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ABSTRACT A 44bp insertion/deletion in promoter of 5SH{HHydroxyTryptamineTransporter) exists as a polymorphism

in general population resulting in 3 genotypes(&28 base pair), LS and SS (484 base pair) .The transcriptifinedrefy

of the Lallele is 2-3 fold higher than the S allelde L-allelic variant of the 5-HT§ene promoter is associated with 5-

HTT overexpressionlhis higher expression of the transporter leads to higher uptake of serotonin, resulting in activation
of mitogenic pathways thereby inducing smooth muscle hyperplBiseéastudy focuses on the possible association of
5HTT insertion/deletion promoter polymorphism with Idiopathic Pulmoratgrial Hypertension (IRH) patients and
distribution of the polymorphism among the control individuals from Indian population. In the presentstuigyH

cases and 100 controls were considered for comparative analysis. DNA samples from controls and patients were amplified
using Polymerase Chain reaction and the products were genotyped on 2% agarose gel stained with ethidium bromide.
Frequency of Lallele was found to be much higher irAHP (0.538) as compared to controls (0.33B)e LL and LS
genotypes were found to be at an higher risk fBHRas compared to SS genotype (OR 43,1CI -1.293 ,7.579 and OR-

5.250, CI- 2.186 - 12.776Fhe mRASP (mean pulmonary artery systolic pressure) was also significantly higher among

the LLand LS genotypes when compared to the SS genotypAtthg&tients.The lallele could be a possible risk factor

for IPAH and play a significant role in disease progression

INTRODUCTION a combination of all three, that act as triggers for
the onset and may also contribute to the progr
Idiopathic PulmonanArterial Hypertension  ession of the disease (Machado et al. 2805;
(IPAH) is a rare and often fatal disease of un-an and Rubin 2005).
known etiology characterized by an increase in ~ Serotonin and the serotonin transporter are
pulmonary vascular resistance and elevated pulimplicated and contribute to the pathogenesis of
monary artery pressure (®iP>25 mm Hg at IPAH and RAH induced by serotongic appe-
rest or > 30mmHg during exerci¢Bubin1997). tite suppressant drugs (Fishman 2004). Seroto-
Itis characterized by vasoconstriction, vasculamin is a vasoconstrictor as well as a mitogen, caus-
remodeling and in situ thrombosis of pulmonarying hyperplastic and hypertrophic changes in
arteries. Progressive increase in pulmonary vassmooth muscles (Pakala et al. 1994). Serotonin
cular resistance leads to right ventricular hearttauses vasoconstriction of pulmonary artery
failure and eventual death. PathogenesisAifllP  smooth muscle cell &5MC) by interacting with
is complicated and multifactorial. Mutations in 5-HT,, 5-HT,,, and 5-HT,_ receptors, while the
BMPR-2are considered to be the genetic basisuptake of 5HT into the intracellular compart-
for familial PAH and 26% of sporadic M cases ment of RSMC occurs via the serotonin trans-
(Thompson et al. 2000; Machado et2001). porter (5HTT), that causes smooth muscle cell
However it has been observed that in addition proliferation and vascular remodelirfgn epi-
to defects within BMPR-2 gene, there is poten-demic of IRAH was reported in Europe in 1980’
tial requirement of “multiple hits”, whicmay  that was found to be associated with the use of
be genetic, environmental or acquired factors omppetite suppressants like fenfluramine that se-
lectively inhibit the reuptake of 5HT (Rothman
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ated with reduced transcriptionafiefency of ~ 72°C for 1 min and followed by final extension
the gene that results in lower serotonin uptakeof 5mins).The PCR products were then ana-
activity and subsequent low functional expres-lyzed in 2% agarose (Signdddrich, Germany)
sion of the transporter (Lesch et al. 1994). gel stained with ethidium bromide.

In a studythe LL genotype was found in
65% of IPAH cases (French subjects) and this Satistical Analysis
genotype was associated with susceptibility
to the disease (Eddahibi et al. 2001). Howgver Allelic and genotypic frequencies were cal-
another study did not find any association ofculated to establish /examine deviations from
5HTT polymorphism with the risk of develop- Hardy-Weinbeg equilibrium. Epidemiological
ing pulmonary hypertension in patients of Eu-and clinical variables like age at onset, Pulmo-
ropean ancestfMachado et al. 2006). nary Artery Systolic Pressure f&SP) values

In view of the conflicting data, we wanted to and Tricuspid Regugitation (TR) velocities
study the distribution of insertion/deletion pro- are expressed as the mean (SD) for intra group
moter polymorphism within the serotonin tra- comparisons. Odds ratios are given with 95%
nsporter gene in AH in Indian Population. confidence limits and level of significance.

METHODOLOGY RESULTS

The present study was approved by the Insti- The data analysis showed that there was a
tutional Ethics Committee of Care Hospitals, significant diference in the frequencies of 5-HTT
HyderabadAndhra Pradesh, Indidhe patient  genotypes (SS, LS, LL) between the control and
population included 65 idiopathic pulmonary patient groups @ble 1). High frequency of
hypertension patients (32 males and 33 femalesS genotypes was observed in controls (57%)
attending CARE hospital, during the period whereas in IRH patients LS genotype was pre-
2003-2007The diagnosis was based on clinical dominant (43.07%) followed by LL genotype
features supported by Doppler echocardiogra{32.03%).
phy and other tests as needed to make a diagno- The L allele and S allele frequency was found
sis of idiopathic pulmonary hypertensiorhe  to be 0.335 and 0.665 respectively in healthy
control group consisted of 100 random healthy subjects as compared to 0.5384 and 0. 4615 in
unrelated volunteers, without any history/family IPAH patients. (&ble 1).
history of heart, lung and other systemic disor
ders. Informed written consent was obtainedTable 1: Genotype and allelic fequency distribution
from all the patients and controls before draw-of SHTT genotypes in contols and IPAH group

ing blood samples. Blood samples were place&eno- Con- Patients Allelic Cont- Patients
in EDTA vacutainers tubes and stored at -20°Qype trols frequ- rols
until the time of assay n (%) n(%) %

Genomic DNA was extracted from peripheral ss™ 57 (57) 16 (2461) s 0665 0.461
blood leukocytes using rapid non-enzymaticLs 19 (19) 28 (43.07) L 0.335 0.538
DNA isolation method (Lahari and Nurunger ~ LL 24 (24) 21 (32.03)

1991) Polymerase chain reaction (PCR)-ampli-

fication was carried out using Eppendorf Mas-  Table 2 gives the odds ratio offdifent 5 HTT

ter Cycler gradient, Germany with the Forward genotypes in IRH group versus the controls.
primer 5’GGCGTTGCCGCTCTGARGC3’  An increased risk of LL genotype was found
and Reverse primer 5’GAGGGACTGAGC when compared to SS genotype. (OR 13,LlI
TGGACAACCACS' (Generay Biotech, Shan- -1.293 ,7.579 ).Odds Ratio of LS vs SS geno-
gai) in a total volume of 25ul solution contain- type was also highly significant (OR-5.250, CI-
ing 100 ng genomic DNA,10 mWris-HCI (pH  2.186 - 12.776) This data further supports the
8.3), 50 mM KCI, 1 mM MgCI2, 100 mM implicated role of L allele in pathogenesis of
dNTPs), 1%Titon X, 0.2 mM of each primer |PAH.

and 1.5 U ofTaq polymerase (Sigmaldrich, The oddsratioof LLvs LS and LS vs LL was
Germany) for 35 cycles (Initial denaturation not found to be statistically significant.

95°C 10 min,94°C for 1 min, 60°C for 1 min,  Table 3 gives a comparison of mean age at
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Table 2: Odds test of association of 5SHTGenotypes in  lighted when mice tgeted withrbHTTgene di-

IPAH in comparison to controls sruption, developed less severe hypoxic pul-
Genotype Cont- IPAH Odds 95%Cl monary hypertension than wild-type controls,
rols ratio and the selective 5-HTT inhibitors were able to
LLvs SS 24 21 3.117* 1.293- 7579 attenuate hypoxic pulmonary hypertension
57 16 (Eddahibi et al200Q. Converselyincreased
LLvs LS ig gé 0.594 0.283- 1.470 5HTT expression was associated with increased
Wusoers 20 21 1sn o7 saon vl of R pulmonary hypertension
LS vs SS 19 28  5.250* 2.186 - 12.776 The 5-HTT expression is genetically contro-
57 16 lled and the insertion /deletion promoter poly-
LS vs LL 19 28 1684 0680- 4191 morphism affects its transcriptional activity
LS vs others ig gé 2713* 1201 . 5730 Where the long (L) promoter variant has been
81 44 shown to be associated with increased 5-HTT
Othersvs SS 43 49 4.060* 1.935- 8.600 expression as compared with the short (S) vari-
57 16 ant and results in increased 5-HTT uptake (Lesch
*p<0.05 et al. 1994).

It has been shown in bovine and rat$MVICs,

onset, mean Pulmona#ytery Pressures (P that the mitogenic and comitogenidegits of
SP) and meaffiricuspid Regugitation velocity ~ °-HT require internalization of indoleamine by
(TR velocity) amongst the 3 genotyp&he me- @ high-afinity and selective transporter (Lee et
an age at onset for L(23.85+1.5) LS (23.64 al. 1991). Serotonin activates the Ras or Rac or
+10.9) and SS (24.5 +13) genotypes was almospoth pathways that activate NADP(H)oxidase
similar. A significant diference was seen with Producing a reactive oxygen species( ROS)
respect to the meamBPlevels in the three ge- .Which activates ERK and/or MAP Kinase path-
notypes LL(111.05 + 24.4) , LS(97.95 + 19) and Way, inducing hyperplasia (Lee and Fangpur
SS (92..71+ 27.2). No significant téfence  2000). _

was found with respect to tHER velocities The Lvariant of the 5-HTTgene polymor

(LL,4.7+0.65; LS, 4.5+0.558 ; SS,4.4+0.893).  Phism was associated with 5-HTT overexpre-
ssion and was found to be more common in pa-

Table 3: Comparison of mean age at onset, mean t€nts with IAH (65%) than in controls (27%),
pulmonary artery systolic pressue and meanTR implying that this allele may confer susceptibil-

velocities in SHTT genotypes in IAH group ity to IPAH (Edahibi et al. 2001)The role for
Geno- Age at onset mMEASP mTR velo- the long variant of 5SHTT has also been impli-
type X =+SD X +SD city X+SD  cated in the pathogenesis of early onsaHP

in 90% of children included in another study
I[Ié nggi J;r ]11(').59 1&%%121%% ij§i8j§§8 (Vachharajani and Saunders 2005). Howgver
SS 245 +13.0 92.71+27.2 44+0893 the sample size in this study was considered
very small to completely support this hypothesis.
DISCUSSION In a lager cohort study involving 528 patients
with familial pulmonary arterial hypertension
The 5-HTT transporter is abundantly ex- (FPAH), Associated Pulmonarrterial Hype-
pressed in the lung, where it is predominantlyrtension (ARRH) and Idiopathic Pulmonary
located on RSMCs (Ramamoorthy et al. 1993). Arterial Hypertension (IRH) of European an-
Hyperplasia of pulmonary artery smooth musclecestry no increased risk/susceptibility of LL
cells (A-SMCs) is pathological hallmark of genotype was found, contradicting the earlier
IPAH and isan important component of pul- reports.(Machado et al. 2006)
monary vessel remodeling that results in in- In our study though the frequency of LS ge-
creased thickness of the medial muscular coat imotype was found to be highest followed by LL
normally muscular arteries and in extension ofgenotype in IRH cases, the frequency ofdl-
muscle into smaller and more peripheral artedele was much higher than that of controls, indi-
ries (Rabinovitch et al. 1979he role of 5-HTT  cating that the L allele may be playing a role in
in pulmonary vascular remodelling was high- susceptibility to IRH. Also as compared to SS
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genotype both LL and LS genotypes are seen aiypes (LL,23.8;LS,23.64;SS,24.5). But an inter
a significantincreased risk forAPl (OR - 3.117,  esting observation in this small study is the fact
Cl -1.293 ,7.579 and OR-5.250 , CI- 2.186 -thatthe mean age at onset iAHPpatients from
12.776). India is found to be much earlier than the repor
The RA-SMCs from patients with Bk®H have  ted 36 yrs from western world (Ghamra and
been shown to grow faster thafs-BMCs from  Dweik 2003) .
controls when stimulated by serotonin or serum However in the present studpetween LL
(Eddahibi et al. 2001).In the same study it wasand LS genotype the odds ratio was not found to
shown that the uptake of 5-Hilas more by & statistically significant. Hence, among the two
SMCs with the LL genotype than cells with the genotypes, which genotype is at a higher risk
LS or SS genotype and the growth-stimulatingcould not be brought out completelyis how-
effects of 5-HTor serum were more marked in ever possible that the severity of the disease (hy-
LL cells than the other two types indicating that perplasia) may vary with respect to the above
the capability of R-SMCs to proliferate in re- two genotypes as indicated by the meASP
sponse to serotonin or serum was directly linkedvalues, which needs to be confirmed by other
to the functional polymorphism of the 5-HTT studies.
gene promoterAlso, the SHTTactivity was

shown to be higher in LS thanin SS cells refut- CONCLUSION
ing the earlier reportghat suggested that the
S allele is the dominant allele. In the present studyhe Lallele for SHTT

Marcos et al. (2006) have shown tha-P Was observed to hea possible genetic risk fac-
SMCs from patients exhibited higher 5-HTT tor for IPAH. However it is more likely that the
levels as compared to controls with same geno2HTT genotypes (LL,LS) are not the direct cause
type. There were no additional promoter se- of the disease but may play a significant role in
quence alterations to explain the safifeus the ~ disease progression by contributing to the vas-
over expression of SHTT in the diseased stat€ular remodeling that is seen if#? or by other
cannot solely be attributed to the LL genotypeMechanismsie also report a much earlier age
and other regulatory mechanisms that influencedt onset of IRH in Indian population than that
5HTT gene expression may also be involved . feported in literature to date.
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