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Abstract
Adenosine triphosphate–binding cassette subfamily B member 1 (ABCB1), also known as permeability glycoprotein, multidrug-
resistant protein 1, or cluster of differentiation 243 (CD243), is a crucial protein for purging foreign substances from cells. The 
functions of ABCB1 have been investigated extensively for their roles in cancer, stem cells, and drug resistance. Abundant 
pharmacogenetic studies have been conducted on ABCB1 and its association with treatment responsiveness to various agents, 
particularly chemotherapeutic and immunomodulatory agents. However, its functions in the skin and implications on dermato-
therapeutics are far less reported. In this article, we reviewed the roles of ABCB1 in dermatology. ABCB1 is expressed in the 
skin and its appendages during drug delivery and transport. It is associated with treatment responsiveness to various agents, 
including topical steroids, methotrexate, cyclosporine, azathioprine, antihistamines, antifungal agents, colchicine, tacrolimus, 
ivermectin, tetracycline, retinoid acids, and biologic agents. Moreover, genetic variation in ABCB1 is associated with the 
pathogenesis of several dermatoses, including psoriasis, atopic dermatitis, melanoma, bullous pemphigoid, Behçet disease, 
and lichen planus. Further investigation is warranted to elucidate the roles of ABCB1 in dermatology and the possibility of 
enhancing therapeutic efficacy through ABCB1 manipulation.
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Abbreviations
ABCB1  ATP-binding cassette subfamily B member 1
ATP  Adenosine triphosphate
MDR1  Multidrug-resistant protein 1
p-gp  Permeability glycoprotein
SNP  Single-nucleotide polymorphism

Introduction

Adenosine triphosphate (ATP)-binding cassette subfamily 
B member 1 (ABCB1), also known as permeability glyco-
protein (p-gp), multidrug-resistant protein 1 (MDR1), or 
cluster of differentiation 243 (CD243), is an ATP-dependent 

drug transporter that purges foreign substances from cells. 
It belongs to a transporter superfamily, the ATP-binding 
cassette (ABC) family, which consists of seven subfami-
lies (ABCA to ABCG), with 49 transporters identified in 
humans [1]. Each gene within the ABC superfamily is an 
ATP-dependent transporter; however, the tissue expression 
profiles, substrates, and physiological functions of ABC 
genes exhibit considerable variability. The ABCB subfam-
ily consists of 11 members, each with diverse distribution 
in cell membranes, mitochondria, and lysosomes and with 
functions related to metabolism, trafficking, adaptive immu-
nity, and excretion [2]. Among them, ABCB1 is the most 
investigated transporter, first identified in 1970 and cloned 
in 1985 [3, 4].

Gene and protein characteristics of ABCB1

ABCB1 is a 170-kD protein consisting of 1280 amino acids 
with two 6-transmembrane domains, each separated by a 
linker polypeptide chain, forming a central pore for drug 
efflux. The cytoplasmic regions contain nucleotide-binding 
domains, which confer conformational changes on binding 
to ATP. Notably, ABCB1 is well conserved across vari-
ous kingdoms, including animals of both mammalian and 
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nonmammalian classes, fungi, and bacteria [5]. ABCB1 
is mostly expressed in tissues with barrier functions, such 
as the brain, liver, kidney, intestine, testis, ovary, placenta, 
pancreas, endometrium, adrenal glands, and skin [6]. At the 
cellular level, ABCB1 is expressed abundantly in the plasma 
membrane, particularly at the apices of cells with excretion 
functions (i.e., the luminal side of the capillary endothelium 
of the blood–brain barrier) [7]. Moreover, ABCB1 is found 
in the endoplasmic reticulum (ER), Golgi apparatus, endo-
some, and lysosomes, which partly reflects the process of its 
trafficking to the plasma membrane (Fig. 1) [8].

Functions of ABCB1

The functions of ABCB1 have been extensively investigated 
for their roles in cancer, stem cells, and drug metabolism 
and resistance. The physiological functions of ABCB1 in 
healthy organs involve drug metabolism (Fig. 1). For exam-
ple, ABCB1 eliminates drugs absorbed from the gut with 
high expression in the intestinal endothelium as part of the 
first-pass effect. Moreover, its expression in renal cells is 
crucial for drug elimination. Abundant pharmacogenetic 
studies have been conducted on ABCB1 and its associa-
tion with treatment responsiveness to various agents, par-
ticularly chemotherapeutic and immunomodulatory agents. 
For instance, polymorphism in ABCB1 has been suggested 
to be related to treatment responses and toxicity of chemo-
therapeutic agents in breast cancer, osteosarcoma, colorec-
tal cancer, and lung cancer, although studies have reported 
varied results [9–12]. Approximately 50 single-nucleotide 
polymorphisms (SNPs) have been identified in ABCB1, 
with C3435T being the most investigated site. Some SNPs 

in specific loci of ABCB1 are reported to be associated with 
either increased or decreased expression, whereas some of 
the SNPs do not affect its expression levels [13]. For exam-
ple, 3435C > T, 2677G > TA, and − 129 T > C polymor-
phisms are associated with increased ABCB1 expression. 
Thus, ABCB1 polymorphisms may determine the pharma-
cokinetics, treatment responses, drug toxicity, and even risks 
of certain diseases. Furthermore, ABCB1 is involved in sub-
strate sequestration in lysosomes as part of drug resistance 
[14]. However, its functions in dermatology and associated 
therapeutics are far less reported. In the skin, the functions 
of ABCB1 are mainly thought to involve drug efflux. How-
ever, current evidence also suggests that ABCB1 is crucial 
for transepidermal drug delivery and affects the risk of 
developing several dermatoses.

ABCB1 in skin disorders

ABCB1 is involved in the pathogenesis of various skin dis-
orders. Furthermore, its polymorphism is related to the risk 
of certain dermatoses, ranging from malignancy to inflam-
matory dermatoses (Table 1).

Skin cancer

ABCB1 is the putative efflux pump for chemothera-
peutic agents in various skin malignancies, particularly 
melanoma. ABCB1 expression patterns and levels vary 
greatly in different melanoma cell lines and primary and 
metastatic cancer cells. Some studies have revealed that 
its overall expression in primary and metastatic mela-
noma is low [15, 16]. By contrast, some early studies 

Fig. 1  Cellular distribution 
of ABCB1 and its proposed 
functions. ABCB1, or p-gp, is 
mainly expressed in the plasma 
membrane for effluxing sub-
strates as well as maintaining 
stem cell properties. Further-
more, some studies have sug-
gested that ABCB1 is responsi-
ble for substrate influx, resulting 
in transepidermal drug delivery. 
ABCB1 is also found in other 
intracellular sites, including ER, 
Golgi apparatus, endosomes, 
and lysosomes, mainly as a 
result of protein trafficking
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have indicated high levels of ABCB1 through immuno-
histochemical staining or reverse transcription polymerase 
chain reaction in certain melanoma cell lines [17]. How-
ever, ABCB1 expression is high in its side population, 
which is a cell population distinct from the main popula-
tion of specific markers in flow cytometry and shares simi-
lar characteristics to cancer stem cells [18]. The enriched 
expression of ABCB1 in the side population was found to 
be related to metastasis ability, clonogenicity, and tumo-
rigenicity [19].

Psoriasis and psoriatic arthritis

Few studies have demonstrated the roles of ABCB1 in the 
pathogenesis of psoriasis and psoriatic arthritis. One study 
revealed that mRNA levels decreased in human skin with 
psoriasis [20]. Nevertheless, ABCB1 remains a crucial 
factor in the treatment of psoriasis and psoriatic arthritis, 
as ABCB1 is associated with the responsiveness of vari-
ous therapeutic agents. Such agents include cyclosporine, 
topical steroids, methotrexate, and etanercept.

Atopic dermatitis

Although strong evidence is lacking regarding to the asso-
ciation of atopic dermatitis with ABCB1 in humans, data 
from mouse models suggest that ABCB1 may be protec-
tive for pruritus and inflammatory burdens in atopic der-
matitis. In the mice atopic dermatitis model, scratch bouts 
increased in Mdr1a/1b/Bcrp-deficient mice with decreased 
ABCB1 expression. Moreover, ABCB1 expression levels 
decreased in the skin of patients with atopic dermatitis 
[20].

Bullous pemphigoid

ABCB1 is associated with the risk of developing bullous pem-
phigoid. In a Polish patient group, the risk for bullous pem-
phigoid was five times higher in patients carrying the 2677TA 
genotype and two times higher in those carrying the 2677TT 
genotype in ABCB1 [21]. Furthermore, the same group of 
researchers revealed that the 1236 T-2677G-3435 T haplotype 
in ABCB1 was less frequent in patients with bullous pemphi-
goid than in healthy controls. These SNPs are associated with 
the levels of cytokine and interleukin secretions as cellular 
responses to methotrexate and steroids [22].

Behçet disease

Some studies have reported that ABCB1 may be associated with 
Behçet disease. In a Turkish cohort, a combined CC–GG binary 
genotype for the C1236T–G2677T/A loci couple in ABCB1 was 
identified in the Behçet patient group, although the researcher 
did not observe a significant difference in ABCB1 SNPs within 
individual loci [23]. In Iranian–Azeri Turks, no association was 
observed between Behçet disease risk and SNPs in ABCB1. 
However, researchers discovered that C3435T polymorphism 
is associated with the risk of related symptoms, including ery-
thema nodosum, pseudofolliculitis, and skin lesions [24].

Lichen planus

In an Indian patient group, ABCB1 expression was signifi-
cantly increased in oral lichen planus, particularly after cor-
ticosteroid treatment [25]. Its degree of increase correlates 
with its severity because erosive oral lichen planus has higher 
ABCB1 levels than does reticular lichen planus. The change 
in ABCB1 expression may be part of the pathogenesis of 
malignant transformation and multidrug resistance [25].

Table 1  Dermatoses associated 
with ABCB1

SJS-TEN Stevens–Johnson syndrome and toxic epidermal necrolysis, DRESS drug reaction with eosino-
philia and systemic symptoms

Associated with ABCB1 No association Unknown

Psoriasis SJS-TEN [109, 110] DRESS [111] (probably)
Atopic dermatitis Pemphigus
Lichen planus Rosacea
Melanoma Acne (probably)
Bullous pemphigoid Other skin tumors
Behcet disease Sarcoidosis
Systemic lupus erythematosus Neutrophilic dermatoses

Urticaria
Ichthyosis
Dermatitis herpetiformis
Dermatomyositis
Alopecia [30] (probably)
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ABCB1 and dermatological therapeutic 
agents

ABCB1 is expressed in the epidermis, dermis, and skin 
appendages (Table 2). Studies of normal human skin 
have revealed that ABCB1 expression is more abundant 
in the dermis than in the epidermis. At the protein level, 
immunostaining revealed ABCB1 signals on the basal 
keratinocytes, sweat glands, vessels, adipocytes, nerve 
sheaths, and musculature [26]. The staining pattern is 
largely consistent with the murine model of ABCB1 
expression and is mainly restricted to the dermis [27]. 
Moreover, ABCB1 is expressed in suprabasal keratino-
cytes in healthy individuals and patients with psoriasis 
[28].

In the dermis, sebocytes are enriched in ABCB1 and 
involved in sebum secretion [29]. Cutibacterium acnes 
upregulates ABCB1 in sebocytes along with increased tri-
glyceride secretion [29]. Moreover, ABCB1 is expressed in 
the epithelium of hair follicles, such as the bulb, the bulge, 
suprabulbar regions, and associated vasculatures, in the con-
nective tissue sheath [30]. The proposed roles of ABCB1 in 
hair follicles include effluxing drugs and maintaining stem 
cell properties.

ABCB1 and transepidermal drug delivery

In the skin, although the functions of ABCB1 are mainly 
centered on drug efflux, ABCB1 is also crucial for drug 
delivery through the transepidermal route [27]. Evidence 
from ABCB1 knockout (Mdr1a/1b−/−) mice has sug-
gested that ABCB1 is also crucial in transepidermal deliv-
ery of selective topical agents on the skin [27, 30–32]. 

ABCB1-deficient (Mdr1a/1b−/−) mice exhibited reduced 
transepidermal delivery of rhodamine 123 to the dermis 
and plasma, and this effect was even more pronounced in 
(Mdr1a/1b/bcrp[breast cancer resistance protein]−/−) triple 
knockout mice [32]. The authors observed a similar phenom-
enon in topically applied prednisolone and dexamethasone, 
and in vitro studies have demonstrated that ABCB1 rather 
than breast cancer resistance protein is mainly responsible 
for the phenotype [31].

ABCB1 and metabolism of dermatologic therapeutic 
agents

Various dermatologic agents, both topical and systemic, are 
associated with ABCB1. The agents can be the substrates, 
inducers, or inhibitors of ABCB1 (Table 3). Many derma-
tologic therapeutic agents share overlapping or even con-
tradictory features. For example, ivermectin, cyclosporine, 
tacrolimus, and erythromycin are both inducers and inhibi-
tors according to different investigations. When other drugs 
are administered along with those dermatologic therapeutic 
agents, considering their effects on drug metabolism and 
interaction is crucial because the activities of ABCB1 are 
altered.

Diets and herbs modulating ABCB1 activity

Diet and herbs modulate ABCB1 activities (Table 4). Isoflavone-
rich foods, such as miso and soymilk, are ABCB1 activators and 
may reduce drug concentrations [33]. For example, some soy-
derived food items, including soymilk and miso, induce ABCB1 
expression and thus reduce intracellular cyclosporine levels. In 
those consuming soymilk and miso, the maximal concentration 

Table 2  Expression of ABCB1 on the skin

*The relative expression is based on the comparison of immunohistochemistry of anti-p-gp antibody [26, 43]

Skin compartment Relative expression* Functions

Epidermis
Keratinocytes Intermediate ABCB1 mostly detected in the suprabasal keratinocytes [28]
Dermis
Vasculature High Presumed functions for drug transport to the bloodstream and barriers of xenobiotics [26]
Adipocyte Intermediate Functions unknown [26]
Nerve sheath High Functions unknown [26]
Musculature High Functions unknown [26]
Appendages
Sebaceous glands Undetermined in human ABCB1 expressed in the murine sebocytes; may be involved in the pathogenesis of acne [29]
Hair follicles High Highest expression on the inner root sheath, outer root sheath, connective tissue sheath, 

and arrector pili muscle; also expressed on the epithelium and dermal papillae. May be 
involved in stem cell features [27, 30]

Sweat glands High Presumed functions for drug transport to the sweat ducts [26]
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of ABCB1 decreased by 64.5% and 78.3%, and its area under the 
curve decreased by 64.9% and 78.3%, respectively [33].

Similarly, common ingredients of beverages and herbal 
medicines, such as aloe, Camellia sinensis, Hypericum per-
foratum, Ginkgo biloba, Coptidis rhizoma, Eruca vesicaria, 
and rhubarb, are also ABCB1 activators [34–38]. Conversely, 

some common condiments and herbal medicines, such as 
Folium Sennae, silymarin, curcumin, and piperine, are 
ABCB1 inhibitors [35, 39]. Furthermore, dietary flavonoids, 
such as quercetin and rutin, inhibit ABCB1 [40]. Therefore, 
considering dietary factors in the real-word clinical setting is 
crucial when patients use these agents concomitantly.

Table 3  Common dermatologic agents associated with ABCB1

*Contradictory results from different studies are listed

P-gp modifiers Diseases

P-gp substrates
Colchicine Gout, urticarial vasculitis
Cyclosporine Psoriasis, atopic dermatitis, urticaria, pyoderma gangrenosum, Behçet’s disease, etc.
Dexamethasone Widely used immunosuppressant
Doxycycline Widely used antibiotic and anti-inflammatory agent
Erythromycin Acne, rosacea, erythrasma, pityriasis lichenoides
Fexofenadine Widely used antihistamine
Itraconazole Fungal infection, eczema, seborrheic dermatitis
Ivermectin Parasitic infection, demodicosis
Ketoconazole Fungal infection, seborrheic dermatitis
Methotrexate Psoriasis, psoriatic arthritis, atopic dermatitis, pityriasis lichenoides, PLEVA (Pityriasis lichenoides 

et varioliformis acuta), morphea, pompholyx, cutaneous lupus erythematosus, lichen planus
Methylprednisolone Widely used immunosuppressant
Sirolimus Renal transplant
Tacrolimus Atopic dermatitis
Terfenadine Widely used antihistamine
Tetracycline Widely used antibiotic and anti-inflammatory agent

P-gp inhibitors
Cetirizine Widely used antihistamine
Cyclosporine* Psoriasis, atopic dermatitis, urticaria, pyoderma gangrenosum, Behçet’s disease, etc.
Erythromycin* Acne, rosacea, erythrasma, pityriasis lichenoides
Itraconazole Fungal infection, eczema, seborrheic dermatitis
Ivermectin* Parasitic infection, demodicosis
Ketoconazole Fungal infection, seborrheic dermatitis
Retinol Acne, psoriasis, palmoplantar keratoderma, pityriasis rubra pilaris, Darier disease, lichen planus, etc.
Sirolimus Renal transplant
Tacrolimus* Atopic dermatitis
Terfenadine Widely used antihistamine

P-gp inducers
Clotrimazole Fungal infection
Colchicine Gout, urticarial vasculitis
Cyclosporine* Psoriasis, atopic dermatitis, urticaria, pyoderma gangrenosum, Behçet’s disease, etc.
Dexamethasone Widely used immunosuppressant
Doxycycline Widely used antibiotic and anti-inflammatory agent
Erythromycin* Acne, rosacea, erythrasma, pityriasis lichenoides
Ivermectin* Parasitic infection, demodicosis
Methotrexate Psoriasis, psoriatic arthritis, atopic dermatitis, pityriasis lichenoides, PLEVA, morphea, pompholyx, 

cutaneous lupus erythematosus, lichen planus
Retinoid acid (i.e., tretinoin, bexarotene) Acne, psoriasis, palmoplantar keratoderma, pityriasis rubra pilaris, Darier disease, lichen planus, etc.
Tacrolimus* Atopic dermatitis
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Topical corticosteroids

ABCB1 and transepidermal delivery of selective topical 
steroids

Various steroids are ABCB1 substrates. The association 
between ABCB1 and systemic corticosteroids has been 
extensively studied. However, relatively few reports have 
shown how ABCB1 in the skin affects the treatment effects 
of topical corticosteroids. Hashimoto et al. revealed that 
ABCB1 is involved in the transepidermal delivery of pred-
nisolone and dexamethasone to the bloodstream in a mouse 
model [31]. Furthermore, several key amino acids were 
identified in the nucleotide-binding domain of ABCB1 for 
its interaction with various corticosteroids, including dexa-
methasone and triamcinolone acetonide. The interaction 
sites varied across different steroid types because of varia-
tions in their structures [41].

ABCB1 for treatment responsiveness to topical steroids

Studies have indicated that ABCB1 in the skin may be 
involved in the treatment resistance to corticosteroids in 
addition to drug absorption. ABCB1 is more upregulated 
in psoriasis skin resistant to topical corticosteroids than 
in psoriasis skin responsive to topical corticosteroids 
and normal skin [42]. Moreover, ABCB1 upregulates in 
human skin after topical corticosteroid application. These 
results are consistent with evidence from in vitro stud-
ies of dexamethasone in cell lines [43, 44]. Notably, SNP 
G1199A in ABCB1 increases the resistance, intracellular 

drug accumulation, and efflux of several specific steroids. 
These include aldosterone, dexamethasone, cortisol, and 
corticosterone [45]. This evidence suggests a regula-
tory mechanism for ABCB1 in the resistance to topical 
corticosteroids.

Systemic agents

Antifungal agents

Both itraconazole and ketoconazole are ABCB1 inhibitors 
(Table 3). In vitro studies have indicated that itraconazole 
and ketoconazole, being ABCB1 inhibitors, hampered 
ABCB1-mediated drug efflux in mammalian cell lines, 
whereas such activities were not observed with fluconazole 
[46, 47]. Notably, itraconazole-mediated ABCB1 inhibi-
tion is substrate dependent, as varied inhibitory effects were 
observed with the administration of different substrates [47].

Itraconazole and ketoconazole are also ABCB1 sub-
strates responsible for drug efflux and transepidermal drug 
delivery. In an experimental model, Ito et al. determined 
that transepidermal transport was hindered with topical itra-
conazole in ABCB1-deficient mice. Consistent with this 
finding, when itraconazole was administered intravenously, 
the itraconazole level was higher on the skin of knockout 
mice than on the skin of normal mice [27]. The aforemen-
tioned evidence suggests that the interaction among ABCB1 
and various antifungal agents is relatively complex and even 
reciprocal.

Table 4  Diets and herbs 
modulating ABCB1 activities

Diet and herbs Usage

ABCB1 inducers
Aloe Laxatives, flavoring
Camellia sinensis Beverages
Coptidis rhizoma Various usage in traditional medicine
Eruca vesicaria Culinary usage
Ginkgo biloba Culinary usage; traditional medicine; dietary supplement
Hypericum perforatum Traditional medicine
Miso Culinary usage
Rhubarb Culinary usage; traditional medicine
Soymilk Beverages
ABCB1 inhibitors
Curcumin Culinary usage
Folium Sennae Laxatives
Piperine Culinary usage
Quercetin Found in dietary supplements, beverages, and foods
Rutin Found in vegetables and fruits
Silymarin Treatment of toxic liver damage
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Antihistamines

Selective antihistamines as substrates or inhibitors 
of ABCB1

Various antihistamine classes have been proposed as sub-
strates or inhibitors of ABCB1, which is associated with the 
adverse effects of and treatment responsiveness to antihis-
tamines. As substrates, the association of drug efflux with 
ABCB1 among different individual antihistamines varies 
greatly and has been extensively investigated. ABCB1-
mediated efflux is a crucial mechanism in antihistamine 
transport across the blood–brain barrier to exert its effect 
on the central nervous system (CNS). This phenomenon has 
been reported in various H1 antihistamines, including acriv-
astine, astemizole, levocetirizine, terfenadine, desloratadine, 
azelastine, misolastine, and epinastine [48]. Nevertheless, 
some contradictory results exist because desloratadine was 
reported to be a nonsubstrate for ABCB1 in a related study 
[49].

Most antihistamines are ABCB1 substrates, but some 
antihistamine classes are ABCB1 inhibitors. For example, 
cetirizine downregulates ABCB1 in vitro [50]. Similarly, ter-
fenadine demonstrated strong inhibitory effects on ABCB1 
in vitro [51]. However, in vivo evidence for the regulatory 
effects of antihistamines in ABCB1 expression on the skin 
is scant.

Fexofenadine as a complex model of ABCB1 interaction 
with antihistamines

Notably, fexofenadine, a second-generation antihistamine 
widely prescribed worldwide, has been extensively inves-
tigated. The results have indicated that ABCB1 is crucial 
for its transport and metabolism and plays a role in its side 
effects. ABCB1 is expressed on the apical aspect of the intes-
tinal endothelium and expels fexofenadine from the intracel-
lular space back to the gastrointestinal lumen [52]. Early 
studies in canines indicated that mutant ABCB1 resulted in 
modestly increased serum concentrations of fexofenadine, 
which is suggestive of its role in intestinal absorption [53]. 
Animal studies have revealed that ABCB1-deficient mice 
had a five- and nine-time increase in its levels in the plasma 
and brain [54]. Moreover, ABCB1 preferentially trans-
ports (S)-fexofenadine over (R)-fexofenadine according to 
studies with canine models [55]. However, human studies 
have yielded varied results. In Caucasian people, ABCB1 
G2677A polymorphism has been reported to be only partly 
associated with lower serum maximal concentration and 
slightly increased clearance but not other pharmacokinetic 
parameters [56, 57]. Efflux activities for fexofenadine are 
associated with ABCB1 C3435T polymorphism [58]. By 
contrast, another study found no difference in fexofenadine 

pharmacokinetics with ABCB1 genetic polymorphism [59]. 
In Jordanian patients, ABCB1 C1236T was associated with 
decreased treatment responses for men with fexofenadine-
induced allergic symptoms [60].

Similarly, polymorphism in ABCB1 is also associated 
with the pharmacokinetics of other antihistamines. In a 
Chinese population, ABCB1 C3435T was associated with 
rupatadine metabolism because healthy individuals carry-
ing homozygous T/T alleles in this locus revealed shortened 
time of maximal concentration (Tmax) as well as decreased 
area under the curve [61]. Furthermore, for ebastine, poly-
morphism in ABCB1 C3435T is associated with its urine 
excretion in humans. Participants carrying homozygous C/C 
alleles in this locus exhibited higher urine excretion than 
those with C/T and T/T alleles [62].

Azathioprine

The literature has no direct evidence indicating the asso-
ciation of ABCB1 polymorphism with treatment responses 
to azathioprine in skin disorders. However, several studies 
have revealed that ABCB1 polymorphism affects azathio-
prine toxicity and metabolism. In a Korean cohort of pedi-
atric patients with inflammatory bowel disease, rs2032582 
in ABCB1 was associated with the ratio of 6-thioguanine 
nucleotide to azathioprine, which is related to its toxicity 
[63].

Biological agents

Most of the evidence regarding the interaction of ABCB1 
and biological agents arises from rheumatology patients, but 
this interaction may indicate possible interactions in der-
matology. Etanercept downregulated ABCB1 on peripheral 
CD4 + and CD19 + lymphocytes in patients with rheuma-
toid arthritis and thus reverses the elimination of intracel-
lular dexamethasone through ABCB1 [64]. Moreover, Yan 
et al. found an association of rs2032582 and rs1128503 
polymorphisms of ABCB1 with treatment responsiveness 
to etanercept in a Chinese Han population with ankylosing 
spondylitis [65].

Colchicine

Colchicine is both a substrate and an inducer of ABCB1. 
ABCB1 was initially identified in colchicine-resistant Chi-
nese hamster ovary cells [66]. Cellular studies have indicated 
that colchicine efflux, as an ABCB1substrate, is pH-sensitive 
and ATPase-dependent. Lowering pH levels may result in 
diminished efflux and thus greater colchicine absorption 
[67]. Moreover, colchicine is an ABCB1 inducer. In vitro 
assays revealed that colchicine increased ABCB1 expres-
sion [68].
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ABCB1 polymorphism has been studied in relation to 
treatment responsiveness to colchicine. In a Turkish cohort of 
patients with familial Mediterranean fever, C3435T polymor-
phism in ABCB1 was associated with colchicine unresponsive-
ness because increased T allele frequency was noted among the 
unresponsive group [69, 70]. Similarly, in a Turkish cohort of 
patients with Behçet disease, the C3435T and G2677T/A poly-
morphisms were associated with responsiveness to colchicine. 
Higher frequencies of T alleles and TT genotypes were identi-
fied in C3435T, and higher frequencies of T alleles were identi-
fied in G2677T [23]. By contrast, another Turkish group found 
no association between ABCB1 C3435T polymorphism and 
colchicine responsiveness in patients with Behçet disease [71].

Cyclosporine

Cyclosporine is regarded as a substrate, inducer, and inhibitor 
of ABCB1. Current evidence indicates that ABCB1 is cru-
cial in cyclosporine metabolism and determines its treatment 
responsiveness. As a substrate, human studies have revealed 
that ABCB1 in the intestines is crucial for oral absorption 
of cyclosporine through the first-pass effect [72]. Moreover, 
cyclosporine levels in tissues, particularly the brain, was signif-
icantly higher in MDR1a-deficient mice following intravenous 
cyclosporine administration, which is suggestive of its roles in 
drug excretion [73]. Cyclosporine also inhibits ABCB1 expres-
sion in the peripheral blood monocytes of patients with psori-
atic arthritis and reverses the resistance to methotrexate [74]. In 
practice, the coadministration of cyclosporine and colchicine 
was reported to cause colchicine toxicity due to cyclosporine-
related ABCB1 inhibition [75]. By contrast, an early study 
demonstrated that cyclosporine increased the mRNA levels of 
ABCB1 in a colon carcinoma cell line [76]. The cell machin-
ery, condition, and substrates may contribute to the diverse 
roles of cyclosporine in ABCB1 regulation.

A meta-analysis revealed that ABCB1 C3435T poly-
morphism is crucial for cyclosporine pharmacokinetics in 
kidney-transplant patients [77]. In a study of patients with 
Greek psoriasis, ABCB1 C3435T polymorphism was found 
to be associated with unresponsiveness to cyclosporine. 
Patients carrying allele 3435T exhibited lower ABCB1 
activity compared with those carrying allele 3435C [78].

Ivermectin

ABCB1 and ivermectin in animal models

Most of the reviewed studies for ABCB1 and ivermectin were 
derived from investigations in canines and felines, with proposed 
functions as an ABCB1 substrate, inducer, and inhibitor. Ivermec-
tin is used extensively in dermatology for the treatment of demodi-
cosis, scabies, and various parasites and is now a candidate drug for 
coronavirus disease 2019 (COVID-19) in some studies [79–81].  

ABCB1 is associated with resistance to ivermectin in animals 
because ivermectin is a substrate of ABCB1 [82]. In an early 
study with mouse models, Schinkel et al. observed that the 
neurotoxicity of systemic ivermectin was higher in mice defi-
cient in the MDR1a gene than in normal mice. Furthermore, 
the ivermectin concentration was 27–87 times higher in the 
brains of knockout mice than in normal mice, which might be 
attributed to the disruption of its functions in the blood–brain 
barrier [7, 83, 84]. In MRD1ab-deficient mice, oral ivermectin 
hindered intestinal clearance and increased plasma ivermectin 
concentration [84].

Notably, several lines of evidence also support the notion that 
ivermectin is either an inhibitor or inducer of ABCB1. One study 
suggested that ivermectin inhibits ABCB1. The drug decreased 
ABCB1 expression indirectly by inhibiting EGFR and its down-
stream extracellular signal-regulated kinase (ERK)/Akt/nuclear 
factor kappa-light-chain-enhancer of activated B cells (NF-κB) 
signaling [85]. Furthermore, ex vivo studies on rat intestines 
have suggested that ivermectin interferes with ABCB1-mediated 
efflux of the intestine lumen and reduces its ATPase activity 
[86–89]. However, several cell line studies have demonstrated 
that ivermectin induces ABCB1 expression, including the cells 
derived from murine and Drosophilas [90, 91].

ABCB1 and ivermectin in humans

A few investigations on human have reported that ABCB1 
influences the treatment effects and adverse events of iver-
mectin. In a Ghanaian population with onchocerciasis, the 
percentage of C3435T in ABCB1 was found to be almost 
two times higher in suboptimal responders to ivermectin 
than in nonresponders [92]. Notably, in a small group of 
Cameroonian patients, those with ivermectin-induced severe 
CNS adverse events tended to exhibit a higher frequency of 
ABCB1 1236 T/2677G/3435 T haplotype [93]. Furthermore, 
one study reported that nonsense mutations of c.2380C → T 
and c.3053_3056delITTGA in ABCB1 resulted in ivermec-
tin intoxication with the usual dosage in humans [94].

Methotrexate

Methotrexate is an inducer and possibly also a substrate of 
ABCB1. Highlighting its role as an inducer, an in vitro study 
revealed that the addition of methotrexate increased ABCB1 
protein level in synoviocytes [95]. Furthermore, some 
authors proposed that methotrexate may also be a substrate 
of ABCB1 on the basis of the pharmacokinetics in ABCB1 
polymorphism studies [96].

In dermatology, ABCB1 polymorphism is related to 
methotrexate responsiveness in psoriasis. In Chinese patients 
with psoriasis, ABCB1 rs1045642 TT genotype is associated 
with poor responsiveness to methotrexate, particularly in 

1534 Journal of Molecular Medicine (2021) 99:1527–1538



1 3

patients with moderate to severe psoriasis [97]. Other inves-
tigations involving methotrexate and ABCB1 have mainly 
focused on rheumatoid arthritis and malignancy. Surpris-
ingly, in patients with systemic lupus erythematosus, rela-
tive to methotrexate nonresponders, those that responded to 
methotrexate exhibited a higher ABCB1 expression level in 
polymorphous neutrophils and mononuclear cells [98]. By 
contrast, in a series of studies with subcutaneous rheuma-
toid nodules, no correlation was observed between ABCB1 
expression and methotrexate treatment responses [99].

Retinoid acids

Of various classes of retinoid acids, tretinoin was reported to 
induce ABCB1 expression in in vitro assays [100, 101]. More-
over, bexarotene induces ABCB1 in vitro [102]. By contrast, a 
cellular study revealed that retinol exerts inhibitory effects on 
ABCB1 expression [103].

Tacrolimus

Tacrolimus is a substrate and inhibitor of ABCB1. A 
meta-analysis revealed that ABCB1 C3435 polymorphism 
is crucial for tacrolimus pharmacokinetics in renal trans-
plant patients [104]. For patients with rheumatoid arthritis, 
ABCB1 expression level correlates with treatment respon-
siveness to systemic corticosteroids. This phenomenon is 
explained by the inhibitory effects of tacrolimus on ABCB1, 
which then extrudes intracellular corticosteroids [105].

Tetracyclines

Cellular studies have indicated that tetracycline resistance is 
mediated by ABCB1 [106, 107]. Furthermore, in a study with 
cancer cell lines, doxycycline upregulated ABCB1 [108].

Conclusions

Growing evidence suggests that ABCB1 manipulation may be 
a strategy to optimize treatment effects in dermatology. First, 
variations in ABCB1 are associated with the risk of adverse 
effects of ivermectin, azathioprine, and various antihista-
mines. Second, variations in ABCB1 are associated with treat-
ment responsiveness to many crucial dermatologic agents, 
including colchicine, biologic agents, cyclosporine, antihis-
tamine, methotrexate, and topical steroids. Third, ABCB1 is 
crucial for transepidermal delivery of topical agents, nota-
bly topical corticosteroids. ABCB1 expression increases in 
erosive lichen planus, which may contribute to therapeutic 
refractoriness to topical corticosteroids. Finally, food may 
also play a considerable role in ABCB1 expression, and 
may affect the efficacy and safety of some medications, such  

as cyclosporine. However, we must interpret the data care-
fully because many of the studies were performed in cell lines 
instead of primary culture and in vivo studies. The regula-
tory mechanism may differ among these processes, and the 
data do not reflect the processes in vivo. Because the role of 
ABCB1 in malignancy has been studied extensively, further 
investigation is warranted to elucidate the roles of ABCB1 in 
nonneoplastic dermatologic diseases.
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