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Abstract
Catecholamines (epinephrine, norepinephrine and dopamine) are considered toxic to the melanocytes and may play an 
important role in the development of depigmented patches on the skin. This study was done to evaluate the levels of catecho-
lamines in skin and plasma samples of active vitiligo patients’ and gene expression changes in catecholamines’ metabolism 
regulatory genes (COMT and GTPCH1), immunoregulatory genes (CTLA4 and PTPN22), and Catalase in active vitiligo 
patients. In this single-centre, prospective, case–control study, 30 patients with active vitiligo were recruited and skin biop-
sies from the perilesional site and plasma samples were collected. Skin biopsies from the normal site in vitiligo patients and 
healthy controls (n = 15) and plasma samples from controls were also obtained. Catecholamines’ estimation was done via 
high-performance liquid chromatography. Gene expression variations were investigated via reverse transcription–polymer-
ase chain reaction (PCR) and real-time PCR. Epinephrine, norepinephrine and dopamine levels were significantly higher in 
perilesional skin biopsies as compared to controls (P = 0.035, 0.024, and 0.006, respectively). However, epinephrine, nor-
epinephrine and dopamine levels observed in patients’ plasma samples were comparable to controls. The mRNA expression 
level of the Catalase gene was found to be upregulated at the perilesional site of patients as compared to the non-affected 
site of same patients (P < 0.001) and healthy controls (P = 0.037). Transcriptional expression of GTPCH1 and COMT were 
observed to be increased significantly at the perilesional site of patients in comparison to controls (P = 0.004 and P = 0.046, 
respectively). Our results support the presence of oxidative stress, inflammation and induced immune response in vitiligo 
patients at the perilesional sites. The increased inflammatory response may lead to catecholamines upregulation resulting in 
oxidative stress and melanocyte damage.
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Introduction

Vitiligo is a chronic non-contagious, multifactorial pig-
mentary skin disorder causing depigmented patches on 
the body due to melanocytes destruction. Several theories 
have been proposed explaining vitiligo pathogenesis but 
the exact cause and mechanism behind melanocyte destruc-
tion is still a matter to confirm. Autoimmunity, oxidative 

stress, melanocytorrhagy, genetic and environmental causes 
are some of the factors that have been associated with viti-
ligo pathogenesis [1]. Among these, oxidative stress is a 
debated factor to be involved in disease precipitation in spite 
of genetic predisposition. Another possible phenomenon 
to be involved in vitiligo progression is an inflammatory 
response as a consequence of induced or irregulated immune 
response. The inflammatory response is known to stimulate 
the secretion of catecholamines [2]. The main biological cat-
echolamines are epinephrine (E), norepinephrine (NE) and 
dopamine (DA). Catecholamines are implicated in oxida-
tive stress development via the accumulation of their oxida-
tion products [quinones, semiquinone radicals and hydro-
gen peroxide (H2O2)] which are toxic for melanocytes [3]. 
Catalase is involved in the degradation of H2O2 and plays a 
crucial role in protecting cells against reactive oxygen spe-
cies (ROS). Inflammatory cytokines and catecholamines can 
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have a direct effect on melanocytes. Being possibly localised 
to the site of depigmentation, catecholamines’ accumula-
tion due to inflammatory response may be a reason behind 
melanocyte damage in patches in vitiligo. The inflamma-
tory response has been found to upregulate the expression 
of GTPCH1 and downregulate the COMT expression [4, 
5]. GTPCH1 plays role in maintaining the biosynthesis of 
catecholamines, while COMT is a key enzyme for the deg-
radation of catecholamines via methylation and prevents the 
formation of toxic quinones during melanin biosynthesis 
[6, 7]. Furthermore, CTLA-4 (CD152), a surface molecule 
of activated T cells, has an essential inhibitory function in 
maintaining the homeostasis of the immune system and 
increased expression is associated with higher severity in 
inflammatory diseases [8, 9]. While PTPN22 is expressed in 
T-cells, B-cells, NK cells and dendritic cells and encodes a 
tyrosine phosphatase that inhibits Src-family kinases respon-
sible for Ag receptor signalling in lymphocytes [10].

To explore the catecholamines accumulation and metabo-
lism in vitiligo patients with active disease, we analysed 
perilesional skin biopsies for the levels of catecholamines 
and its metabolism regulatory system genes, GTP cyclo-
hydrolase 1 (GTPCH1) and catechol-O-methyltransferase 
(COMT) expression pattern and compared with levels of 
these seen in the non-affected site in vitiligo patients and 
healthy controls. Further expression changes of antioxidant 
system gene, Catalase and inflammatory response regulat-
ing gene, liver X receptor-alpha (LXR-α) were investigated. 
Expression changes of cytotoxic T-lymphocyte-associated 
protein 4 (CTLA4) and protein tyrosine phosphatase, non-
receptor type 22 (PTPN22) were also observed to assess 
active immune response.

Materials and methods

Enrolment of patients and controls

In this single-centre prospective case–control study, 30 
patients of non-segmental vitiligo having active disease 
visiting the Department of Dermatology of our tertiary care 
centre were enrolled for the study after obtaining written 
informed consent. The study was approved by the institu-
tional ethics committee. Enrolled patients were not taking 
any medical treatment at least for the last 4 months. Patients 
aged < 18 years and pregnant women were not included in 
the study. Healthy donors (n = 15) of the same age group 
were enrolled for the study as controls.

Samples collection

Blood samples (4.0 ml) and only perilesional epidermal skin 
graft (up to 1.5 cm square) were taken from all 30 patients. 

An epidermal graft from a non-affected site was taken from 
six patients randomly out of all thirty patients. Blood sam-
ples and healthy skin grafts from non-tanned areas of 15 
healthy controls were also taken.

Blood samples processing for high‑performance 
liquid chromatography (HPLC) analysis

Blood samples collected in ice-cold EDTA tubes were pro-
cessed to harvest plasma by spinning for 30 min at 3500 rpm 
and 4 °C immediately. Then 250 µl of harvested plasma 
from samples was taken and sodium heparin solution (5% 
in 0.15 M NaCl) was added to it. Up to 10% of plasma vol-
ume was taken and incubated for 10 min under ice-cold 
conditions to facilitate lipoprotein precipitation. After this, 
perchloric acid was added to make the final concentration 
0.1 M in the processed sample and further incubated for 
5 min for total protein precipitation followed by centrifuga-
tion at 15,000 rpm for 30 min at 4 °C. After centrifugation, 
the supernatant was harvested and filtered with a 0.2 µm 
filter for further HPLC injection.

Skin biopsies processing for HPLC analysis

Skin biopsies were frozen in liquid nitrogen immediately 
after collection and were broken into very small pieces in a 
frozen state after weighing. After washing with phosphate 
buffer saline, tissue was transferred to an ice-cold micro-
centrifuge tube containing 250 µl of 0.1 M perchloric acid 
and then homogenized by ultrasonic disintegration over ice. 
Perchloric acid was used for protein precipitation. Lipopro-
tein precipitation was done with sodium heparin solution 
similarly to plasma samples. After homogenization and pro-
tein precipitation, samples were centrifuged at 15,000 rpm 
for 30 min at 4 °C. After centrifugation supernatant was 
harvested and filtered with a 0.2 µm filter for further HPLC 
injection.

HPLC analysis for catecholamines level in patients’ 
plasma as well as perilesional skin biopsies

HPLC separation for E, NE and DA was performed on a 
reverse-phase pinnacle II C18 (5 µm, 250 × 4.6 mm) col-
umn with Hitachi HPLC system. A volume of 20 µl per 
injection was used for each blank, standards as well as sam-
ples. Further dilution of processed samples if required was 
done with distilled water filtered with 0.2 µm filter. Mobile 
phase containing 95% of 50 mM potassium dihydrogen 
phosphate buffer with 0.5 mM of 1-octane sulphonic acid 
sodium salt and 5% of acetonitrile was passed through the 
column with a flow rate of 1.0 ml per minute. The tempera-
ture was maintained at 4 °C to avoid the decomposition of 
samples. Detection was done with a UV–visible detector at 
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280 nm. (+ −)-Epinephrine, (−)-nor-Epinephrine and Dopa-
mine hydrochloride were used as standards with working 
concentrations prepared in 0.1 M perchloric acid. Quanti-
tative analysis was based on an external standard method, 
where calibration curves were prepared with various known 
concentrations of each standard. A straight-line graph was 
obtained for peak area vs. various known concentrations 
(from 0 to 5000 pg/ml) of each standard. The concentration 
of unknown samples was further estimated as unit/ml for 
plasma samples and unit/mg of tissue samples used initially 
for analysis after considering dilution factor as well.

RNA extraction

Total cellular RNA from skin and blood samples of patients 
and controls was extracted by TRI Reagent (Ambion) fol-
lowing the manufacturer's protocol. RNA yield and purity 
was determined spectrophotometrically by measuring 
absorbance at 260 nm and 280 nm with absorbance 260/280 
ratio > 1.90. The integrity of RNA was verified by electro-
phoresis through 1.5% denaturing agarose gels stained with 
ethidium bromide.

cDNA synthesis

cDNA was synthesized with 1.0 µg of total cellular RNA 
using random hexamer primers and reverse transcriptase in 
a 20 µl reaction volume with RevertAid™ first-strand cDNA 
synthesis kit (Fermentas).

Gene amplification

Gene amplification was done with RT-PCR as well as with 
real-time PCR using RT-PCR kit (Invitrogen) and SYBR 
green master mix (Roche), respectively. Fold change was 
calculated based on real-time PCR data. β-Actin was taken 
as an internal reference gene. PCR for amplification was 
performed following pre-incubation at 95 °C for 10 min 
then amplification up to 35 cycles with denaturation at 
95 °C for 30 s, annealing at annealing temperature for 30 s 
and extension at 72 °C for 45 s, and finally incubation at 
72 °C for 10 min to stop the reaction. Primers used were as 
follows: β-actin (Ta: 60 °C), forward primer: 5′CAT​GTA​
CGT​TGC​TAT​CCA​GGC 3′ and reverse primer: 5′CTC​CTT​
AAT​GTC​ACG​CAC​GAT 3′; GTPCH1 (Ta: 55 °C), forward 
primer: 5′GGA​GTT​GCG​GTT​TTG​TTT​GT 3′ and reverse 
primer: 5′CCT​GAA​CGA​GCA​CAG​AAT​GA 3′; COMT 
(Ta: 60 °C), forward primer: 5′CAC​GTC​TGG​CAC​CTT​CAG​
TA 3′ and reverse primer: 5′ACA​CGC​TTC​TCT​TGG​AGG​
AA 3′; CTLA4 (Ta: 52 °C), forward primer: 5′CTT​CAG​
TCA​CCT​GGC​TGT​CA 3′ and reverse primer: 5′CTC​AGC​
TGA​ACC​TGG​CTA​CC 3′; PTPN22 (Ta: 55 °C), forward 
primer: 5′CAT​CGG​CAA​GAA​AGA​AGG​AC 3′ and reverse 

primer: 5′CAC​CAA​ATG​TTC​CCA​AAT​CC 3′; Catalase (Ta: 
53 °C), forward primer: 5′GAA​TCT​CCG​CAC​TTC​TCC​AG 
3′ and reverse primer: 5′AGG​CCA​GTC​CTG​ACA​AAA​TG 
3′; LXR-α (Ta: 62 °C), forward primer: 5′GAG​AGG​CTG​
CAG​CAC​ACA​TA 3′ and reverse primer: 5′ACA​GTC​ATT​
CGT​GCA​CAT​CC 3′. All primers were designed with the 
online primer designing tool Primer3.

Statistical analysis

Statistical analysis was performed with software sigma 
stat version 3.5 for data analysis for significant differences. 
Mean/standard deviation was calculated for all normally 
distributed continuous variables. The Student's t test was 
applied for comparison of catecholamines levels and gene 
expression in patients and controls. Mann–Whitney test was 
applied for gene expression comparison for the perilesional 
site of patients vs. normal healthy controls. ANOVA test was 
applied to compare the mean of continuous data. Categori-
cal/qualitative variables were analysed using the Chi-square 
test between individual groups.

Results

Level of catecholamines in blood samples and skin 
biopsies

NE, E and DA got separated with a retention time of 3.76, 
4.09 and 4.81 min, respectively (a small shift observed in the 
elution profile of samples in comparison to standards). Lev-
els of NE, E and DA observed in patients plasma samples 
were 766.08 ± 101.61, 193.46 ± 71.45 and 66.06 ± 16.41 pg/
ml, respectively, while in controls were 725.31 ± 93.45, 
198.90 ± 111.37 and 78.27 ± 6.01 pg/ml, respectively. The 
difference in these levels was not statistically significant 
among patients and controls. In perilesional skin biop-
sies, levels of NE, E and DA in patients were 3.73 ± 0.91, 
13.37 ± 4.57 and 3.84 ± 1.40 pg/mg of the sample, respec-
tively, while in controls were 2.15 ± 0.99, 6.43 ± 3.36 and 
1.53 ± 1.22 pg/mg of the sample, respectively. A significant 
increase was observed in NE (P = 0.035), E (P = 0.024) 
as well as DA (P = 0.006) in perilesional skin biopsies of 
patients in comparison to controls (Fig. 1).

Catalase upregulation and oxidative stress presence

The mRNA expression level of the Catalase gene was 
found to be upregulated at the perilesional site of patients 
in comparison to the normal healthy donor (fold change 
2.99 ± 1.76, P = 0.037) and at the perilesional site in com-
parison to the non-affected site of the same patients (fold 
change 2.76 ± 0.89, P ≤ 0.001) as well as in blood samples 
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of patients in comparison to the normal healthy donor 
(fold change 6.23 ± 10.86, P = 0.002) (Fig. 2).

Altered catecholamines metabolism

Transcriptional expression of GTPCH1 was observed 
to be increased significantly at the perilesional site 
of patients in comparison to controls (fold change 
9.14 ± 3.18, P = 0.004) as well as at the perilesional 
site in comparison to the non-affected site of the same 
patient (fold change 4.95 ± 1.96, P ≤ 0.001). The mRNA 
expression level of COMT was also found significantly 
increased at the perilesional site of patients in compari-
son to normal healthy controls (fold change 3.40 ± 2.24, 
P = 0.046) but observed to be downregulated signifi-
cantly at the perilesional site in comparison to the non-
affected site of the same patient (fold change 0.82 ± 0.12, 
P = 0.019) (Fig. 3).

Inflammatory response at the perilesional site 
in vitiligo patients

LXR-α, an inflammatory response regulating gene was found 
upregulated significantly (P = 0.006) at the perilesional site 
of patients in comparison to the non-affected site of the same 
patient with a fold change of 3.75 ± 1.28 (Fig. 4).

Increased expression level of immunoregulatory 
genes CTLA4 and PTPN22

We found mRNA expression levels of both CTLA4 and 
PTPN22 to be increased significantly at the perilesional 
site of patients in comparison to controls with fold change 
6.82 ± 1.52 (P = 0.010) and 4.24 ± 2.80 (P = 0.026), respec-
tively. In addition, both were found increased at perilesional 
site in comparison to normal site of same patient with fold 
change 2.39 ± 0.88 (P = 0.003) and 3.04 ± 0.81 (P ≤ 0.001), 
respectively (Fig. 5).

Fig. 1   Comparison for catecholamines (E, NE and DA) level in 
patients vs. controls after analyzing quantitatively with external 
standard method via HPLC; 1.1, Bar-graph of results for plasma sam-
ples; 1.2, Bar-graph of results for skin biopsies. Statistical signifi-
cance is shown by *P < 0.05; 1.3, Catecholamines elution profiles via 

HPLC analysis: A known pure standards for E, NE and DA; B Plasma 
samples of patients; C Plasma samples of controls. D Tissue extracts 
prepared from skin biopsies of patients; E Tissue extracts prepared 
from skin biopsies of controls. Peaks of Nor-Epinephrine (NE), Epi-
nephrine (E), and Dopamine (DA) are indicated
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Discussion

Oxidative stress has been postulated to play an important 
role in vitiligo pathogenesis. In our study, the levels of 
catecholamines (E, NE and DA) were found significantly 
upregulated in skin biopsies from the perilesional site of 
patients in comparison to controls. In blood samples, no 
significant difference was observed for catecholamines 

level. However, in previous studies, upregulated NE level 
in the blood has been reported as precipitating factor for 
non-segmental vitiligo [11]. Though we also observed an 
upregulated level of NE in blood samples but this was not 
statistically significant.

In addition to this, expression of Catalase was found to 
be elevated in the patient's blood as well as perilesional 
skin biopsies in comparison to normal healthy controls. 
Expression of Catalase was found more at the perilesional 

Fig. 2   Transcriptional expression pattern of Catalase. A Graphical 
representation of real-time PCR-based analysis for fold change in the 
expression level of Catalase in vitiligo patients and controls. B Aga-
rose gel electrophoresis representation for Catalase expression level 
in blood samples of controls (CB) and patients (PB). C Agarose gel 

electrophoresis representation for Catalase expression in skin biopsies 
of controls (C) as well as normal (PN) and perilesional site of same 
patients (PPL). Each bar represents the mean of relative gene expres-
sion level. Statistical significance is shown by *P < 0.05, **P < 0.001

Fig. 3   Transcriptional expression pattern for GTPCH-1 and COMT 
in vitiligo patients and controls. Graphical representation of real-time 
PCR-based analysis for fold change in gene expression level: A for 
patients vs. healthy controls; B perilesional site vs. normal site of the 
same patient. C Agarose gel electrophoresis representation for genes 

expression level for skin biopsies of normal (PN) and perilesional site 
of same patients (PPL) as well as healthy controls (C). Each bar rep-
resents the mean of relative gene expression level. Statistical signifi-
cance is shown by *P < 0.05, **P < 0.001
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site as compared to the biopsies from normal sites of the 
same patient. This may be to dissipate the increased oxida-
tive stress at the lesional site due to toxic metabolites of 
accumulated catecholamines. Molecular epidemiologic find-
ings suggest that the CAT − 89A > T variant genotypes were 
associated with a significant decrease in Catalase enzyme 
activity and a genetic predisposition for vitiligo in Chinese 
people [12].

To explore it further, we found upregulated expressions 
of catecholamines’ metabolism regulatory genes COMT and 
GTPCH1 at the perilesional site of patients in comparison to 
normal healthy controls. Though on comparing with same 
patient's normal site, COMT expression was observed down-
regulated at the perilesional site, while GTPCH1 was still 
found upregulated. Increased expression of catecholamines 
metabolism regulatory genes COMT and GTPCH1 at the 

perilesional site of patients in comparison to normal healthy 
controls observed in the present study is probably associated 
with the increased level of catecholamines. As GTPCH1 
plays role in maintaining biosynthesis of catecholamines, 
while COMT facilitates catecholamines degradation via 
methylation. Thus, upregulated GTPCH1 expression level 
supports more biosynthesis and more secretion of catecho-
lamines, while COMT upregulation may be to normalize 
the catecholamines concentration by inducing the degrada-
tion of catecholamines. The observed lower level of COMT 
expression at the perilesional site of a patient in comparison 
to the normal site probably contributes to the accumulation 
of catecholamines at the perilesional site. An appropriate 
cause behind this lowered level of COMT expression may 
be an inflammatory response that has been reported earlier to 
downregulate COMT expression [4]. Induced inflammatory 

Fig. 4   Transcriptional expression pattern for LXR-alpha in vitiligo 
patients: A Graphical representation of real-time PCR-based analysis 
for fold change in expression level at perilesional site vs. normal site 
of the same patient. B Agarose gel electrophoresis representation for 

expression level in skin biopsies of normal (PN) and perilesional site 
of the same patient (PPL). Each bar represents the mean of relative 
gene expression level. Statistical significance is shown by *P < 0.05, 
**P < 0.001

Fig. 5   Transcriptional expression pattern for CTLA-4 and PTPN-22 
in vitiligo patients and controls. Graphical representation of real-time 
PCR-based analysis for fold change in gene expression level: A for 
patients vs. healthy controls; B perilesional site vs. normal site of 
same patients. C Agarose gel electrophoresis representation for genes 

expression level for skin biopsies of normal (PN) and perilesional site 
of same patients (PPL) as well as healthy controls (C). Each bar rep-
resents the mean of relative gene expression level. Statistical signifi-
cance is shown by *P < 0.05, **P < 0.001
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response at the perilesional site probably inhibits the upreg-
ulation of COMT expression level which further leads to 
reduced catabolism the increased level of catecholamines 
and reduced neutralization of its toxic effects. Along with 
this, the inflammatory response has also been known to 
induce GTPCH1 expression [5].

We observed an upregulated LXR-α expression at the per-
ilesional site than the normal site of patients that support 
the presence of more inflammatory response at the perile-
sional site. Previous studies have reported increased inflam-
matory response in vitiligo patients’ serum that may be a 
consequence of induced immune response in patients [13, 
14]. To confirm the presence of an active immune response, 
upregulated levels of CTLA4 and PTPN22 were observed 
at the perilesional site of patients in comparison to nor-
mal healthy controls as well as the normal site of the same 
patient. Elevated expression levels support the presence of 
induced immune response accordingly. Increased CTLA4 
expression has been correlated with higher severity in other 
inflammatory diseases [9]. An inverse association has been 
found between PTPN22 expression level and the number of 
pre-Tregs and Tregs cells [15]. Treg cells are known to have 
a role in maintaining inflammatory response as depletion in 
Treg cells can upregulate proinflammatory cytokines [16]. 
An aberration in the suppressive function of regulatory T 
cells (Tregs) has been reported in vitiligo patients [17, 18], 
while an increase in Treg cells has been observed to prevent 
the development of vitiligo [19]. Thus, an increased PTPN22 
expression in vitiligo patients as observed in our study sup-
ports the possible role of PTPN22 in inducing inflammatory 
response via Treg cell inhibition. Furthermore, an increased 
inflammatory response has been reported to induce catecho-
lamines secretion [2]. Thus, observed upregulated catecho-
lamines levels in skin biopsies may be in response to inflam-
matory cytokines. Alteration in catecholamines metabolism 
due to improper degradation via COMT can lead to accumu-
lation of their by-products which are toxic to melanocytes 
and can cause oxidative stress development. Furthermore, 
genetically predisposed weak antioxidant system in vitiligo 
patients may be an additional factor responsible for mel-
anocyte damage [20]. Upregulation of GTPCH1 expression 
itself may be in response to oxidative stress as maintenance 
of tetrahydrobiopterin (BH4) homeostasis is critical for the 
preservation of cellular redox balance, while de novo syn-
thesis of BH4 is under the strict control of the rate-limiting 
enzyme GTPCH1 [7, 21]. Moreover, BH4 has been reported 
to have reactive oxygen species scavenging activity [22]. 
Thus, increased immune response as evidenced by increased 
CTLA4 and PTPN22 expression, elevated catecholamine 
levels supported by increased GTPCH1 and decreased 
COMT expression and increased Catalase levels observed 
in our study point towards increased oxidative stress at the 
perilesional sites in active vitiligo patients.

Conclusion

Accumulation of catecholamines and their by-products 
can lead to oxidative stress development due to improper 
metabolism. An inflammatory response is a possible cause 
of induced catecholamine secretion. Possibly catecholamines 
and inflammatory cytokines are two immediate factors to 
initiate a cascade effect for cell death after causing oxidative 
stress as well as alteration of differential gene expression 
system of melanocytes leading to the deterioration of cell 
physiology and cell death ultimately.
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