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Abstract
Background and Objectives: Gene mutations within the 
leptin-melanocortin signaling pathway lead to severe early-
onset obesity. Recently, a phase 2 trial evaluated new phar-
macological treatment options with the MC4R agonist set-
melanotide in patients with mutations in the genes encod-

ing proopiomelanocortin (POMC) and leptin receptor 
(LEPR). During treatment with setmelanotide, changes in 
skin pigmentation were observed, probably due to off-tar-
get effects on the closely related melanocortin 1 receptor 
(MC1R). Here, we describe in detail the findings of dermato-
logical examinations and measurements of skin pigmenta-
tion during this treatment over time and discuss the impact 
of these changes on patient safety. Methods: In an investi-
gator-initiated, phase 2, open-label pilot study, 2 patients 
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with loss-of-function POMC gene mutations and 3 patients 
with loss-of-function variants in LEPR were treated with the 
MC4R agonist setmelanotide. Dermatological examination, 
dermoscopy, whole body photographic documentation, 
and spectrophotometric measurements were performed at 
screening visit and approximately every 3 months during 
the course of the study. Results: We report the results of a 
maximum treatment duration of 46 months. Skin pigmenta-
tion increased in all treated patients, as confirmed by spec-
trophotometry. During continuous treatment, the current 
results indicate that elevated tanning intensity levels may 
stabilize over time. Lips and nevi also darkened. In red-
haired study participants, hair color changed to brown after 
initiation of setmelanotide treatment. Discussion: Setmela-
notide treatment leads to skin tanning and occasionally hair 
color darkening in both POMC- and LEPR-deficient patients. 
No malignant skin changes were observed in the patients of 
this study. However, the results highlight the importance of 
regular skin examinations before and during MC4R agonist 
treatment. © 2021 S. Karger AG, Basel

Introduction

Proopiomelanocortin (POMC), embedded in the 
leptin-melanocortin pathway, is cleaved by prohormone 
convertases into ACTH and α-, β-, and γ-melanocyte-
stimulating hormones (MSH). These POMC-derived 
peptides are capable of activating different types of G pro-
tein-coupled melanocortin receptors (MC1R–MC5R). 
The melanocortin-1 receptor (MC1R), mainly expressed 
in melanocytes, plays an important role in the regulation 
of melanin synthesis in the skin, melanocyte differentia-
tion, and DNA repair [1]. The production of eumelanin 
(dark brown pigment) is of especial importance for pro-
tecting the skin against genotoxic UV radiation, as it ab-
sorbs UV photons after entering the epidermis [2, 3]. El-
evated eumelanin skin concentrations and thereby darker 
skin color correlate with reduced prevalence of skin can-
cers like melanoma [1, 4]. In patients with mutations in 
the POMC gene, the production of POMC derivatives is 
affected. This impaired α-/β-MSH production leads to 
missing MC1R activation and thereby to reduced conver-
sion from pheomelanin to eumelanin. This in turn leads 
to a distinct clinical presentation with pale skin and red 
hair in several POMC-deficient patients [5–7]. In con-
trast, patients with leptin receptor (LEPR) deficiency do 
not lack MSH and generally do not manifest pale skin or 
red hair secondary to this genetic defect.

The melanocortin system also plays an important role 
in body weight regulation [5, 8]. POMC-derived peptides 
activate the MC4R within the hypothalamus, in addition 
to the MC1R. Impaired function of this leptin-melano-
cortin signaling leads to severe hyperphagia due to miss-
ing activation or alteration of MC4R function. Because of 
persistent increased hunger feeling, the affected patients 
are not able to reduce their body weight by traditional 
conservative treatment strategies (increased exercise and 
reduced caloric intake). Therefore, a new pharmacologi-
cal treatment option with the MC4R agonist setmela-
notide was evaluated in clinical trials to reduce body 
weight in patients with impaired function of the leptin-
melanocortin pathway due to mutations in the genes 
POMC and LEPR (coding for the leptin receptor) [9, 10]. 
However, setmelanotide activates to a lesser extent the 
closely related MC1R as an “off-target” effect (MC1R 
[EC50 effective concentration] = 5.8 nM), as compared to 
the expected MC4R activation (EC50 = 0.27 nM) [9, 10]. 
This is the reason why setmelanotide treatment affects 
MC1R-regulated skin and hair color [11, 12]. MC4R is 
expressed in very low levels in the skin but does not seem 
to play a fundamental role in pigmentation according to 
current literature data [13]. The aim of this analysis was 
to evaluate skin pigmentation using objective measure-
ments in patients with loss-of-function mutations in the 
POMC and LEPR genes during the treatment with the 
MC4R agonist setmelanotide.

Methods

Study Design and Participants
An investigator-initiated phase 2, nonrandomized, open-label 

pilot study (EudraCT No. 2014-002392-28; ClinicalTrials.gov No. 
NCT02507492) with MC4R agonist setmelanotide in severely 
obese patients with POMC and LEPR mutations was designed and 
conducted at the Institute for Experimental Pediatric Endocrinol-
ogy, Charité-Universitätsmedizin Berlin. The study was imple-
mented in cooperation with Rhythm Pharmaceuticals, which pro-
vided the study medication and regulatory support [10]. The study 
was approved by the Ethics Committee of the federal state of Ber-
lin (14/0344), conducted according to the principles of the Decla-
ration of Helsinki, and patients and responsible caretakers gave 
written informed consent.

Study Medication
Setmelanotide or RM-493 is a synthetic 8-amino acid cyclic 

peptide, binding with high affinity to MC4R (EC50 = 0.27 nM) and 
less affinity to MC1R (EC50 = 5.8 nM) [9, 10]. Setmelanotide treat-
ment was started with a dosage of 0.25–0.5 mg s.c./q.d, followed by 
a dosage escalation phase up to a maximum concentration of 3 mg 
s.c./q.d. The maximum dosage administered to each patient de-
pended on weight loss rate and hunger score reduction.
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Dermatological Examination Procedures
The dermatological examinations were performed at the De-

partment of Dermatology and Allergy, Clinical Research Center 
for Hair and Skin Science (Charité-Universitätsmedizin Berlin) in-
cluding dermatological examination, dermoscopy, whole body 
photographic documentation, and spectrophotometric measure-
ments. These examinations were performed at baseline/screening 
visit and every 3 months during the course of the study. Determi-
nation of skin pigmentation by spectrophotometry was performed 
in non-UV-exposed axillary and gluteal regions, using the Multi 
Probe Adapter System MPA® (Courage & Khazaka GmbH, Co-
logne, Germany) connected to Mexameter® MX18 (Courage & 
Khazaka Cologne, Germany) as well as the Spectrophotometer CM 
700d (Konica Minolta Inc., Tokyo, Japan) according to standard-
ized protocols. The Mexameter® MX18 spectrophotometer emits 
light of 3 defined wavelengths (green: 568 nm, red: 660 nm, and 

infrared: 880 nm), and a receiver measures the light reflected by 
the skin. The results correspond to the spectral absorption peaks 
of melanin and hemoglobin (as a proxy for erythema), providing 
melanin and erythema index on a scale from 0 (white) to 999 
(black) [14, 15].

The Spectrophotometer CM-700d can measure reflection in-
tensities at a 10-nm wavelength pitch from 400 to 700 nm; the re-
sults are presented using the Commission International d’ Eclai-
rage L × a × b color system [15, 16]. The L* parameter expresses 
color brightness, ranging between 0 (white) and 100 (black); the a* 
parameter expresses changes along a red (+60) to green (−60) axis; 
the b* parameter represents changes along a yellow (+60) to blue 
(−60) axis [15]. Both devices are widely used for objective color 
measurements in skin research [14–22]. Increased melanin indices 
correlate with increased tanning of the skin [14–22].

Table 1. Summary of patient baseline characteristics including genetic variant and anthropometric data

Patient ID Gene variant Sex Age, 
years

Weight, 
kg

BMI,  
kg/m2

Fitzpatrick 
skin type

Hair color Max. 
setmelanotide 
dosage, mg

Origin

POMC 1 Compound heterozygous 
(G7013T, C7133Δ)

Female 21 155.0 49.8 I Red/ashy blond 1.5 Caucasian  
(Northern Europe)

POMC 2 Homozygous (6922InsC) Female 26 152.8 54.1 II–III Red/light brown 1.5 African (North Africa)

LEPR 1 Homozygous (p.H684P) Male 22 122.1 40.7 I Red 3.0 Caucasian  
(Northern Europe)

LEPR 2 Homozygous (c.2357T>C 
p.L786P)

Male 23 130.6 39.9 II–III Dark brown 1.5 Caucasian  
(Southern Europe)

LEPR 3 Homozygous (c.2357T>C 
p.L786P)

Female 14 120.6 44.2 III Dark brown 2.5 Caucasian  
(Southern Europe)

a b

c d e

POMC 1 POMC 2

LEPR 1 LEPR 2 LEPR 3

Fig. 1. a–e Comparison of skin color before and during setmelanotide treatment visualizes darkening of the skin 
of the study patients. POMC, patients with mutations in the gene encoding proopiomelanocortin; LEPR, patients 
with leptin receptor gene mutations.
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Statistical Methods
Melanin index values, recorded by Mexameter® MX18, and L* 

and b* values recorded by the Spectrophotometer CM 700d during 
the course of the treatments were analyzed in triplicate. Statistical 
analysis was performed based on nonparametric Student t tests. 
Maximum time of longitudinal observation was 46 weeks. Maxi-
mum setmelanotide treatment dosages of each patient are shown 
in Table 1.

Since we aimed to investigate the effect of setmelanotide on 
melanin synthesis, values expressing erythema (erythema index as 
measured by using Mexameter® MX18 and a* parameter as mea-
sured by using Spectrophotometer CM 700d) are not presented 
but are available upon request [16]. To evaluate skin color changes 
over time (slope), difference of melanin raw data between 2 time 

points was analyzed and divided through the interval (months) 
between each time point pair. Cases were rated by 0.5 (left and 
right per time point per body location [axilla/gluteal] in 1 indi-
vidual). The arithmetic means (±SD) or percentages were report-
ed. No statistical tests were conducted due to the small number of 
cases (n = 5 [1-year follow-up]; n = 2 [over 3-year follow-up]).

Statistical analyses were conducted with IBM SPSS 25. The re-
gression coefficients (β) for skin color (melanin index) were gener-
ated in a linear mixed-effects regression model. These models have 
the advantage of dealing with missing values because of using all 
available data points from an individual longitudinally. Random 
statement was included to account for the initial differences be-
tween individuals. Linear mixed model (random intercept model) 
[23] was calculated regarding skin color alterations over time with 
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Fig. 2. Spectrophotometry results (melanin 
index) at baseline and during the course of 
treatment with setmelanotide in all pa-
tients of the study in the gluteal (a) and ax-
illary (b) region. POMC, patients with mu-
tations in the gene encoding proopiomela-
nocortin; LEPR, patients with leptin 
receptor gene mutations.
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repeated measurements as level-one units nested in individuals 
who were level-two units. The model includes adjustment for the 
localization, where skin color has been measured. For the melanin 
index variables, linear and quadratic terms for time points were 
entered into the model in order to describe the skin color curve 
throughout the different time phases. Two-sided significance level 
of α = 0.05 was used. No adjustment for multiple testing was ap-
plied.

Results

In total, 5 patients with monogenic defects within the 
leptin-melanocortin pathway were included in the study 
from December 2014 through May 2018: 2 patients with 
biallelic mutations in the POMC gene and 3 patients 
with biallelic mutations in the LEPR gene (Table 1). All 
patients had a history of long-term weight gain due to 
severe hyperphagia without managing to stabilize body 
weight using conservative methods for a longer period 
of time.

Skin and Hair Color Changes
In all patients, skin hyperpigmentation occurred after 

the treatment start with the MC4R agonist setmelanotide 
(Fig. 1). Accordingly, the L* color parameter decreased 
and the b* parameter increased during the first months 
of treatment, reaching a plateau afterwards, with the final 
values varying interindividually (Spectrophotometer CM 
700d, see online suppl. Fig. 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000516282).

Melanin index, measured using Mexameter MX18, in-
creased in all patients during the study, with patients with 
an African or Southern European background reaching 
the highest melanin indices (Fig. 2). When comparing the 
slope of the individual melanin indices, the most promi-
nent increase appears to have occurred within the first 
few months of treatment. Thereafter, the gradient re-
duced, which suggests melanin indices reaching a plateau 
phase (Fig. 2, 3).

Longitudinal analysis with a mixed model confirmed 
this observation, as it showed a statistically significant as-
sociation between skin pigmentation and time, adjusted 
for the localization of the measurement: melanin index 
increased over the linear term of time (β: 13.15, p < 0.001), 
while there was a statistically significant negative regres-
sion coefficient over the quadratic term of time (β: −0.21, 
p < 0.001) [23, 24]. The linear term has more influence on 
smaller time spans, whereas the quadratic term gains in-
fluence on the long term. This indicates a high increase in 
skin pigmentation for early time points, followed by a sta-
bilization (plateau) during the long-term course of the 
treatment (online suppl. Fig. 2; online suppl. Table 1).

Also, lips and nevi darkened (Fig. 4) [10, 12]. POMC 
patient 1 had a history of dysplastic nevus syndrome. 
During the treatment, 8 nevi were excised due to en-
hanced pigmentation: 3 showed histological signs of dys-
plasia but none showed histological signs for malignancy. 
A further nevus excision was performed in LEPR patient 
1 and showed histologically no signs for dysplasia. Regu-
lar follow-up of these patients did not show further atyp-
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Fig. 3. Slope calculation of melanin values at 4 different time spans of all included patients: treatment months 
1–12; treatment months 13–24; treatment months 25–36; treatment months 37–48. a Axillary region. b Gluteal 
region.
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ical nevi development under continued treatment with 
setmelanotide. In addition, the other 3 patients did not 
show any lesions that were suspicious clinically or in der-
matoscopy analysis and led to excision.

In POMC patient 2, initially existing vitiligo lesions 
partially repigmented (Fig. 1b, 5). In initially red-haired 
patients with either POMC or LEPR deficiency, hair color 
started to show increased pigmentation and intensified in 
color after initiation of setmelanotide treatment. After 
approximately 6 months, hair became brown all over the 
scalp (Fig. 6a–d). Setmelanotide was generally well toler-
ated, with only mild adverse events noted during the 
study [11, 12].

Discussion

The aim of the present analysis was to investigate 
whether and to what extent treatment with the MC4R ag-
onist setmelanotide affects skin pigmentation and hair 
color based on potential MC1R coactivation in POMC- 
and LEPR-deficient patients. The study cohort consisted 
of POMC- and LEPR-deficient patients. Patients with 
POMC mutations suffer from a lack of both MC4R and 
MC1R activation due to the missing α-/β-MSH ligands in 
both brain and skin; the lack of MC1R activation in the 
skin leads to the typical presentation with pale skin and 
red hair. This phenotype is thereby comparable with in-

a b

a

b

Fig. 4. Intensified pigmentation of the lips in 2 (a, b) of the study patients during the treatment with setmela-
notide.

Fig. 5. Partial repigmentation of vitiligo lesions in an enrolled POMC-deficient patient during treatment with 
setmelanotide. Baseline (a) and approximately 6 months after treatment initiation (b).
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dividuals, in which MC1R genetic variants lead to im-
paired receptor signaling capacity. These MC1R loss-of-
function variants are associated with fair skin, impaired 
tanning reaction after sun light exposure [25], and an in-
creased risk for skin cancers, like cutaneous melanoma 
[26, 27], due to missing protection against UV radiation 
damage due to impaired eumelanin production in mela-
nocytes [26, 28–31]. Therefore, it could be speculated that 
due to lack of MC1R activation, POMC-deficient patients 
may have increased risk for melanoma development; a 
corollary to this speculation is that MC1R activation 
might provide therapeutic benefit. At this point, it has to 
be noted that, to our knowledge, until now no case of 
melanoma development in a POMC patient has been re-
ported in the current literature, yet considering the very 

rare occurrence of POMC deficiency (orphan disease) 
and the very young age of patients identified so far.

The second study group consisted of LEPR-deficient 
patients, who have no defect in α-/β-MSH production 
and MC1R activation; without the typical baseline abnor-
malities of POMC-deficient patients, it was of interest to 
review the impact of MC1R activation during setmela-
notide treatment also in this study group.

Baseline values of melanin indices (Mexameter MX18) 
as well as of L* and b* parameters (Spectrophotometer 
CM 700d) of the patients in this study lie within reported 
ranges in the recent literature [15, 16, 18]. Comparability 
of published data sets is however limited, due to different 
or lack of reporting of measurement areas and different 
ethnic backgrounds as well as partly due to the variety of 

a b c

d

Day 0 Day 0Month 3

Month 10 Month 6 Month 12

POMC 1 POMC 2 LEPR 1

Fig. 6. Hair color changes over time from red to a brown during setmelanotide treatment in 2 enrolled POMC-
deficient patients (a, b) and 1 LEPR-deficient patient (c). d Hair sample from the POMC mutation carrier visu-
alizes the hair color change during the study. Left side represents hair color before the study. Continuously, hair 
color changed from red to brown during setmelanotide treatment.
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used devices for assessment of skin pigmentation [15, 16, 
18, 22]. During the treatment period, an increase in mel-
anin index was observed in all patients, irrespective of 
their underlying genetic defect [15]. Although data are 
limited, the results of this study provide evidence for sta-
bilization of increased tanning intensity over time under 
continued stable treatment with setmelanotide. Interest-
ingly, tanning was more intense in patients with an Afri-
can or southern European background, which might ar-
gue for a relevant role of the genetic background. Further 
evaluations in larger cohorts are necessary to confirm this 
finding.

Furthermore, it has to be added that data from previous 
experiments showed that interruption of MC4R agonist 
dosing leads to a reduction of tanning (Rhythm data on 
file). The continuous treatment with setmelanotide also 
led to darkening of the hair, presumably due to a transi-
tion from red/yellow pheomelanin pigment production to 
brown/black eumelanin pigment production, indicating 
hair follicle melanocyte activation [32, 33]. Interestingly, 
this change of hair color was not only observed in the 2 
POMC-deficient patients but also in 1 red-haired LEPR-
deficient patient, whose initial hair color was not related 
to MSH deficiency. This finding suggests a stimulation of 
the hair follicle MC1R by setmelanotide, independently of 
an underlying MSH deficiency. Increased pigmentation of 
the lips was observed in some of the study patients, sug-
gesting an increase in the melanogenic activity of the me-
lanocytes also of the oral epithelium [34].

Because of the prolonged stimulation of MC1R result-
ing in skin, hair, and nevi darkening, it is of importance 
to evaluate whether continuous MC4R agonist treatment 
could increase the risk for skin cancers like primary mel-
anoma. So far, in the patients of this study, none of the 
excised clinically suspicious lesions showed any histolog-
ical signs of malignancy; however, more data from larger 
cohorts under prolonged setmelanotide treatment are 
currently missing. During prolonged treatment with set-
melanotide, regular dermatologic examinations are nec-
essary, in order to confirm long-term safety of this treat-
ment.

In long-term animal studies, setmelanotide did not 
lead to melanocyte proliferation even at very high dos-
ages, and a limited set of completed carcinogenicity stud-
ies have not shown any increased risk for cancer develop-
ment (Rhythm data on file). Additionally, chronic MC1R 
activation related to other disorders, like in primary ad-
renal insufficiency (i.e., Addison’s disease) due to in-
creased ACTH levels, has not been reported to be related 
to increased risk for melanoma or other skin cancer de-

velopment [35, 36]. Recently, responsible regulators ap-
proved 2 drugs, which activate MC1R: afamelanotide and 
bremelanotide. Afamelanotide was approved as a phar-
macological treatment of erythropoietic protoporphyria 
and bremelanotide as a treatment for hypoactive sexual 
desire disorder [37, 38]. Both drugs may induce pigmen-
tation, depending on the applied formulation, dosage, 
and frequency of application [37, 38]. For both drugs, no 
safety concerns regarding the development of skin cancer 
have been reported so far [37].

Moreover, contrary to the effects of setmelanotide, 
there is evidence based on the available published litera-
ture that reduced MC1R activation, with less eumelanin 
and impaired protection against DNA damaging UV ra-
diation, could lead to a predisposition for melanoma, as 
in patients with loss-of-function mutation in the MC1R 
gene [2–4]. This hypothesis needs to be tested in larger 
trials.

Results of this analysis indicate that setmelanotide 
treatment leads to skin tanning in both POMC- and 
LEPR-deficient patients. Future studies and cautious 
baseline dermatological examination as well as dermato-
logical monitoring of skin changes during MC4R agonist 
treatment are necessary to provide further information 
about the impact of MC4R agonists on skin features. Fur-
thermore, future research could shed more light on pos-
sible applications of the observations of this study in der-
matological clinical practice, such as in the treatment of 
depigmentation diseases like vitiligo [13, 39, 40].

Acknowledgements

We thank Alice Schneider (Institute of Biometry and Clinical 
Epidemiology, Charité Universitätsmeidzin Berlin) for the sup-
port of the statistical analysis and Arlett Stielow and Anette An-
druck for excellent assistance. The patients in this manuscript have 
given written informed consent to publication of their case details.

Statement of Ethics

The study was approved by the Ethics Committee of the fed-
eral state of Berlin (14/0344), conducted according to the princi-
ples of the Declaration of Helsinki, and patients and responsible 
caretaker gave written informed consent.

Conflict of Interest Statement

Keith Gottesdiener is an employee and stock holder of Rhythm 
Pharmaceuticals. The remaining authors have no conflicts of in-
terest to declare.

D
ow

nl
oa

de
d 

by
: 

C
ha

rit
é 

- 
U

ni
ve

rs
itä

ts
m

ed
iz

in
 B

er
lin

19
3.

17
5.

73
.2

16
 -

 8
/1

6/
20

22
 1

:5
8:

08
 P

M



A Melanocortin-4 Receptor Agonist 
Induces Skin and Hair Pigmentation

315Skin Pharmacol Physiol 2021;34:307–316
DOI: 10.1159/000516282

Funding Sources

This is an investigator-initiated trial (sponsor: Charité-Univer-
sitätsmedizin Berlin) performed in cooperation with Rhythm 
Pharmaceuticals, which provided the study medication for the pa-
tients as well as financial support for travelling and accommoda-
tion of included patients from abroad. The study has been sup-
ported by SPARK BIH Validation Fund Track 2.

Author Contributions

P.K. and U.B.P. were responsible for planning and supervising 
the study. C.P.B., K.C., I.F., S.W., and P.K. were referent physicians 
for the patients. V.K., I.J., U.B.P., A.A., and C.R. were responsible 
for the dermatological study performance. V.K., L.P., I.J., and P.K. 
processed the experimental data, performed the analysis, drafted 
the manuscript, and designed the figures. V.K. took the lead in 
writing the manuscript. All authors aided in interpreting the re-
sults, reviewed the final manuscript, and approved publication.

References

 1 Holcomb NC, Bautista RM, Jarrett SG, Carter 
KM, Gober MK, D'Orazio JA. Camp-mediat-
ed regulation of melanocyte genomic instabil-
ity:  a melanoma-preventive strategy. Adv 
Protein Chem Struct Biol. 2019; 115(115): 

247–95.
 2 Swope VB, Abdel-Malek ZA. Mc1r:  front and 

center in the bright side of dark eumelanin 
and DNA repair. Int J Mol Sci. 2018; 19: 2667.

 3 Swope VB, Abdel-Malek ZA. Significance of 
the melanocortin 1 and endothelin b recep-
tors in melanocyte homeostasis and preven-
tion of sun-induced genotoxicity. Front Gen-
et. 2016; 7: 146.

 4 Nasti TH, Timares L. Mc1r, eumelanin and 
pheomelanin:  their role in determining the 
susceptibility to skin cancer. Photochem Pho-
tobiol. 2015; 91(1): 188–200.

 5 Krude H, Biebermann H, Luck W, Horn R, 
Brabant G, Gruters A. Severe early-onset obe-
sity, adrenal insufficiency and red hair pig-
mentation caused by pomc mutations in hu-
mans. Nat Genet. 1998; 19(19): 155–7.

 6 Low MJ. Neuroendocrinology:  new hormone 
treatment for obesity caused by pomc-defi-
ciency. Nat Rev Endocrinol. 2016; 12(11): 

627–8.
 7 Muller TD, Tschop MH, O'Rahilly S. Meta-

bolic precision medicines:  curing pomc defi-
ciency. Cell Metab. 2016; 24(2): 194–5.

 8 Kühnen P, Krude H, Biebermann H. Melano-
cortin-4 receptor signalling:  importance for 
weight regulation and obesity treatment. 
Trends Mol Med. 2019; 25(25): 136–48.

 9 Clement K, Biebermann H, Farooqi IS, Van 
der Ploeg L, Wolters B, Poitou C, et al. Mc4r 
agonism promotes durable weight loss in pa-
tients with leptin receptor deficiency. Nat 
Med. 2018; 24(24): 551–5.

10 Kühnen P, Clément K, Wiegand S, Blanken-
stein O, Gottesdiener K, Martini LL, et al. 
Proopiomelanocortin deficiency treated with 
a melanocortin-4 receptor agonist. N Engl J 
Med. 2016; 375(3): 240–6.

11 Clement K, Biebermann H, Farooqi IS, Van 
der Ploeg L, Wolters B, Poitou C, et al. Mc4r 
agonism promotes durable weight loss in pa-
tients with leptin receptor deficiency. Nat 
Med. 2018.

12 Kuhnen P, Clement K, Wiegand S, Blanken-
stein O, Gottesdiener K, Martini LL, et al. 
Proopiomelanocortin deficiency treated with 

a melanocortin-4 receptor agonist. N Engl J 
Med. 2016; 375(375): 240–6.

13 Ocampo-Garza J, Salinas-Santander M, 
Welsh O, Herz-Ruelas M, Ocampo-Candiani 
J. Expression of melanocortin 1 receptor be-
fore and after narrowband uvb phototherapy 
treatment in patients with stable vitiligo:  a 
prospective study. Exp Ther Med. 2020; 

19(19): 1649–54.
14 Wright CY, Karsten AE, Wilkes M, Singh A, 

du Plessis J, Albers PN, et al. Diffuse reflec-
tance spectroscopy versus mexameter([r]) 
mx18 measurements of melanin and erythe-
ma in an african population. Photochem Pho-
tobiol. 2016; 92: 632–6.

15 Clarys P, Alewaeters K, Lambrecht R, Barel 
AO. Skin color measurements:  comparison 
between three instruments:  the 
chromameter(r), the dermaspectrometer(r) 
and the mexameter(r). Skin Res Technol. 
2000; 6(6): 230–8.

16 Hayashi M, Okamura K, Araki Y, Suzuki M, 
Tanaka T, Abe Y, et al. Spectrophotometer is 
useful for assessing vitiligo and chemical leu-
koderma severity by quantifying color differ-
ence with surrounding normally pigmented 
skin. Skin Res Technol. 2018; 24(24): 175–9.

17 Dwyer T, Muller HK, Blizzard L, Ashbolt R, 
Phillips G. The use of spectrophotometry to 
estimate melanin density in caucasians. Can-
cer Epidemiol Biomarkers Prev. 1998; 7(3): 

203–6.
18 Treesirichod A, Chansakulporn S, Wattana-

pan P. Correlation between skin color evalu-
ation by skin color scale chart and narrow-
band reflectance spectrophotometer. Indian J 
Dermatol. 2014; 59(59): 339–42.

19 van der Mei IA, Blizzard L, Stankovich J, Pon-
sonby AL, Dwyer T. Misclassification due to 
body hair and seasonal variation on melanin 
density estimates for skin type using spectro-
photometry. J Photochem Photobiol B, Biol. 
2002; 68(1): 45–52.

20 Fullerton A, Fischer T, Lahti A, Wilhelm KP, 
Takiwaki H, Serup J. Guidelines for measure-
ment of skin colour and erythema. A report 
from the standardization group of the euro-
pean society of contact dermatitis. Contact 
Dermatitis. 1996; 35(35): 1–10.

21 Pershing LK, Tirumala VP, Nelson JL, Corlett 
JL, Lin AG, Meyer LJ, et al. Reflectance spec-
trophotometer:  The dermatologists’ sphyg-

momanometer for skin phototyping? J Invest 
Dermatol. 2008; 128(7): 1633–40.

22 Sharma VK, Gupta V, Jangid BL, Pathak M. 
Modification of the fitzpatrick system of skin 
phototype classification for the indian popu-
lation, and its correlation with narrowband 
diffuse reflectance spectrophotometry. Clin 
Exp Dermatol. 2018; 43(43): 274–80.

23 Geert Verbeke GM. Linear mixed models for 
longitudinal data. New York:  Springer-Ver-
lag;  2000.

24 Verbeke G, Molenberghs G. Linear mixed 
models for longitudinal data. Springer;  2000.

25 Valverde P, Healy E, Jackson I, Rees JL, Thody 
AJ. Variants of the melanocyte-stimulating 
hormone receptor gene are associated with 
red hair and fair skin in humans. Nat Genet. 
1995; 11(3): 328–30.

26 Valverde P, Healy E, Sikkink S, Haldane F, 
Thody AJ, Carothers A, et al. The asp84glu 
variant of the melanocortin 1 receptor (mc1r) 
is associated with melanoma. Hum Mol Gen-
et. 1996; 5(5): 1663–6.

27 Kadekaro AL, Leachman S, Kavanagh RJ, 
Swope V, Cassidy P, Supp D, et al. Melanocor-
tin 1 receptor genotype:  an important deter-
minant of the damage response of melano-
cytes to ultraviolet radiation. FASEB J. 2010; 

24(10): 3850–60.
28 de Torre C, Garcia-Casado Z, Martinez-Escrib-

ano JA, Botella-Estrada R, Banuls J, Oliver V, et 
al. Influence of loss of function mc1r variants in 
genetic susceptibility of familial melanoma in 
spain. Melanoma Res. 2010; 20(20): 342–8.

29 Matichard E, Verpillat P, Meziani R, Gerard 
B, Descamps V, Legroux E, et al. Melanocor-
tin 1 receptor (mc1r) gene variants may in-
crease the risk of melanoma in france inde-
pendently of clinical risk factors and uv expo-
sure. J Med Genet. 2004; 41(2): e13.

30 Kennedy C, ter Huurne J, Berkhout M, Gruis 
N, Bastiaens M, Bergman W, et al. Melano-
cortin 1 receptor (mc1r) gene variants are as-
sociated with an increased risk for cutaneous 
melanoma which is largely independent of 
skin type and hair color. J Invest Dermatol. 
2001; 117(117): 294–300.

31 Tatro JB, Entwistle ML, Lester BR, Reichlin S. 
Melanotropin receptors of murine melanoma 
characterized in cultured cells and demon-
strated in experimental tumors in situ. Cancer 
Res. 1990; 50(4): 1237–42.

D
ow

nl
oa

de
d 

by
: 

C
ha

rit
é 

- 
U

ni
ve

rs
itä

ts
m

ed
iz

in
 B

er
lin

19
3.

17
5.

73
.2

16
 -

 8
/1

6/
20

22
 1

:5
8:

08
 P

M

https://www.karger.com/Article/FullText/516282?ref=1#ref1
https://www.karger.com/Article/FullText/516282?ref=1#ref1
https://www.karger.com/Article/FullText/516282?ref=2#ref2
https://www.karger.com/Article/FullText/516282?ref=3#ref3
https://www.karger.com/Article/FullText/516282?ref=3#ref3
https://www.karger.com/Article/FullText/516282?ref=4#ref4
https://www.karger.com/Article/FullText/516282?ref=4#ref4
https://www.karger.com/Article/FullText/516282?ref=5#ref5
https://www.karger.com/Article/FullText/516282?ref=6#ref6
https://www.karger.com/Article/FullText/516282?ref=7#ref7
https://www.karger.com/Article/FullText/516282?ref=8#ref8
https://www.karger.com/Article/FullText/516282?ref=9#ref9
https://www.karger.com/Article/FullText/516282?ref=9#ref9
https://www.karger.com/Article/FullText/516282?ref=10#ref10
https://www.karger.com/Article/FullText/516282?ref=10#ref10
https://www.karger.com/Article/FullText/516282?ref=11#ref11
https://www.karger.com/Article/FullText/516282?ref=11#ref11
https://www.karger.com/Article/FullText/516282?ref=12#ref12
https://www.karger.com/Article/FullText/516282?ref=12#ref12
https://www.karger.com/Article/FullText/516282?ref=13#ref13
https://www.karger.com/Article/FullText/516282?ref=14#ref14
https://www.karger.com/Article/FullText/516282?ref=14#ref14
https://www.karger.com/Article/FullText/516282?ref=15#ref15
https://www.karger.com/Article/FullText/516282?ref=16#ref16
https://www.karger.com/Article/FullText/516282?ref=17#ref17
https://www.karger.com/Article/FullText/516282?ref=17#ref17
https://www.karger.com/Article/FullText/516282?ref=18#ref18
https://www.karger.com/Article/FullText/516282?ref=18#ref18
https://www.karger.com/Article/FullText/516282?ref=19#ref19
https://www.karger.com/Article/FullText/516282?ref=20#ref20
https://www.karger.com/Article/FullText/516282?ref=20#ref20
https://www.karger.com/Article/FullText/516282?ref=21#ref21
https://www.karger.com/Article/FullText/516282?ref=21#ref21
https://www.karger.com/Article/FullText/516282?ref=22#ref22
https://www.karger.com/Article/FullText/516282?ref=22#ref22
https://www.karger.com/Article/FullText/516282?ref=23#ref23
https://www.karger.com/Article/FullText/516282?ref=23#ref23
https://www.karger.com/Article/FullText/516282?ref=24#ref24
https://www.karger.com/Article/FullText/516282?ref=24#ref24
https://www.karger.com/Article/FullText/516282?ref=25#ref25
https://www.karger.com/Article/FullText/516282?ref=26#ref26
https://www.karger.com/Article/FullText/516282?ref=26#ref26
https://www.karger.com/Article/FullText/516282?ref=27#ref27
https://www.karger.com/Article/FullText/516282?ref=28#ref28
https://www.karger.com/Article/FullText/516282?ref=29#ref29
https://www.karger.com/Article/FullText/516282?ref=30#ref30
https://www.karger.com/Article/FullText/516282?ref=31#ref31
https://www.karger.com/Article/FullText/516282?ref=31#ref31


Kanti et al.Skin Pharmacol Physiol 2021;34:307–316316
DOI: 10.1159/000516282

32 Collet TH, Dubern B, Mokrosinski J, Connors 
H, Keogh JM, Mendes de Oliveira E, et al. 
Evaluation of a melanocortin-4 receptor 
(mc4r) agonist (setmelanotide) in mc4r defi-
ciency. Mol Metab. 2017; 6(6): 1321–9.

33 Ha T, Rees JL. Red hair–a desirable mutation? 
J Cosmet Dermatol. 2002; 1(2): 62–5.

34 Feller L, Masilana A, Khammissa RA, Altini 
M, Jadwat Y, Lemmer J, et al. Melanin:  the 
biophysiology of oral melanocytes and physi-
ological oral pigmentation. Head Face Med. 
2014; 10(10): 8.

35 Bergthorsdottir R, Leonsson-Zachrisson M, 
Oden A, Johannsson G. Premature mortality 
in patients with addison's disease:  a popula-
tion-based study. J Clin Endocrinol Metab. 
2006; 91(12): 4849–53.

36 Bensing S, Brandt L, Tabaroj F, Sjoberg O, 
Nilsson B, Ekbom A, et al. Increased death 
risk and altered cancer incidence pattern in 
patients with isolated or combined autoim-
mune primary adrenocortical insufficiency. 
Clin Endocrinol. 2008; 69(69): 697–704.

37 Minder EI, Barman-Aksoezen J, Schneider-
Yin X. Pharmacokinetics and pharmacody-
namics of afamelanotide and its clinical use in 
treating dermatologic disorders. Clin Phar-
macokinet. 2017; 56(8): 815–23.

38 Dhillon S, Keam SJ. Bremelanotide:  first ap-
proval. Drugs. 2019; 79(79): 1599–606.

39 Lim HW, Grimes PE, Agbai O, Hamzavi I, 
Henderson M, Haddican M, et al. Afamela-
notide and narrowband uv-b phototherapy 
for the treatment of vitiligo:  a randomized 
multicenter trial. JAMA Dermatol. 2015; 

151(1): 42–50.
40 El Tahlawi S, Abdel Halim DM, El Hadidi H, 

Fawzy MM, Hegazy RA, Ezzat M, et al. Esti-
mation of Homocysteine Level and Methy-
lenetetrahydrofolate Reductase (MTHFR) 
Gene and Cystathionine B Synthase (CBS) 
Gene Polymorphisms in Vitiligo Patients. 
Skin Pharmacol Physiol. 2020; 33(1): 38–43.

D
ow

nl
oa

de
d 

by
: 

C
ha

rit
é 

- 
U

ni
ve

rs
itä

ts
m

ed
iz

in
 B

er
lin

19
3.

17
5.

73
.2

16
 -

 8
/1

6/
20

22
 1

:5
8:

08
 P

M

https://www.karger.com/Article/FullText/516282?ref=32#ref32
https://www.karger.com/Article/FullText/516282?ref=33#ref33
https://www.karger.com/Article/FullText/516282?ref=34#ref34
https://www.karger.com/Article/FullText/516282?ref=35#ref35
https://www.karger.com/Article/FullText/516282?ref=36#ref36
https://www.karger.com/Article/FullText/516282?ref=37#ref37
https://www.karger.com/Article/FullText/516282?ref=37#ref37
https://www.karger.com/Article/FullText/516282?ref=38#ref38
https://www.karger.com/Article/FullText/516282?ref=39#ref39
https://www.karger.com/Article/FullText/516282?ref=40#ref40

	startTableBody

