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ABSTRACT. The serotonin transporter (5-HTT) is of great significance
in the control of the serotonergic system, and its expression is known
to be upregulated in psoriasis, a chronic or recurrent inflammatory skin
disease. We investigated a possible association between the 5-HTT
gene-linked polymorphic region (5S-HTTLPR) and psoriasis in a Thai
population. One hundred and fifty-six psoriatic patients and 156
unrelated healthy controls from Bangkok were genotyped using PCR.
We found no overall differences in genotype distributions or allele
frequencies between the two groups. In addition, when subgroups of
psoriatic patients classified by either onset or severity were analyzed,
no significant association between this polymorphism and any subgroup
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was observed. We conclude that 5-HTTLPR is not associated with
susceptibility to psoriasis in this Thai population.
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INTRODUCTION

Psoriasis, a chronic inflammatory skin disorder, is characterized by an excessive pro-
liferation and abnormal differentiation of keratinocytes and affects approximately 2-4% of the
population worldwide. Since psoriasis arises in connection with stress and mood disorders
(Peters et al., 2000; Griffiths and Richards, 2001) and sometimes has been shown to be ag-
gravated in patients after therapy with antidepressants (Barth and Baker, 1986; Osborne et al.,
2002; Tan Pei and Kwek, 2010), the pathophysiological role of serotonin (5-hydroxytrypta-
mine, 5-HT) has received substantial attention. Fundamentally, 5-HT is not only synthesized
by enterochromaffin cells of the gut and the serotonergic neurons of the brain, but also other
cells including lymphocytes (O’Connell et al., 2006). Since 5-HT is accumulated in the plate-
lets and released at inflammatory sites (Geba et al., 1996) and platelet functions have been
shown to be associated with dermal diseases (Kasperska-Zajac et al., 2008), the potential par-
ticipation of 5-HT in psoriasis is strongly supported. Based on the experimental evidence that
stress and stress-related hormones promote 5-HT synthesis (Azmitia Jr. and McEwen, 1969;
Azmitia et al., 1993), 5-HT may therefore serve as a critical mediator in a neuro-immuno-
cutaneous-endocrine model (O’Sullivan et al., 1998).

The serotonergic system, which consists of 5-HT-producing cells, 5-HT receptors (5-
HTR) and 5-HT transporters (5-HTT), may play an important part in psoriasis. In supporting
this assumption, we formerly noticed a comparable 5-HT level in serum of psoriatic patients and
healthy controls, but a significant decrease of 5-HT was observed in the patients’ platelets (Ten-
comnao et al., 2007). Huang et al. (2004) demonstrated that expression of 5-HT was significantly
higher in the prickle cells, sweat gland cells, sebaceous gland cells, and hair roots of the lesions
in the progressive stage of psoriasis than in the static stage, while no expression of 5-HT was de-
tected in the specimens of normal skin. Accordingly, 5-HT has been considered one of the modi-
fiers of pruritus in psoriasis (Reich and Szepietowski, 2007). Regarding another component of this
particular scheme, it was demonstrated that expression of 5-HTR type 2A (5-HTR2A), a mediator
of the downstream effects of 5-HT, was significantly higher in involved and noninvolved psoriatic
skin than that of normal skin, as involved psoriatic skin had the highest 5-HTR2A level (Nor-
dlind et al., 2006), thereby supporting its molecular role in promoting cell proliferation (Azmitia,
2001). Most recently, the -1438A allele of the -1438A/G polymorphism of the 5S-HTR2A gene
was shown to be associated with late-onset psoriasis (Ronpirin et al., 2010).

In controlling the duration and potency of the interactions between 5-HT molecules
and their receptors, 5S-HTT (a member of the Na*/CI'-dependent membrane transporter family)
modulates serotoninergic neurotransmission by active reuptaking of 5-HT from synaptic cleft
into presynaptic nerves (Amara and Pacholczyk, 1991). The 5-HTT gene, which has the official
gene symbol SLC6A44 (solute carrier family 6 [neuro-transmitter transporter, serotonin], mem-
ber 4), spanning a 37.8-kb region on chromosome 17q11.1-12, comprises 14 exons and codes
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for a protein of 630 amino acids with 12 putative transmembrane domains (Ramamoorthy et al.,
1993). Interestingly, it is worth mentioning that the psoriasis locus has been mapped to the chro-
mosome 17q terminus (Tomfohrde et al., 1994; Hwu et al., 2005). 5-HTT gene expression has
been found in both serotoninergic neurons and platelets with identical sequences (Lesch et al.,
1993). To date, the most well-characterized and extensively studied polymorphism in this gene
is a 44-bp insertion/deletion in the promoter region termed the 5-H7T gene-linked polymorphic
region (5-HTTLPR) (Lesch et al., 1994; Heils et al., 1996). With regard to its functional signifi-
cance, the long (1) allele of 5-HTTLPR has been shown to generate higher transcriptional activ-
ity than the short (s) allele in numerous cells including the human placental choriocarcinoma
cell line (Heils et al., 1996), lymphoblast cell line (Lesch et al., 1996) and immortalized seroto-
nergic raphe neurons (Mortensen et al., 1999). As far as psoriasis is concerned, the expression
of 5-HTT has been recently found redistributed in the keratinocytes of involved skin regions
with not only higher numbers of 5-HTT-positive dendritic or round mononuclear cells in the
epidermis of involved psoriatic skin, but also higher numbers of 5-HT T-positive round inflam-
matory cells in the dermis of involved psoriatic skin when comparing to either non-involved
psoriatic skin or normal skin (Thorslund et al., 2009). Therefore, we examined the possible
association between 5-HTTLPR and psoriasis in a Thai population.

MATERIAL AND METHODS

Subjects

We successfully genotyped genomic DNA samples obtained from 156 Thai patients
with psoriasis diagnosed clinically by experienced dermatologists at King Chulalongkorn Me-
morial Hospital, Bangkok and Sappasitprasong Hospital, Ubon Ratchathani, and from 156
unrelated healthy Thai volunteers without a family history of psoriasis recruited from the Na-
tional Blood Center, Thai Red Cross Society and from the Faculty of Allied Health Sciences,
Chulalongkorn University. Each patient was classified according to the onset of disease: early
onset (<40 years of age) or late onset (>40 years of age). To address the severity of psoria-
sis, the Psoriasis Area and Severity Index (PASI) was used to classify the psoriatic patients
into two different levels: level 1 = PASI <10; level 2 = PASI >10. The Ethics Committee of
Medical Experiments on Human Subjects (Faculty of Medicine, Chulalongkorn University)
approved the study. Informed consents were obtained from all participants prior to inclusion
in the study. The characteristics of the subjects are summarized in Table 1.

DNA isolation

DNA was extracted from leukocytes collected with ethylenediaminetetraacetic acid
(EDTA) as an anticoagulant, using either the salting-out method or the FlexiGene DNA kit
(Qiagen GmbH, Hilden, Germany).
Genotyping of the S-HTTLPR polymorphism

Genotyping of the S-HTTLPR polymorphism was performed by polymerase chain reac-
tion (PCR) using 7ag PCRx DNA polymerase (Invitrogen, Carlsbad, CA, USA). The oligonucle-
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otide primers (5-HTTLPR-forward: 5-GGCGTTGCCGCTCTGAATTGC-3' and 5-HTTLPR-
reverse: 5'-“-GAGGGACTGAGCTGGACAACCAC-3") previously reported by Heils et al. (1996)
were employed. Briefly, PCR amplification was carried out in a final volume of 25 pL contain-
ing 50-100 ng genomic DNA template, 0.2 mM each deoxyribonucleotide, 0.2 uM forward and
reverse primers, 2X PCRx enhancer solution, 20 mM Tris-HCI, pH 8.4, 50 mM KCI, 1.5 mM
MgSO, and 1.25 U 7aq DNA polymerase. After denaturing for 2 min at 95°C, the desired DNA
fragment was amplified for 35 cycles of 95°C for 30 s, 60°C for 30 s, and 68°C for 1 min with a
final extension at 68°C for 10 min. PCR products along with 100-bp DNA ladder (New England
Biolabs, Beverly, MA, USA) were electrophored on 3.5% agarose gel and visualized by ethidium
bromide staining. The s allele is 44 bp shorter than the 1 allele because of a deletion.

Statistical analysis

Gender data were compared by the chi-square (%) test in contingency tables. Differ-
ence in age data between case and control groups was examined using the unpaired Student
t-test. Hardy-Weinberg equilibrium (HWE) for the genotype distributions was estimated by
the y? test. Allele and genotype frequencies were compared between the group of patients
with psoriasis and healthy controls using the * test with Yates correction. Additionally, com-
parisons between the subset of psoriatic patients by either onset or severity of disease and the
healthy control group were performed. A P value of <0.05 was considered to be significant.
Odds ratios with a 95% confidence interval were calculated using EpiCalc 2000 version 1.02
(http://www.brixtonhealth.com/epicalc.html).

RESULTS

Characteristics of patients with psoriasis and healthy controls were compared with
regard to gender and age (Table 1). There was no statistically significant difference between
these two groups with respect to gender (P = 0.909). Nevertheless, there was a difference in
age between the two groups (P < 0.001). In particular, proportions of 30-year-olds were high
in the control group, whereas proportions of older subjects were elevated in the patient group.

Table 1. Characteristics of the psoriatic patients and healthy controls.

Psoriasis* Early-onset Late-onset PASI <10 PASI >10 Healthy
psoriasis psoriasis controls
Total number of subjects 156 99 51 93 60 156
Males, N (%) 88 (56.41) 51(51.52) 33 (64.71) 49 (52.69) 37(61.67) 86 (55.13)
Females, N (%) 68 (43.59) 48 (48.48) 18 (35.29) 44 (47.31) 23 (38.33) 70 (44.87)
Age at enrolment
(years), mean (SD) 46.32 (14.69)  39.96 (11.61) 58.62 (12.61) 46.68 (15.45) 45.78 (13.76)  36.52 (10.94)
Age at onset of symptoms
(years), mean (SD) 35.96 (15.50)  27.16 (8.52) 53.20(10.93) 37.69 (15.96) 33.36 (14.54)

*Clinical data of only a few psoriatic patients were not available with respect to either onset or severity of disease.
PASI = Psoriasis Area and Severity Index.

The 5-HTTLPR genotype distributions and allele frequencies for the two groups are
shown in Table 2. Their genotype distributions were in HWE in both patients with psoriasis ()
=0.31, d.f. = 1, P=0.580) and healthy controls (y* = 1.20, d.f. = 1, P=0.274). In the associa-
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tion study, there was no significant difference between the two groups with respect to either
genotype distributions or allele frequencies. In analysis of the subsets of psoriatic patients
classified by onset and severity of disease, no significant difference was observed between
these subgroups and healthy controls.

Table 2. Genotype distributions and allele frequencies of the 5S-HTTLPR in all psoriatic patients, subset of
psoriatic patients classified by onset and severity of disease, and healthy controls.

Variables Genotype Allele
ss sl 1l 7, df =2 P N 1 xLdf =1 P OR (95%CTI)

Psoriasis 79 62 15 1.39 0.500 220 92 0.00 1.000 1.02

(N=156) (50.64%) (39.74%) (9.62%) (70.51%)  (29.49%) (0.72-1.43)
Early-onset 52 39 8 0.93 0.628 143 55 0.15 0.695 1.10

(N=99) (52.53%)  (39.39%) (8.08%) (72.22%)  (27.78%) (0.74-1.64)
Late-onset 24 21 6 1.20 0.548 69 33 0.13 0.718 0.89

(N=151) (47.06%)  (41.18%)  (11.76%) (67.65%) (32.35%) (0.55-1.44)
PASI <10 39 44 10 1.38 0.503 122 64 0.94 0.332 0.81

(N=93) (41.94%)  (47.31%)  (10.75%) (65.59%)  (34.41%) (0.55-1.19)
PASI >10 37 18 5 433 0.114 92 28 1.49 0.221 1.39

(N =60) (62.71%)  (30.51%) (8.47%) (76.67%)  (23.33%) (0.86-2.27)
Control 74 71 11 - - 219 93 - - -

(N=156) (47.44%) (45.51%) (7.05%) (70.19%)  (29.81%)

d.f. = degrees of freedom; OR = odds ratio; CI = confidence interval. PASI = Psoriasis Area and Severity Index.

DISCUSSION

Regarding the importance of S-HTTLPR in the regulation of 5-HTT activity, various
groups have examined this functional promoter polymorphism for possible association with
numerous disorders, particularly neuropsychiatric disorders. Psoriasis appears to be stress-
associated, and it has been well documented that stress and stress-related hormones are closely
connected to the serotonergic system. Only a few groups to date have attempted to prove the
hypothesis that S-HTTLPR polymorphism plays a part in psoriasis susceptibility. Recently, no
association between S-HTTLPR polymorphism and psoriasis was found in German Caucasian
samples when comparing between all psoriatic cases and healthy controls, and no difference
in genotype distributions was observed when taking different onsets of psoriasis into account
(Mdssner et al., 2009). Nevertheless, the association study between the S-HTTLPR polymor-
phism and psoriasis severity has not been carried out. This should have already been addressed
since there is scientific evidence for certain polymorphisms influencing disease severity in
psoriasis (Kingo et al., 2003).

Notably, global variations in the allelic frequencies of the S-HTTLPR polymorphism have
been reported among European, European American, African American, Japanese, native Ameri-
can, Chinese, and African populations (Gelernter et al., 1997, 1999). To this end, association stud-
ies in distinct ethnic populations may reveal different results. Therefore, our present study aimed
at investigating a potential association between S-HTTLPR polymorphism and psoriasis in a Thai
population. Regarding the allele frequencies of this polymorphism, our finding was in agreement
with studies carried out in Asian populations, especially Chinese whose allele frequencies were 71
and 29% for s and I, respectively (Tsai et al., 2000; You et al., 2005). In contrast, analyses of the
5-HTTLPR polymorphism in Caucasian populations have showed | as the most common allelic
type (Ospina-Duque et al., 2000; Haberstick et al., 2006; Mossner et al., 2009). In our present
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investigation, no significant association was found when comparing between healthy controls and
either all psoriatic patients or psoriatic patients classified by onset of psoriasis, thus being in agree-
ment with the study by Mdssner and colleagues (2009) in a German population.

Recently, it has been reported that certain genotypes of cytokine gene polymorphisms are
more predominant in psoriatic cases with moderate severity (Settin et al., 2009). This particular
finding suggests that certain genetic variations may be considered as severity-modifying polymor-
phisms with respect to psoriasis. In fact, the patients can be generally divided into three groups
(mild, moderate and severe) according to the PASI score. In our investigation, we classified psori-
atic patients into two groups only as a group of patients with severe psoriasis would be too small,
thus combining patients with moderate and severe psoriasis in the same group. Nevertheless, an
association between the 5-HTTLPR polymorphism and psoriasis severity was not found.

Regarding a point of concern, the observed difference in age between patients with
psoriasis and healthy controls in both our present study and the German study may affect
the outcome in the association test. For instance, certain healthy controls with young ages at
enrolment may develop psoriasis in the future. Nonetheless, the age-influenced outcome may
be unlikely since both studies showed no significant association even between the S-HTTLPR
polymorphism and early-onset psoriasis. In fact, the numbers of psoriatic patients with early
onset were predominant since they accounted for approximately 60 and 70% of the entire pa-
tient group in our current study and the German study, respectively.

In conclusion, the present study found no significant differences in genotype distribu-
tions and allele frequencies of S-HTTLPR polymorphism when patients with psoriasis, either
overall or subsets classified by onset and severity, were compared with healthy controls. Nev-
ertheless, we recommend that future research should explore not only larger sample sizes, but
also distinct ethnic samples. Given the potential role of the serotonergic system in the etiology
of psoriasis, studies on numerous functionally relevant genetic variations of the major genes
of this system should not be forgotten. Particularly, discovering or developing drugs influenc-
ing the serotonergic system might be a desired mission since these types of chemicals, such
as selective 5-HT reuptake inhibitors, are commercially available and commonly utilized for
therapeutic purposes.
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