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Acanthosis nigricans: To be or not to be afraid (Review)
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Abstract. Acanthosis nigricans (AN), a skin disorder with high
prevalence, represents a dermatological condition with esthetic
implications, but otherwise mild symptoms. For any clinician,
it is in fact the tip of the iceberg, leading him/her to investigate
what lies beneath the surface, since AN points to a systemic
problem or disease: metabolic disorder (most frequently),
endocrine syndrome, medication side effects, malignancy, and
genetic factors. Sometimes, it is the first observed sign of a
malignancy or of diabetes mellitus, especially in patients with
chronic metabolic disorder; therefore, it is not to be taken lightly.
The present review summarizes the information in literature
regarding the etiopathogenesis of AN. We propose a new classification that aims to better organize the different types of AN,
with implications on the extent and urgency of the investigation
plan, as well as various therapeutic algorithms. Therapy options
are also presented, both systemic treatments that target the
underlying disease, and local ones for esthetic reasons.
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1. Introduction
Considered as an endocrine organ, the skin can be also seen
as a mirror for many tumoral and nontumoral diseases. Many
skin conditions appear to be the result of hormonal disfunctions, both hormone excess and hormone deficiency/resistance,
as well as growth factor pathological signaling (1).
Acanthosis nigricans (AN) is rather poorly defined as
a dermatological disease by itself and more as a common
dermatological manifestation of systemic disorders. It presents
a collection of traits: dark-brown hyperpigmentation accompanied by a local thickening of the skin and a velvety texture. The
usual distribution of the lesions is symmetrical, concerning
areas of the body with skin folds: the neck, axillae, forehead,
antecubital and popliteal fossae, groin and umbilicus. The
neck is most frequently affected, especially in children. The
distribution pattern of AN with high frequency on the neck
and axillae can be caused by potentiator cofactors such as friction or perspiration (2). Mechanical factors have an important
role in proliferation of skin keratinocytes, their influence being
integrated by complex cellular signaling.
Other areas that may be involved are conjunctiva, lips,
eyelids, flexor and extensor surface of elbows and knees,
knuckles - dorsal face, external genitalia, areolae, inner face
of thighs and anus. In some cases, especially when associated
with malignancies, AN may interest the mucosa of the oral
cavity, esophagus, nose or larynx (3-5).
The first case was described in 1889 by Paul Gerson Unna,
in a patient presenting with ‘widespread pigmentation and papillary hypertrophy’, the term AN, proposed by Unna, being coined
later (1891) in publications by Pollitzer and Janovsky (6). AN is
a skin condition, either associated with benign endocrine disorders, mostly with obesity and insulin resistance, or appearing as
a paraneoplastic sign in various malignancies (7,8).
As a skin lesion, AN is usually asymptomatic. It typically occurs before the age of 40, most frequently in Native
Americans, followed by Africans, Hispanics, Caucasians and
rarely in Asians. Hud et al demonstrated predominance of AN
in black women when compared to white women (9).
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2. Methods

Table I. Proposed classification of AN.

A literature review of AN was performed by searching the
PubMed and MEDLINE databases for all related English
published articles. The research of literature is focused on
pathogenesis of AN, in studies published in the last 5 years.

AN group

AN form

Metabolic
disorders

Obesity associated AN
Syndromic: - Type A
- Type B

3. Etiology

Genetic
disorders

Unilateral acanthosis nigricans
Familial acanthosis nigricans
Benign genetic acanthosis nigricans

Autoimmune AN

AN associated with a known
autoimmune disease
AN associated only with autoantibodies

Paraneoplastic AN

AN associated with wide range
of neoplasia

Iatrogenic AN

Medication side effect AN

Idiopathic AN

Acral AN

Mixed-type AN

AN lesions in relation with any
two forms from above, one form
frequently paraneoplastic

Several causes have been described for AN, resulting in
multiple classifications. Some clinicians consider two groups:
benign and paraneoplastic (10), while others consider three
groups: benign, malignant, and syndromic (11,12). Another
more complex and useful classification, proposed by Sinha and
Schwartz, is based on etiological criteria (13). We propose the
following classification, to better group and understand AN
pathology (Table I).
Metabolic disorders
Obesity associated AN is the most frequent form, lesion
severity being related with weight excess. Lesions are often
slowly reversible after weight loss. It is more common in obese
patients with insulin resistance (14-16).
Syndromic AN is a form associated with a syndrome, and
two types have been described: type A (HAIR-AN) presents
with hyperandrogenemia (HA), insulin resistance (IR) and
AN; type B presents with diabetes mellitus and ovarian hyperandrogenemia.
Genetic disorders
Unilateral AN is a rare inherited autosomal dominant
form, which can occur at any age, not related to endocrinopathy. Lesions are unilateral and appear especially in the
periumbilical area, back and thighs (17,18).
Familial AN is a rare autosomal dominant disease. The
condition has a self-limited evolution, which commonly develops
from early childhood and stabilizes or recedes after a continuous
progress till puberty. However, it may appear at any age (19).
Benign genetic AN develops from birth or early childhood,
as a rare autosomal dominant form.
Autoimmune disorders. Autoimmune AN is usually determined
by anti-insulin receptor antibodies that appear in autoimmune
diseases (e.g., systemic lupus erythematosus) (20-22). Cases
of AN accompanied by autoimmune manifestations but
not type B insulin resistance, which responded to systemic
immunosuppressive therapy, have been reported (21,22). It has
been speculated that some unknown autoantibodies other than
the insulin-receptor antibody might generate mucocutaneous
lesions found in AN. Some patients with AN who are positive
for antinuclear antibodies (ANA), antimicrosomal antibodies
(AMA) or show increased immunoglobulin levels might
associate with disordered immunoreactivity not fitting any
clinically recognizable syndromes (23).
Paraneoplastic AN, also called malignant AN. Lesions are
induced by an internal malignancy and are clinically indistinguishable from benign forms, although they are often associated
with intense pruritis. They usually have a rapid onset, either
preceding, accompanying, or following the diagnosis of internal

AN, acanthosis nigricans.

cancer. Paraneoplastic AN occurs in the course of adenocarcinomas of abdominal organs and genitourinary cancers. Lung
cancer, thyroid cancer and lymphoma are rarely associated
with AN. Lesion progression mirrors the development of the
tumor: the efficient treatment leads to AN regression, whereas
recrudescence may suggest recurrence of the malignancy (24).
Iatrogenic disorders. AN may appear as an adverse effect of
several medications that promote hyperinsulinemia: nicotinic
acid, niacin, glucocorticoids, stilbestrol, methyltestosterone,
estrogen, combined oral contraceptive pill, pituitary extract
and growth hormone therapy (25). Although skin lesions are
reversible when discontinuing treatment, the decision should
be made according to the severity of the disease for which
the treatment was administered. Erickson et al observed in
rare cases that, at the site of insulin injection, AN lesion can
appear as side effect. However, it has been proved that, with
the correct insulin type prescription and proper administration
technique, the development of AN may be prevented (26,27).
Idiopathic AN. Acral AN occurs in some healthy, dark-skinned
individuals. It is limited to dorsal surfaces of the hands and
feet and less to elbows, knees and knuckles (28-30). It may be
caused by yet unknown genetic factors that will later classify
it in the group of genetic disorders (31).
Mixed-type AN. Combines two or more of the forms presented
above. Usually, paraneoplastic new lesions add to older ones of
other etiology (2).
4. Diagnosis
The diagnosis of AN is clinical, the confirmation being
provided by a skin biopsy. The histological pattern of the
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lesion is common in all forms of AN, comprising hyperkeratosis, epidermal folding, proliferation of melanocytes in
the basal layer of the epidermis, leukocyte infiltration. The
hyperpigmentation seems to result rather from thickening and
hyperkeratosis than from excess of melanin (32). In malignant
AN the dominant feature is hyperkeratosis, due to proliferation
of keratinocytes, while the hyperpigmentation is minimal (7).
5. Pathological conditions and disorders associated with
acanthosis nigricans
AN is considered a pigmentary dermatological disorder, that
may accompany multiple endocrine pathologies. It has been
commonly associated with obesity, insulin-resistant diabetes,
polycystic ovary disease, hirsutism, Cushing syndrome,
Addison disease, hypothyroidism, acromegaly and gigantism.
The association of AN with rare diseases such as pinealoma,
Cushing pituitary basophilism, ovarian hyperthecosis, stromal
luteoma, ovarian dermoid cysts, Prader-Willi syndrome, leprechaunism, lipoatrophic diabetes, pineal hyperplasia syndrome,
and Alstrom syndrome has also been described (33-40).
Multiple factors can be incriminated in the development of
AN. Insulin resistance stands out as the most frequent of them.
Insulin resistance can be classified in three types: type A characterized by the reduced number and dysfunction of insulin
receptors; type B presenting antibodies against insulin receptors; and type C caused by a post-receptor defect (41,42).
Hyperinsulinemia is regularly correlated with AN and
the treatment of associated endocrine disorders like hypothyroidism is not always followed by regression of either the
hyperinsulinemia or the AN. Insulin resistance is a disorder
characterized by an inappropriate response of target cells
to normal levels of insulin, followed by adaptive hyperinsulinemia. The most common cause of insulin resistance is the
adipose tissue excess, responsible for many metabolic effects:
increased circulating amounts of free fatty acids that directly
interfere with insulin signaling, diminished muscle glucose
uptake, increased gluconeogenesis in liver and exaggerated
triglyceride synthesis. The adipose tissue further stimulates
progression of AN through various adipokines such as: leptin,
adiponectin, tumor necrosis factor-α and interleukin-6 (43,44).
When the excess insulin needed can no longer be secreted by
pancreatic β -cells, type 2 diabetes mellitus occurs. Insulin
resistance was demonstrated to be associated with AN, the
presence of the dermatological condition proving to be a valuable, accessible sign for the diagnosis of the glucidic metabolic
disturbance (44).
AN associated with subclinical atherosclerosis is a form
which is not well documented. Until now only one study has
evaluated the prevalence of carotid atherosclerosis in Mexican
patients with AN (45).
Although less frequent than the obesity and insulin resistance-associated forms, the ‘malignant’ AN is a particularly
important type, as it is a sign of an underlying malignancy.
It actually represents a paraneoplastic syndrome, in ~17% of
cases appearing prior to the tumor diagnosis (46) and occasioning extensive clinical and paraclinical investigations that
lead to the diagnosis.
Compared to other types of AN, the malignant form
appears more abruptly, the lesions are more widespread or
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in non-typical areas, progress more rapidly, are frequently
pruritic and are often extended to the mucosa, especially the
oral cavity (2,47).
It is most commonly associated with adenocarcinomas of
abdominal organs (70-90%), especially gastric adenocarcinoma (55-61%), followed by adenocarcinoma of the pancreas,
ovaries, kidneys, bladder, bronchi, thyroid, bile duct, breasts,
esophagus, and endometrium (46,48-58). Rarely, malignant
AN can coexist with nonepithelial tumors such as sarcomas,
lymphomas, schwannomas, leukemia, malignant melanomas
or malignant pinealomas (7,59-61).
A special case of AN is that accompanying insulinoma.
Even though the mechanism is presumed to be hyperinsulinemia, only a minority of the cases of insulinomas present
associated AN (62). There has been a report of 31 cases of
insulinoma, out of which none associated AN (63). The recognition of AN is benefic for the correct diagnosis of insulinoma,
especially in children and adolescents, as it often manifests by
loss of consciousness or seizures due to the undocumented
hypoglycemic episodes (64). The presence of AN leads
to either the evaluation of the insulin level, revealing the
hyperinsulinemia, or to the suspicion of a malignant tumor,
followed by extensive imaging investigation that unravel the
insulinoma.
6. Pathophysiology
The pathophysiology of AN seems to be connected with the
proliferation of epidermal keratinocytes and the dermal fibroblasts under a multitude of factors that are not fully understood.
Biochemical mechanisms involved in developing the lesions
are extremely complicated, comprising multiple cytokines and
signaling pathway crosstalk. Some of these processes have
been discovered, but many are still to be unraveled.
In cases of benign AN, insulin or an IGF have been
suggested as promoters of enhanced epidermal cell propagation. Other mediators seem to be involved as well, including
fibroblast growth factor (FGF) and tyrosine kinase receptors
like the epidermal growth factor receptor (65-67).
Hyperinsulinemia acts in multiple ways to induce AN:
direct effect and an indirect one. The direct effect is represented by insulin activation of IGF-1 receptor due to its high
concentration. The indirect effect is more complex in nature:
it indirectly increases the free IGF-1 in circulation, this being
the active fraction.
Insulin has been shown to reach keratinocytes by crossing
the dermoepidermal junction (21). When present in low
concentrations, insulin is known to regulate carbohydrate, lipid
and protein metabolisms; it binds to ‘classic’ insulin receptors,
therefore mildly promoting cellular growth. The increased
circulating levels of insulin activate IGF receptors on keratinocytes, particularly IGF-1 receptors, which have similar size and
subunit structure with insulin receptors, but have 100-1,000fold greater affinity for IGF-1 than for insulin (68). The binding
of insulin to these receptors promotes proliferation of both
keratinocytes and fibroblasts, resulting in AN (17).
IGF-1 is found in circulation both free and in a complex with
insulin-like growth binding proteins (IGFBPs). The IGFBPs
carry IGF-1 to the tissue, increase its half-life and regulate
the concentration of the free IGF-1 fraction that is respon-
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sible for its metabolic effect. Hyperinsulinemia decreases
the circulating concentration of IGFBP-1 and IGFBP-2, that
increase the free IGF-1 levels in tissues, thus promoting cell
proliferation and AN manifestation (69). Furthermore, high
concentrations of insulin may determine the displacement of
IGF-1 from IGFBPs, thus increasing the fraction of free IGF-1
in plasma and determining cell growth and differentiation.
Hereditary cases of AN tend to present FGF defects. Newly
discovered mutations of FGF receptor were described in
Crouzon syndrome with AN, hypochondroplasia, and severe
achondroplasia with developmental delay and AN (66,70,71).
Furthermore, it seems that palifermin, a recombinant ligand of
the FGF receptor (used to treat mucositis determined by some
chemotherapeutical agents) leads to florid, though reversible,
iatrogenic AN (72).
In case of the paraneoplastic AN, the cancer cells in the
tumor of origin and metastases are secreting cytokines that
influence pathologically the fibroblasts and keratinocytes,
leading to AN. From a histopathologic point of view, the
proliferation of keratinocytes predominates, resulting in
hyperkeratosis and papillary hyperplasia, but minimal hyperpigmentation. Histological aspects are common to other forms
of AN, not discriminating the paraneoplastic type (46).
The appearance of paraneoplastic AN is considered to be the
effect of signaling molecules secreted by the tumor. The tumoral
cells produce a variety of molecules and growth factors with
autocrine, paracrine and systemic effects. The most incriminated
in AN progression is transforming growth factor-α (TGF-α).
When secreted in large quantities by the tumoral cells, TGF-α
can bind to the epidermal growth factor (EGF) receptor due to
structural similarities, promoting proliferation and differentiation of keratinocytes. Other tumor-secreted molecules are
IGF-1, FGF and α-melanocyte stimulating hormone (α-MSH),
responsible for the melanocyte pigmentation and for further
stimulating the growth of keratinocytes, thus explaining the
hyperpigmentation and hyperplasia (2).
7. Treatment
AN is not a disease per se, but a sign of various causes and is
not treatable on its own. The evolution of the skin condition
depends of that of the underlying disease, so the treatment of
the AN actually aims the causing disorder. Diminishing of
hyperkeratosis has been described in some patients, following
insulin resistance correction (by maintaining a low-calorie
diet and sustained physical activity) or obesity control by
weight loss (69,73,74).
For esthetic reasons, dermatologists treat AN with variable success by prescribing topical keratolytics: retinoids and
podophyllin. Other cosmetic treatments in use include laser
procedures, chemical peels or dermabrasion.
For the insulin resistance control, metformin, etretinate and
octreotide were used with some success. Giri et al reported
complete resolution of AN after 2 years of metformin, despite
persistence of insulin resistance (75).
Rosiglitazone is also useful in the treatment of AN caused
by insulin resistance (76-78). Bellot-Rojas et al described
lower fasting insulin levels with rosiglitazone as compared
to metformin treatment, both variants leading to skin texture
improvements of moderate magnitude (77). Metformin treat-

ments that lead to insulin resistance and AN improvement
are the ones with duration of more than 6 months. Metformin
reduces peripheral insulin resistance, hyperinsulinemia,
glucose production and body weight (69,79). A good response
of AN has been recorded after increasing sensitivity to insulin
in peripheral muscles, by treatment with a combination of
metformin and thiazolidindiones (80-82).
Melatonin treatment (3 mg/day) has proved useful in
improving both insulin resistance and pigmentation in obesityrelated AN (83).
The AN accompanying insulin resistance of autoimmune
etiology, including antibodies against insulin receptor or against
insulin itself, is treated with immunomodulatory regimens
consisting of rituximab, dexamethasone and cyclophosphamide (20). For the autoimmune form not related to insulin
resistance, moderate success in treating generalized AN has been
reported for the use of cyclosporine A, with significant reduction
of both the skin and mucosal papillomatous lesions (21).
The evolution of paraneoplastic AN is tightly connected to
the evolution of cancer, regressing after the surgical ablation of
the tumor or in some cytostatic treatments; it could even be a
valuable parameter for monitoring of therapy, since it reactivates
in case of tumor relapse or development of metastases (84).
In the particular case of AN associated with insulinoma,
since the tumor is well circumscribed and surgically curable,
the skin lesion may completely disappear when the removal
of the insulinoma is achieved (62,85). There has even been a
report of complete remission of AN after the partial pancreatectomy for the HAIR-AN syndrome (86).
8. Conclusion
AN is a dermatological issue that is, in fact, an echo of a
systemic disorder. The underlying disease can be a malignant or benign one, the latter ranging from mild metabolic
disorders to diabetes mellitus or endocrine syndromes with
important implication for the patients' health. Since some
cases of AN precede or are discovered simultaneously with
the causal malignant pathology, the clinician must thoroughly
investigate the patient to be able to exclude the paraneoplastic
form. The present review summarizes the etiopathogenesis
and implications regarding different AN forms and proposes a
new AN classification that might help with patient diagnosis,
risk stratification and treatment protocol.
AN treatment represents in fact the treatment of the
underlying condition, with a rich palette of approaches and a
wide range of results. The local treatments applied for esthetic
reason comprise several methods, with moderate results.
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