCG5/G8 transporters, or indirectly following oxidation to bile acid and

secretion via ABCB11 . Abbreviations represent: ABCA1, ATP-binding cassette subfamily A member 1;

ABCG1, ATP-binding cassette subfamily G member 1; ABCG5, ATP-binding cassette subfamily G member 5;

ABCG8, ATP-binding cassette subfamily G member 8; apoA-I, apolipoprotein A-I; apoA-II, apolipoprotein A-II;

apoA-IV, apolipoprotein A-IV; apoB-100, apolipoprotein B-100; apoC, apolipoprotein C; apoC-II, apolipoprotein C-II;

apoC-III, apolipoprotein C-III; apoE, apolipoprotein E; CE, cholesteryl ester; CETP, cholesteryl ester transfer

protein; EL, endothelial lipase; FC, free cholesterol; HDL, high-density lipoprotein; HL, hepatic lipase; LCAT,

lecithin-cholesterol acyltransferase; LDL, low-density lipoprotein; LDLR, low-density lipoprotein receptor; LPC, lyso-

phosphatidylcholine; LPL, lipoprotein lipase; PC, phosphatidylcholine; PLTP, phospholipid transfer protein; RCT,

reverse cholesterol transport; SAA, serum amyloid A; SR-BI, scavenger receptor class B type I; TG, triglyceride;

VLDL, very low-density lipoprotein.

3. HDL in Inflammatory Skin Diseases

The skin is one of the largest immunologic organs, while it is often a target for allergic and immunologic responses

. Immune-mediated skin diseases, such as contact dermatitis, atopic dermatitis, psoriasis, urticaria,

angioedema, and autoimmune blistering disorders are becoming all the more common nowadays, while most of

them are chronic and inflammatory with both environmental and genetic factors contributing . Many skin

disorders are known to be associated with dyslipidemia, while some of the dermatological therapies are also known

to predispose to lipid abnormalities .

3.1. Atopic Dermatitis is Associated with Complex Alterations in HDL Composition
and Function

Atopic dermatitis (or eczema) is the most common atopic disease in young children and the most common skin

disease in childhood . Atopic dermatitis comprises a common chronic inflammatory skin disease with

heterogeneous clinical phenotypes that are determined by both genetic and epigenetic dispositions . In more

than half of the patients the disease starts before the age of 6, while a less frequent onset is observed after the age

of 20 . Atopic dermatitis has different onset patterns and disease course is associated with distinct clinical

features, food intolerance, risk of concomitant allergic diseases, and impact of psychic factors on symptoms . In

the last years, associations of atopic dermatitis with other inflammatory diseases have been reported, including

systemic lupus erythematosus, rheumatoid arthritis, inflammatory bowel disease , and increased cardiovascular

risk .

Although there is evidence that HDL is an important modulator of the immune response, few studies have

investigated the role of HDL in human atopic dermatitis. A study conducted by Schäfer et al. reported increased

HDL-cholesterol levels in patients in comparison to controls ; however, another study by Agón-Banzo et al. on a

pediatric population, along with the study by Trieb et al., reported no difference .
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A further study reported that apoA-I was highly expressed in the horny layer of the skin of atopic dermatitis patients

in comparison to controls and it was associated with the severity of specific eruptions . In a recent study by Trieb

et al., the composition of HDL was evaluated in atopic dermatitis patients and control subjects . Interestingly, the

authors identified complex HDL compositional alterations. Specifically, the authors observed a significant

enrichment of atopic dermatitis-HDL in apoA-II, the acute-phase protein SAA, and phosphatidylinositol, while a

trend towards increased sphingomyelin content of atopic dermatitis-HDL was also observed . Moreover, a

significant reduction in atopic dermatitis-HDL content of apoC-III, apoE, cholesteryl ester, free cholesterol, lyso-

phosphatidylcholine (especially 16:0 species), and phosphatidylethanolamine was observed when compared to the

control subjects .

Eosinophils comprise a cell subset inducing tissue damage in the inflammatory infiltrate within the dermis of atopic

dermatitis patients . The effector responses of HDL isolated from patients suffering from atopic dermatitis and

healthy controls were evaluated in a previous study while using freshly isolated human eosinophils . Eosinophils

were stimulated with eotaxin-2/CCL24 in the presence or absence of HDL (isolated from patients suffering from

atopic dermatitis and healthy controls) and morphological changes (evaluated by the change in shape via flow

cytometry) or chemotaxis was monitored. Of particular interest, the majority of HDL that was isolated from atopic

dermatitis patients increased agonist induced eosinophil effector responses when compared to control-HDL. The

authors demonstrated that the HDL-associated apoC-III and lyso-phosphatidylcholine species 16:0 and 18:0

effectively suppressed eosinophil shape change and migration . Interestingly, the HDL content of apoC-III and

lyso-phosphatidylcholine species 16:0 and 18:0 was much lower in HDL that was isolated from atopic dermatitis

patients, and it was linked to an impaired ability of HDL to supress eosinophil effector responses. Moreover, by

performing a detailed correlation analysis between function and composition of HDL isolated from atopic dermatitis

patients, the authors demonstrated that the HDL-triglyceride content was negatively associated with the HDL

activity towards agonist-induced eosinophil shape change and migration. In contrast, the HDL-associated SAA was

associated with the ability of HDL to suppress agonist-induced eosinophil shape change . In addition, the HDL-

associated paraoxonase activity was decreased in atopic dermatitis-HDL; however, no change was observed in the

capacity of atopic dermatitis-HDL to mobilize cholesterol from cells, when compared to the control-HDL .

In conclusion, there is increasing evidence that atopic dermatitis is associated with profound alterations in the HDL

composition, linked to the formation of dysfunctional HDL. In contrast to the HDL that was isolated from allergic

rhinitis patients , the ability of HDL to suppress eosinophil effector responses is suppressed in atopic dermatitis,

which suggests disease specific links between HDL composition, dysfunction, and disease severity.

3.2. HDL in Psoriasis

Epidemiological and clinical studies have shown a consistent association of psoriasis with systemic metabolic

disorders, including an increased prevalence of diabetes, obesity, and cardiovascular disease . Psoriasis is a

common chronic inflammatory skin disease, which affects approximately 2–3% of the population in Western

countries , and it is equally prevalent in both sexes . Psoriasis is characterized by the appearance of red

scaly plaques, affecting any part of the body, but predominately appearing over elbows and knees, on the scalp,
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the perianal, and the umbilical region . The pathogenesis of psoriasis is complex, involving the activation of

plasmacytoid dendritic cells by epidermal antigens due to skin trauma as the initial step , followed by maturation

of myeloid dendritic cells, which promote the differentiation of T cells into Th1 and Th17 cells, via the secretion of

interleukin (IL)-6, IL-12, and IL-23 . Pro-inflammatory cytokines and chemokines that are produced by activated

keratinocytes are able to recruit a variety of inflammatory cells from the circulation, leading to a “vicious cycle” of

excessive immune response .

Already in the 90s, studies reported alterations in plasma lipids   and HDL-apolipoprotein content   in

psoriatic children. The results from studies evaluating, among others, HDL-cholesterol levels between psoriasis

patients and controls, vary greatly, reporting either increased , decreased 

 or unchanged 

  levels. Interestingly, Yu et al. demonstrated an increase in the small HDL

subclass in psoriasis patients, which was associated with aortic inflammation , while Tom et al. reported a

decrease in the large HDL subclass in paediatric psoriasis patients in comparison to controls, but no change in the

small or medium HDL subclasses was observed .

Anti-inflammatory, anti-psoriatic therapies appear to induce complex changes in the HDL-cholesterol levels. The

current treatment options include topicals, such as corticosteroids, as well as agents such as anthralin, synthetic

vitamin D3 and vitamin A; phototherapy, including broad and narrowband-ultraviolet B (UVB), laser UVB, and

psoralen and ultraviolet A (PUVA); systemics, such as methotrexate, cyclosporine, and retinoid receptor inhibitors

(acitretin); and, biological therapeutics targeting tumor necrosis factor (TNF)-alpha, IL-23p40, or IL-17 .

Tofacitinib, an oral janus kinase (JAK) inhibitor , metformin, an anti-inflammatory agent activating

adenosine monophosphate-activated protein kinase (AMPK) , and adalimumab , etanercept , or other

TNF-alpha blockers  appear to increase HDL-cholesterol levels; whereas, topical   or systemic treatment

with methotrexate   or acitretin   seem to decrease HDL-cholesterol levels. Etanercept , anti-IL17A

antibodies, such as ixekizumab  and secukinumab , or other biologic treatments , appear not to affect

HDL-cholesterol levels. In 2014, Holzer et al. demonstrated an increase in the large HDL subclass in psoriasis

patients upon systemic and/or topical treatment in comparison to baseline . In 2018 Mehta et al. reported an

increase in the HDL-particle number at 12 weeks of phototherapy and a trend towards increase after adalimumab

treatment, however at 52 weeks of adalimumab treatment a significant reduction of the HDL-particle number was

observed in comparison to the baseline ; while, treatment with secukinumab induced no change in HDL particle

number and size . In 2017, Wolk et al. reported a striking increase in total HDL particles upon different dosages

of tofacitinib for four or 16 weeks in comparison to baseline measurements; specifically the authors observed an

increase in the small HDL subclass, while medium and large HDL subclasses remained unchanged . Much like

the effects of systemic or biological therapeutics on HDL-cholesterol levels, the distribution of HDL particles is also

affected, since it appears to be dependent not only on the pharmacological agent, but also on the duration of

treatment. In 2012, a study evaluated several aspects of HDL composition in HDL that was isolated by

ultracentrifugation in a small cohort of psoriasis patients receiving mainly topical treatment . Among the main

HDL-associated proteins and lipids, the authors were able to demonstrate a reduction in the levels of apoA-I, total

cholesterol, cholesteryl esters, free cholesterol, phosphatidylcholine and sphingomyelin, and an increase in the
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levels of apoA-II and acute-phase proteins, such as SAA and α-1-antitrypsin, in HDL that is derived from psoriasis

patients in comparison to the controls . However, previous studies reported increased , decreased 

, or unchanged  apoA-I levels in psoriasis patients compared to healthy controls.

Due to these contradictory data, no direct and clear correlation between psoriasis and HDL quantity, particle size

distribution, or composition has been demonstrated so far. Further studies are necessary in order to understand the

observed effects.

However, the effects of anti-psoriatic therapy on some metrics of HDL function are more evident. During the last

decade, studies coming from several groups have demonstrated significantly impaired HDL-cholesterol efflux

capacity in psoriasis patients in comparison to controls , which appeared to recover upon systemic

and/or topical treatment . HDL-mediated cholesterol efflux capacity was negatively associated with psoriasis

area severity index score , being significantly impaired in patients with higher psoriasis area severity index

score , while it was positively associated with impaired levels of apoA-I, phosphatidylcholine, sphingomyelin ,

and total phospholipid HDL content . A recent study conducted by Mehta et al. indicated reduced cholesterol

efflux capacity at 52 weeks of adalimumab treatment . The JAK inhibitor tofacitinib showed no change in

cholesterol efflux capacity upon a 16-week treatment, as was recently reported by Wolk et al. , while

secukinumab treatment for 12 or 52 weeks also induced no change .

Furthermore, the anti-inflammatory potential of HDL was markedly impaired in psoriasis patients when compared to

controls . Of particular interest, a study identified apoA-I, HDL-cholesterol, and HDL-cholesterol efflux capacity

to be predictors of noncalcified coronary burden in psoriasis . Moreover, an improved HDL-associated Lp-PLA2

activity in patients in comparison to controls was observed , which was positively correlated with the psoriasis

area severity index score . Upon systemic and/or topical treatment or biologic treatment, patients showed

improved LCAT activity in comparison to the baseline .

In conclusion, recent studies provided clear evidence that psoriasis affects HDL composition that is linked to a

significantly impaired capability to mobilize cholesterol from macrophages, a crucial step in reverse cholesterol

transport. HDL quantity and other functionalities assessed in psoriasis patients, including paraoxonase activity and

anti-oxidative properties of HDL, are contradictory. Interestingly, as demonstrated by Asefi et al., PON 55

methionine allele is a risk factor for psoriasis . However, in psoriasis patients, unchanged , improved 

, or impaired  paraoxonase activity was observed in comparison to healthy controls.

Rocha-Pereira et al. showed a significantly reduced total anti-oxidant potential in patients in comparison to controls

, while others observed no difference in the anti-oxidant HDL capacity .

All of these data only suggest a loss of cholesterol efflux capacity of HDL in patients with psoriasis, corresponding

to the increased cardiovascular risk of these patients, while other metrics of HDL quantity and quality are

inconclusive. This also suggests that studying the influence of anti-psoriatic agents on HDL-cholesterol efflux

capacity may help to identify treatment strategies with beneficial effects on long-term cardiovascular outcome.
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3.3. HDL in Urticaria

Urticaria is a common chronic clinical condition that presents with angioedema, wheals (hives), or both ,

occurring in 15–25% of individuals at some point of life , and it is one of the 10 most common dermatoses .

Urticaria presents a high burden for the patient due to its chronic course and the difficulties in diagnosis and

treatment, ultimately reducing performance and quality of life . Urticaria is characterized by a recurrent, pruritic,

wheals of pale, central swelling, and surrounding epidermal erythema, with the potential of appearance over any

part of the body and with lesions ranging in size from a few millimeters to several centimeters . Mast cells are

the primary effector cells in urticaria, and their degranulation leads to a rapid release of a plethora of inflammatory

mediators, such as leukotrienes, prostaglandins, and histamine, which, in turn, cause vasodilation and leakage of

plasma below and in the skin. A more delayed secretion of inflammatory cytokines follows, including IL-4, IL-5, and

TNF-alpha, potentially leading to further inflammatory responses and longer lasting lesions . The pathogenesis,

classification, diagnosis, and treatment options of urticaria have been extensively reviewed elsewhere ,

and they are not in the focus of the current review.

A study conducted by Amin and Rushdy has recently demonstrated significantly decreased serum levels of HDL-

cholesterol in chronic spontaneous urticaria patients in comparison to control subjects, which were negatively

associated with TNF-alpha . Similarly, another study also demonstrated a reduction of serum HDL-cholesterol

levels in chronic spontaneous urticaria patients in comparison to the controls, with HDL-cholesterol levels being

negatively associated with right and left carotid intima media thickness, discussing the likelihood of a potentially

increased atherosclerosis risk in those patients . Further studies are warranted in order to confirm a potential

link of HDL and urticaria.

3.4. HDL in Angioedema

Angioedema, in the absence of urticaria, is a rare condition that manifests itself by sudden, localized, non-pitting,

erythematous, or skin-colored swelling of certain body parts, including the skin, mucous membranes, or both, the

upper respiratory and intestinal epithelial linings . Heat and pain comprise additional symptoms of the skin,

although they are hardly accompanied by itching, desquamation, or staining of the skin . When present,

angioedema should be diagnosed with caution, since alternative diagnoses, including acquired angioedema,

hereditary angioedema, or angioedema that is associated with angiotensin-converting enzyme inhibitors, all

comprising life-threatening conditions, might also be true . It can be further classified to idiopathic,

histaminergic, hereditary type I, hereditary type II, and hereditary with normal C1 inhibitor, acquired and

angiotensin-converting enzyme (ACE) inhibitor-induced . Angioedema results from the release of vasoactive

mediators, which increase the vascular permeability in the skin and submucosa, leading to plasma vascular

leakage and a resulting edema, which can be attributed either to bradykinin- or to histamine-mediated mechanisms

. The exact pathophysiology, diagnosis, and treatment options have been described elsewhere , and

they are not in the scope of this review.
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Several different studies have determined the serum levels of HDL-cholesterol in angioedema patients, however

currently no literature on potential HDL-associated compositional alterations in angioedema is available. A study

conducted by Sloane et al. evaluating the potential side effects of long-term stanozolol therapy in hereditary

angioedema patients has revealed reduced HDL-cholesterol levels after stanozolol treatment is some of the

patients . Other studies, evaluating possible adverse effects of danazol treatment, revealed significantly lower

levels of serum HDL-cholesterol  and apoA-I in danazol treated patients when compared to control groups

(either untreated patients or patients without long-term danazol treatment), as well as a higher risk of abnormally

low HDL-cholesterol levels in danazol treated patients, indicating that long-term use of this drug is associated with

increased early atherosclerosis risk . A similar study by Birjmohun et al., which evaluated the effects of short-

and long-term danazol treatment, revealed decreased apoA-I and HDL-cholesterol levels in short-term treated

patients in comparison to the baseline measures, while long-term treatment did not adversely affect HDL-

cholesterol concentration and apolipoproteins between patients and controls . A more recent study by

Nebenführer et al. revealed that danazol treated patients suffering from hereditary angioedema with C1 inhibitor

deficiency had higher cardiovascular risk, as evaluated by the high body mass index and LDL/HDL ratio, in

comparison to healthy controls .

Currently, information on functionality of HDL-associated enzymes in angioedema patients is only available by the

study of Birjmohun et al., which evaluated the effects of short- and long-term danazol treatment in hereditary

angioedema patients. This study revealed no adverse effects of short- and long-term danazol treatment on PON-1,

PLTP, and CETP activities along with CETP mass between patients and controls. However, a trend towards

decreased LCAT activity was observed in the long-term, although unaltered in the short-term danazol treated

patients . Further studies in larger cohorts are necessary in order to confirm the observed effects and

understand the possible pathophysiological role of HDL in angioedema.

4. Conclusions

From an evolutionary point of view, lipoproteins display important functions in many aspects of immunity. Of all

lipoproteins, HDL has the highest affinity for binding and neutralizing pathogen-associated lipids (e.g., LPS and

lipoteichoic acid) , which mediate excessive immune activation in bacterial infections . Research

into the composition, distribution, and functionality of HDL particles in skin diseases has begun to attract attention,

with several groups demonstrating changes in the composition and function of HDL.

A major weakness in HDL research is that HDL-cholesterol levels vary widely between different studies of the same

disease background, which is possibly due to different study design, disease duration, or the presence of

concomitant diseases, making it difficult to draw firm conclusions. However, the results of several studies provide

compelling evidence that skin diseases significantly affect the composition and metabolism of HDL, which, in turn,

could have a significant impact on disease progression and the risk of infection and cardiovascular disease.

HDL particles in inflammatory skin diseases have an altered composition, which results in an altered functionality;

however, these changes are not consistent for different pathological backgrounds. Currently, there are no tests

[166]

[167][168]

[167]

[35]

[169]

[35]

[40][170] [40][171][172]
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available for measuring the composition, function, and inflammatory properties of HDL in clinical practice. It is not

clear to what extent inflammatory-HDL alterations are a driving force or only a biomarker of the disease. Future

studies are needed in order to demonstrate causality. 

 

References

1. Chante Karimkhani; Robert P. Dellavalle; Luc E. Coffeng; Carsten Flohr; Roderick J. Hay; Sinéad
M. Langan; Elaine O. Nsoesie; Alize J. Ferrari; Holly E. Erskine; Jonathan I. Silverberg; et al.Theo
VosMorteza Naghavi Global Skin Disease Morbidity and Mortality. JAMA Dermatology 2017, 153,
406-412, 10.1001/jamadermatol.2016.5538.

2. Ruby Pawankar; Allergic diseases and asthma: a global public health concern and a call to action.
World Allergy Organization Journal 2014, 7, 1-12, 10.1186/1939-4551-7-12.

3. Bi‐Lian Yu; Shu‐Hui Wang; Daoquan Peng; Shui‐Ping Zhao; HDL and immunomodulation: an
emerging role of HDL against atherosclerosis. Immunology & Cell Biology 2010, 88, 285-290, 10.
1038/icb.2009.112.

4. A. L. Catapano; Angela Pirillo; Fabrizia Bonacina; Giuseppe Danilo Norata; HDL in innate and
adaptive immunity. Cardiovascular Research 2014, 103, 372-383, 10.1093/cvr/cvu150.

5. Manjunath M Shenoy; Chetana Shenoy; Gururaja K. Rao; Dyslipidemia in dermatological
disorders. North American Journal of Medical Sciences 2015, 7, 421-8, 10.4103/1947-2714.1686
57.

6. The Emerging Risk Factors Collaboration* The Emerging Risk Factors Collaboration*; Major
Lipids, Apolipoproteins, and Risk of Vascular Disease. JAMA 2009, 302, 1993-2000, 10.1001/jam
a.2009.1619.

7. Gordon, T.; Castelli, W.; Hjortland, M.C.; Kannel, W.B; Dawber T.R.; High density lipoprotein as a
protective factor against coronary heart disease. The Framingham study. The American Journal of
Medicine 1977, 62, 707-714, 10.1016/0002-9343(77)90899-3.

8. P W Wilson; R D Abbott; W P Castelli; High density lipoprotein cholesterol and mortality. The
Framingham Heart Study.. Arteriosclerosis: An Official Journal of the American Heart Association,
Inc. 1988, 8, 737-741, 10.1161/01.atv.8.6.737.

9. D J Gordon; J L Probstfield; R J Garrison; J D Neaton; W P Castelli; J D Knoke; D R Jacobs; S
Bangdiwala; H A Tyroler; High-density lipoprotein cholesterol and cardiovascular disease. Four
prospective American studies.. Circulation 1989, 79, 8-15, 10.1161/01.cir.79.1.8.



High-density lipoprotein in skin diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/3517 12/28

10. I. Karalis; J. Wouter Jukema; HDL Mimetics Infusion and Regression of Atherosclerosis: Is It Still
Considered a Valid Therapeutic Option?. Current Cardiology Reports 2018, 20, 1-8, 10.1007/s118
86-018-1004-9.

11. Stephen J. Nicholls; Jordan Andrews; John J.P. Kastelein; Bela Merkely; Steven E. Nissen;
Kausik K. Ray; Gregory G. Schwartz; Stephen G. Worthley; Connie Keyserling; Jean-Louis
Dasseux; et al.Liddy GriffithSusan W. KimAlex JanssanGiuseppe Di GiovanniAnthony D.
PisanielloDaniel J SchererPeter J PsaltisJulie Butters Effect of Serial Infusions of CER-001, a
Pre-β High-Density Lipoprotein Mimetic, on Coronary Atherosclerosis in Patients Following Acute
Coronary Syndromes in the CER-001 Atherosclerosis Regression Acute Coronary Syndrome
Trial. JAMA Cardiology 2018, 3, 815-822, 10.1001/jamacardio.2018.2121.

12. Jane Armitage; Michael V. Holmes; David Preiss; Cholesteryl Ester Transfer Protein Inhibition for
Preventing Cardiovascular Events. Journal of the American College of Cardiology 2019, 73, 477-
487, 10.1016/j.jacc.2018.10.072.

13. Michael V. Holmes; Folkert W. Asselbergs; Tom M. Palmer; Fotios Drenos; Matthew B. Lanktree;
Christopher P. Nelson; Caroline E. Dale; Sandosh Padmanabhan; Chris Finan; Daniel I.
Swerdlow; et al.Vinicius TraganteErik P.A. Van IperenSuthesh SivapalaratnamSonia ShahClara C.
ElbersTina ShahJorgen EngmannClaudia GiambartolomeiJon WhiteDelilah ZabanehReecha
SofatStela McLachlanPieter A. DoevendansAnthony J. BalmforthAlistair S. HallKari E. NorthBerta
AlmogueraRon C. HoogeveenMary CushmanMyriam FornageSanjay R. PatelSusan
RedlineDavid S. SiscovickMichael Y. TsaiKonrad J. KarczewskiMarten H. HofkerW. Monique
VerschurenMichiel L. BotsYvonne T. Van Der SchouwOlle MelanderAnna F. DominiczakRichard
MorrisYoav Ben-ShlomoJackie PriceMeena KumariJens BaumertAnnette PetersBarbara
ThorandWolfgang KoenigTom R. GauntSteve E. HumphriesRobert ClarkeHugh WatkinsMartin
FarrallJames G. WilsonStephen S. RichPaul I.W. De BakkerLeslie A. LangeGeorge Davey
SmithAlex P. ReinerPhilippa J. TalmudMika KivimäkiDebbie A. LawlorFrank DudbridgeNilesh J.
SamaniBrendan J. KeatingAroon D. HingoraniJuan P. Casason behalf of the UCLEB consortium
Mendelian randomization of blood lipids for coronary heart disease. European Heart Journal
2015, 36, 539-550, 10.1093/eurheartj/eht571.

14. Giuseppe Danilo Norata; Angela Pirillo; Enrico Ammirati; Alberico L Catapano; Emerging role of
high density lipoproteins as a player in the immune system. Atherosclerosis 2012, 220, 11-21, 10.
1016/j.atherosclerosis.2011.06.045.

15. Christian M. Madsen; Anette Varbo; Børge G. Nordestgaard; Low HDL Cholesterol and High Risk
of Autoimmune Disease: Two Population-Based Cohort Studies Including 117341 Individuals.
Clinical Chemistry 2019, 65, 644-652, 10.1373/clinchem.2018.299636.

16. W. Sean Davidson; Thomas B. Thompson; The Structure of Apolipoprotein A-I in High Density
Lipoproteins. Journal of Biological Chemistry 2007, 282, 22249-22253, 10.1074/jbc.r700014200.



High-density lipoprotein in skin diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/3517 13/28

17. Javaheri, A.; Rader, D.J.; Apolipoprotein A-I and Cholesterol Efflux The Good, the Bad, and the
Modified. Circ. Res. 2014, 114, 1681–1683, https://doi.org/10.1161/CIRCRESAHA.114.303974.

18. Mary Sorci-Thomas; Michael J. Thomas; High Density Lipoprotein Biogenesis, Cholesterol Efflux,
and Immune Cell Function. Arteriosclerosis, Thrombosis, and Vascular Biology 2012, 32, 2561-
2565, 10.1161/atvbaha.112.300135.

19. Michael B. Fessler; John S. Parks; Intracellular Lipid Flux and Membrane Microdomains as
Organizing Principles in Inflammatory Cell Signaling. The Journal of Immunology 2011, 187,
1529-1535, 10.4049/jimmunol.1100253.

20. Pallavi Varshney; Vikas Yadav; N Saini; Lipid rafts in immune signalling: current progress and
future perspective. Immunology 2016, 149, 13-24, 10.1111/imm.12617.

21. Shu-Hui Wang; Shuguang Yuan; Dao-Quan Peng; Shuiping Zhao; HDL and ApoA-I inhibit antigen
presentation-mediated T cell activation by disrupting lipid rafts in antigen presenting cells.
Atherosclerosis 2012, 225, 105-114, 10.1016/j.atherosclerosis.2012.07.029.

22. Shi-Hui Law; Mei-Lin Chan; Gopal Kedihithlu Marathe; Farzana Parveen; Chu-Huang Chen;
Liang-Yin Ke; An Updated Review of Lysophosphatidylcholine Metabolism in Human Diseases.
International Journal of Molecular Sciences 2019, 20, 1149, 10.3390/ijms20051149.

23. Alan Brito Carneiro; Bruna Maria Ferreira Iaciura; Lilian Lie Nohara; Carla Duque Lopes; Esteban
Mauricio Cordero Veas; Vania Sammartino Mariano; Patricia Torres Bozza; Ulisses Gazos Lopes;
Georgia Correa Atella; Igor C. Almeida; et al.Mário Alberto Cardoso Silva-Neto
Lysophosphatidylcholine Triggers TLR2- and TLR4-Mediated Signaling Pathways but Counteracts
LPS-Induced NO Synthesis in Peritoneal Macrophages by Inhibiting NF-κB Translocation and
MAPK/ERK Phosphorylation. PLoS ONE 2013, 8, e76233, 10.1371/journal.pone.0076233.

24. Lloyd S. Miller; Robert L. Modlin; Toll-like receptors in the skin.. Seminars in Immunopathology
2007, 29, 15-26, 10.1007/s00281-007-0061-8.

25. Kawasaki, T.; Kawai, T.; Toll-like receptor signaling pathways. Front. Immunol. 2014, 5, 461, http
s://doi.org/10.3389/fimmu.2014.00461.

26. Sammy S.W. Kang; Lynda S. Kauls; Anthony A. Gaspari; Toll-like receptors: Applications to
dermatologic disease. Journal of the American Academy of Dermatology 2006, 54, 951-983, 10.1
016/j.jaad.2005.05.004.

27. Jamie E. McInturff; Robert L. Modlin; Jenny Kim; The Role of Toll-like Receptors in the
Pathogenesis and Treatment of Dermatological Disease. Journal of Investigative Dermatology
2005, 125, 1-8, 10.1111/j.0022-202x.2004.23459.x.

28. Athina Trakaki; Gunter J. Sturm; Gudrun Pregartner; Hubert Scharnagl; Thomas O. Eichmann;
Markus Trieb; Eva Knuplez; Michael Holzer; Julia T. Stadler; Akos Heinemann; et al.Eva M.
SturmGunther Marsche Allergic rhinitis is associated with complex alterations in high-density



High-density lipoprotein in skin diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/3517 14/28

lipoprotein composition and function. Biochimica et Biophysica Acta (BBA) - Molecular and Cell
Biology of Lipids 2019, 1864, 1280-1292, 10.1016/j.bbalip.2019.06.007.

29. Michael Holzer; Peter Wolf; Sanja Curcic; Ruth Birner-Gruenberger; Wolfgang Weger; Martin
Inzinger; Dalia El-Gamal; Christian Wadsack; Akos Heinemann; Gunther Marsche; et al. Psoriasis
alters HDL composition and cholesterol efflux capacity. Journal of Lipid Research 2012, 53, 1618-
1624, 10.1194/jlr.m027367.

30. Yiding Yu; Nikhil Sheth; Parasuram Krishnamoorthy; Babak Saboury; Anna Raper; Amanda Baer;
Rachel Ochotony; Julia Doveikis; Stephanie DerOhannessian; Abby S Van Voorhees; et al.Drew A
TorigianAbass AlaviJoel M GelfandNehal N. Mehta Aortic vascular inflammation in psoriasis is
associated with HDL particle size and concentration: a pilot study. American journal of
cardiovascular disease 2012, 2, 285-292.

31. Wynnis L. Tom; Martin P. Playford; Shehla Admani; Balaji Natarajan; Aditya A. Joshi; Lawrence F.
Eichenfield; Nehal N. Mehta; Characterization of Lipoprotein Composition and Function in
Pediatric Psoriasis Reveals a More Atherogenic Profile. Journal of Investigative Dermatology
2016, 136, 67-73, 10.1038/jid.2015.385.

32. Michael Holzer; Peter Wolf; Martin Inzinger; Markus Trieb; Sanja Curcic; Lisa Pasterk; Wolfgang
Weger; Akos Heinemann; Gunther Marsche; Anti-Psoriatic Therapy Recovers High-Density
Lipoprotein Composition and Function. Journal of Investigative Dermatology 2014, 134, 635-642,
10.1038/jid.2013.359.

33. Nehal N. Mehta; Ron Li; Parasuram Krishnamoorthy; Yiding Yu; William Farver; Amrith Rodrigues;
Anna Raper; Mackenzie Wilcox; Amanda Baer; Stephanie DerOhannesian; et al.Megan
WolfeMuredach P. ReillyDaniel J. RaderAbby VanVoorheesJoel M. Gelfand Abnormal lipoprotein
particles and cholesterol efflux capacity in patients with psoriasis. Atherosclerosis 2012, 224, 218-
221, 10.1016/j.atherosclerosis.2012.06.068.

34. Markus Trieb; Peter Wolf; Eva Knuplez; Wolfgang Weger; Christian Schuster; Miriam Peinhaupt;
Michael Holzer; Athina Trakaki; Thomas Eichmann; Achim Lass; et al.Christian WadsackRufina
SchuligoiAkos HeinemannGunther Marsche Abnormal composition and function of high-density
lipoproteins in atopic dermatitis patients. Allergy 2019, 74, 398-402, 10.1111/all.13620.

35. Birjmohun, R.S.; Kees Hovingh, G.; Stroes, E.S.G.; Hofstra, J.J.; Dallinga-Thie, G.M.; Meijers,
J.C.M.; Kastelein, J.J.P.; Levi, M.; Effects of short-term and long-term danazol treatment on
lipoproteins, coagulation, and progression of atherosclerosis: Two clinical trials in healthy
volunteers and patients with hereditary angioedema. Clin. Ther. 2008, 30, 2314–2323, https://doi.
org/10.1016/j.clinthera.2008.12.021.

36. Vassilis I Zannis; Angeliki Chroni; Kyriakos E Kypreos; Horng-Yuan Kan; Thais Borges Cesar;
Eleni E Zanni; Dimitris Kardassis; Probing the pathways of chylomicron and HDL metabolism



High-density lipoprotein in skin diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/3517 15/28

using adenovirus-mediated gene transfer. Current Opinion in Lipidology 2004, 15, 151-166, 10.10
97/00041433-200404000-00008.

37. Vassilis I. Zannis; F. Session Cole; Cynthia L. Jackson; David M. Kurnit; Sotirios K. Karathanasis;
Distribution of apolipoprotein A-I, C-II, C-III, and E mRNA in fetal human tissues. Time-dependent
induction of apolipoprotein E mRNA by cultures of human monocyte-macrophages. Biochemistry
1985, 24, 4450-4455, 10.1021/bi00337a028.

38. Vassilis I. Zannis; Panagiotis Fotakis; Georgios Koukos; Dimitris Kardassis; Christian Ehnholm;
Matti Jauhiainen; Angeliki Chroni; HDL Biogenesis, Remodeling, and Catabolism. Handbook of
Experimental Pharmacology 2014, 224, 53-111, 10.1007/978-3-319-09665-0_2.

39. Michael I. Mackness; Paul N. Durrington; HDL, its enzymes and its potential to influence lipid
peroxidation. Atherosclerosis 1995, 115, 243-253, 10.1016/0021-9150(94)05524-m.

40. Olivier Meilhac; Sébastien Tanaka; David Couret; High-Density Lipoproteins Are Bug Scavengers.
Biomolecules 2020, 10, 598, 10.3390/biom10040598.

41. Barter, P.J.; Brewer, H.B.; Chapman, M.J.; Hennekens, C.H.; Rader, D.J.; Tall, A.R.; Cholesteryl
Ester Transfer Protein A Novel Target for Raising HDL and Inhibiting Atherosclerosis. Arterioscler.
Thromb. Vasc. Biol. 2003, 23, 160–167, https://doi.org/10.1161/01.ATV.0000054658.91146.64.

42. Meng Zhang; Xiaobo Zhai; Jinping Li; John J. Albers; Simona Vuletic; Gang Ren; Structural basis
of the lipid transfer mechanism of phospholipid transfer protein (PLTP). Biochimica et Biophysica
Acta (BBA) - Molecular and Cell Biology of Lipids 2018, 1863, 1082-1094, 10.1016/j.bbalip.2018.0
6.001.

43. John J Albers; Marian C Cheung; Emerging roles for phospholipid transfer protein in lipid and
lipoprotein metabolism. Current Opinion in Lipidology 2004, 15, 255-260, 10.1097/00041433-2004
06000-00004.

44. Von Eckardstein, A.; Kardassis, D.; High Density Lipoproteins. Handbook of Experimental
Pharmacology 2015, 224, 13, 10.1007/978-3-319-09665-0.

45. Gary F. Lewis; Daniel J. Rader; New Insights Into the Regulation of HDL Metabolism and Reverse
Cholesterol Transport. Circulation Research 2005, 96, 1221-1232, 10.1161/01.res.0000170946.5
6981.5c.

46. Laurent Yvan-Charvet; Nan Wang; Alan R. Tall; Role of HDL, ABCA1, and ABCG1 Transporters in
Cholesterol Efflux and Immune Responses. Arteriosclerosis, Thrombosis, and Vascular Biology
2010, 30, 139-143, 10.1161/atvbaha.108.179283.

47. Cyrille Maugeais; Uwe J. F. Tietge; Uli C. Broedl; Dawn Marchadier; William Cain; Mary G.
McCoy; Sissel Lund-Katz; Jane M. Glick; Daniel J. Rader; Dose-Dependent Acceleration of High-
Density Lipoprotein Catabolism by Endothelial Lipase. Circulation 2003, 108, 2121-2126, 10.116
1/01.cir.0000092889.24713.dc.



High-density lipoprotein in skin diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/3517 16/28
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