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Summary

Background Genetic predisposition to psoriasis, an inflammatory skin disease affect-
ing 0�2–4% of the world population, is well established. Thus far, 41 psoriasis
susceptibility loci reach genome-wide significance (P � 5 9 10�8). Identifica-
tion of genetic susceptibility loci in diverse populations will help understand the
underlying biology of psoriasis susceptibility.
Objectives The primary objective of this study was to examine psoriasis susceptibil-
ity associations previously reported in Chinese and caucasian populations in a
Pakistani cohort.
Methods Blood samples and phenotype data were collected from psoriasis cases
and controls in Islamabad, Pakistan. DNA was isolated and genotypes of selected
susceptibility markers were determined. The data were analysed using v2 tests or
logistic regression for psoriasis association.
Results HLA-Cw6 showed the strongest association [odds ratio (OR) 2�43,
P = 2�3 9 10�12]. HLA-Cw1 showed marginally significant association (OR 1�66,
P = 0�049), suggesting that the HLA-Cw1-B46 risk haplotype may be present in
the Pakistani population. Three other loci (IL4/IL13, NOS2, TRAF3IP2) showed
nominally significant association (P < 0�05).
Conclusions HLA-Cw6 is strongly associated with psoriasis susceptibility in the Paki-
stani population, as has been found in every other population studied. In addi-
tion, HLA-Cw1 showed marginal association, reflecting the relative geographical
proximity and thus likely genetic relatedness to other populations in which the
HLA-Cw1-B46 haplotype is known to be associated. A larger cohort and a denser
marker set will be required for further analysis of psoriasis associations in the
South Asian population.

What’s already known about this topic?

• Psoriasis is an autoimmune disease with 41 known genetic loci of genome-wide

significance. All of these loci have been identified in European caucasian or Chinese

populations.

What does this study add?

• Analysis of this Pakistani cohort showed genome-wide significant association for

HLA-Cw6, and nominal significance for three other loci.

• This study also found nominally significant association with HLA-Cw1, an associa-

tion not previously observed outside Thailand and Japan.
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Psoriasis is a chronic inflammatory disease of the skin affecting

about 2% of people of European descent. Psoriasis occurs in

nearly all other world populations as well, albeit with lower

prevalence. Early epidemiological studies and anecdotal reports

of immune suppressants clearing psoriasis lesions were followed

by more systematic investigations of genetic susceptibility and

involvement of the immune system in disease pathogenesis.1

These studies have firmly established the genetic and immuno-

logical basis for psoriasis. Currently, there are 41 genetic suscep-

tibility loci for psoriasis established at a genome-wide level of

significance (P < 5 9 10�8), of which 36 have been identified

in European caucasians and five in the Chinese population

(Table 1).2–12 Five of the 36 loci identified in caucasians have

also been observed in the Chinese population. In addition to the

41 loci identified by single nucleotide polymorphism (SNP) and

insertion/deletion polymorphism analyses, the b-defensin copy

number variation (CNV) on chromosome 8 was also found in

an initial report to reach a genome-wide level of significance in

caucasians,13 but a follow-up analysis of a larger sample found a

lower level of significance.14 The vast majority of the identified

susceptibility loci harbour genes active in immune and inflam-

matory pathways, affirming the interplay between genetic

susceptibility and immune responses in psoriasis. Several new

biological drugs for psoriasis targeting protein products of genes

located in the susceptibility loci are highly efficacious, further

supporting the veracity of genome-wide association study

(GWAS) results.

The markers used to identify genetic loci are surrogates that

are not necessarily the causative variation. These markers tag

DNA segments, several kilobases to megabases in length,

containing the true susceptibility variants. Identification of the

causative variant(s) will require fine mapping of the loci by

additional genotyping and/or by sequencing of the target

region in several thousand samples. It is important to define

the boundaries of the susceptibility region as accurately as

possible before embarking on costly experiments to identify

the actual disease-predisposing variation(s). Studies of genetic

association in ethnically diverse populations will, in addition

to identifying susceptibility loci specific to the population

studied, help define narrower boundaries for further analysis

of associated regions that are common to multiple populations

by virtue of different mutational profiles and recombination

boundaries. Other than several small studies reporting the

association of psoriasis with major histocompatibility complex

genes in Indian populations,15–18 little is known of the genetic

basis of psoriasis in South Asia. This study is the first to test

comprehensively a population from this region for association

with known psoriasis susceptibility loci.

In this study, we report a genetic association analysis of the

24 psoriasis loci known at the time of performing the experi-

ment in a Pakistani cohort of 345 psoriasis cases and 545

controls. This first report of psoriasis association in a large

Pakistani sample shows genome-wide significant association

(P < 5 9 10�8) of HLA-Cw6, nominal significance of HLA-Cw1

and three other loci, and very low strength of association of

IL12B, the second most strongly associated locus in caucasians.

Materials and methods

Study subjects and DNA samples

For the Pakistani sample, subjects attending regular medical

clinics in Islamabad Capital Territory and the Punjab Province

were enrolled. Patient recruitment was approved by the ethics

committee and interdepartmental review board of Pir Mehr Ali

Shah Arid Agriculture University Rawalpindi, Pakistan, and

adheres to the Declaration of Helsinki principles. The sample

collection consisted of 351 psoriasis cases and 593 controls, all

of whom were collected from the same geographical region.

Diagnosis of psoriasis was performed as part of routine clinical

care by dermatologists, and no attempt was made to classify the

study subjects into psoriasis subtypes. Most patients had

chronic, nonpruritic lesions showing Auspitz’s sign. Eighty per

cent of the patients had type one psoriasis, with an age at onset

� 40 years, as defined by Henseler and Christophers.19 A

majority of the cases were male (59%), 28% had a family his-

tory of psoriasis, and 4% had arthritis; mean age at examination

was 35�4 years and mean age at onset of disease was 29�6 years

(Table S1.). The control subjects were adults (58% male, mean

age 42�9 years) with no history of psoriasis and unrelated to the

cases. After obtaining written informed consent, peripheral

blood samples were collected by venipuncture, and DNA was

prepared by standard methods.

The caucasian sample used for comparison of TNIP1 and

IL12B associations consisted of 2602 psoriasis cases and 2505

unaffected controls collected in the U.S.A. following protocols

approved by the institutional review board for human subject

research of the University of Michigan Medical School. Most

of these samples have previously been used in other large-

scale association studies of psoriasis.4,7,12

Markers and genotyping

At the time these experiments were performed, there were 24

known loci of genome-wide significance identified in European

and Chinese populations (Table 2). The most strongly associ-

ated markers at these loci were genotyped. HLA-Cw6 and HLA-

Cw1 were typed using a combination of eight SNPs, each assayed

by a single base extension method (Snapshot assay; Applied

Biosystems, Foster City, CA, U.S.A.), as previously described.20

The b-defensin CNV was typed by the paralogue ratio test as

previously described.21 The 32-kb insertion/deletion polymor-

phism at the epidermal differentiation complex was typed by

a 3-primer fluorescent polymerase chain reaction method

followed by size fractionation with capillary electrophoresis as

previously described.6 The remaining markers were genotyped

by the Taqman SNP genotyping assay (Applied Biosystems).

Data analysis

After excluding samples with < 50% typing success on the

panel of 30 markers in this study, data for 345 cases and 545

controls were available for analysis. Mean typing success for
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both markers and samples of the filtered dataset was 99�0%.
For the b-defensin CNV, data were analysed for association

with psoriasis using version 1.43 of CNVtools,22 implement-

ing a strategy of model building and selection described else-

where.14 The best-fitting model for testing association of the

b-defensin CNV, as assessed by a combination of Bayesian and

Akaike information criteria, was a linear trend model of the

effects of CNV dosage on odds of disease, with eight copy

number components, linear modelling of both means and

variances for the multiple peaks of the Gaussian mixture

model fitted to the distribution of raw copy number estimates,

and a batch parameter to correct for a strong positive bias in

copy number peak means of controls vs. cases. All other mark-

ers were analysed with a v2 test for allelic association. The

Breslow–Day test23 with the adjustment of Tarone24 was used

to assess the homogeneity of odds ratios (ORs) for the three

IL12B SNPs in different samples. Fisher’s exact test was used to

compare risk allele frequencies in Pakistani controls vs. sam-

ples from the population of locus discovery, and a pooled

variance t-test with significance assessed by 100 000 random

permutations of case–control status was used to compare

b-defensin copy number in Pakistanis and Europeans. Statisti-

cal power for biallelic markers was analysed with the Genetic

Power Calculator25 under a multiplicative model and an

assumed disease prevalence of 0�5%; risk allele frequencies

were set to those observed in the unaffected Pakistani controls

of this study, and genotype relative risks were estimated using

the OR of the largest replication sample for that marker

Table 1 Known psoriasis susceptibility loci of genome-wide significance

No. Chr. Positiona(Mb) Nearby gene(s) Population Reference

1 1 8.27 SLC45A1, TNFRSF9 Caucasian 12

2 1 24.52 IL28RA Caucasian 9
3 1 25.29 RUNX3 Caucasian 12

4 1 67.73 IL23R Caucasian 4
5 1 152.59 LCE deletion Caucasian, Chinese 6, 5

6 2 61.08 REL Caucasian 9
7 2 62.55 B3GNT2 Caucasian 12

8 2 163.26 IFIH1 Caucasian 9
9 5 15.99 PTTG1 Chinese 8

10 5 96.12 ERAP1 Caucasian, Chinese 9, 8
11 5 132.00 IL13/IL4 Caucasian 4

12 5 150.47 TNIP1 Caucasian, Chinese 4, 8
13 5 158.83 IL12B Caucasian, Chinese 4 5

14 6 0.58 EXOC2/IRF4 Caucasian 12
15 6 31.26 HLA-C Caucasian, Chinese 4

16 6 111.91 TRAF3IP2 Caucasian 9,10
17 6 138.20 TNFAIP3 Caucasian 4

18 6 159.51 TAGAP Caucasian 12
19 7 37.39 ELMO1 Caucasian 12

20 8 3.68 CSMD1 Chinese 8
21 9 32.52 DDX58 Caucasian 12

22 9 110.82 KLF4 Caucasian 12
23 10 81.03 ZMIZ1 Caucasian 11

24 11 64.14 PRDX5 Caucasian 11
25 11 109.96 ZC3H12C Caucasian 12

26 11 128.41 ETS1 Caucasian 12
27 12 56.75 IL23A/STAT2 Caucasian 4

28 13 20.76 GJB2 Chinese 8
29 14 35.83 NFKBIA Caucasian 7

30 16 11.37 SOCS1 Caucasian 12

31 16 31.00 FBXL19 Caucasian 7
32 17 26.12 NOS2 Caucasian 7

33 17 40.56 STAT3, STAT5A/B Caucasian 12
34 17 78.18 CARD14 Caucasian 12

35 18 61.66 SERPINB8 Chinese 8
36 18 51.82 STARD6, POLI, MBD2 Caucasian 12

37 19 53.45 ZNF816A Chinese 8
38 19 10.46 TYK2 Caucasian 9

39 19 10.82 ILF3, CARM1 Caucasian 12
40 20 48.56 RNF114 Caucasian 3

41 22 21.98 UBE2L3 Caucasian 11

Chr., chromosome. aPositions refer to hg19/GRCh37 (http://genome.ucsc.edu).

© 2013 The Authors

BJD © 2013 British Association of Dermatologists

British Journal of Dermatology (2013) 169, pp406–411

408 Genetic associations of psoriasis in a Pakistani population, P.A. Shaiq et al.



T
ab
le

2
A
ss
oc
ia
ti
on

of
30

m
ar
ke
rs

in
24

kn
ow

n
ps
or
ia
si
s
su
sc
ep
ti
bi
lit
y
lo
ci

in
th
e
Pa
ki
st
an
i
sa
m
pl
e

C
hr
om

os
om

e
lo
ca
ti
on

C
an
di
da
te

ge
ne
(s
)

M
ar
ke
ra

A
lle
le
s,
ri
sk
/n

on
ri
sk

b
R
is
k
al
le
le

fr
eq
ue
nc
y,

ca
se
s/
co
nt
ro
ls

O
dd

s
ra
ti
o
fo
r
ri
sk

al
le
le

(9
5%

C
I)

P
va
lu
e

Pr
ed
ic
te
d

po
w
er

c

1p
36

.1
1

IL
28
RA

rs
46

49
20

3
A
/G

0�6
73

5/
0�6

86
5

0�9
4
(0
�77

–1
�16

)
0�5

7
0�2

08
9

1p
31

.3
IL
23
R/
ST
AT
2

rs
22

01
84

1
G
/A

0�5
40

7/
0�5

08
3

1�1
4
(0
�94

–1
�38

)
0�1

8
0�2

41
9

1p
31

.3
IL
23
R/
ST
AT
2

rs
11

20
90

26
G
/A

0�9
82

5/
0�9

78
9

1�2
1
(0
�60

–2
�45

)
0�5

9
0�1

46
9

1q
21

.3
LC
E3
B/
LC
E3
B

LC
E3
C
_L
C
E3
b-
de
l

de
l/
in
s

0�6
78

3/
0�6

43
0

1�1
7
(0
�96

–1
�43

)
0�1

3
0�4

56
0

2p
16

.1
RE
L

rs
70

28
73

G
/A

0�7
92

6/
0�7

52
8

1�2
6
(1
�00

–1
�58

)
0�0

53
0�1

66
7

2q
24

.2
IF
IH
1

rs
17

71
69

42
A
/G

0�9
25

0/
0� 9

45
3

0�7
1
(0
�48

–1
�05

)
0�0

88
0�1

64
8

5q
15

ER
AP
1

rs
27

52
4

A
/G

0�3
91

2/
0�4

08
1

0�9
3
(0
�76

–1
�14

)
0�4

8
0�2

32
6

5q
15

ER
AP
1

rs
15

18
23

A
/C

0�1
54

1/
0�1

49
8

1�0
3
(0
�79

–1
�35

)
0�8

1
0�1

37
0

5q
31

.1
IL
13
/I
L4

rs
20

54
1

G
/A

0�7
53

6/
0�6

93
4

1�3
5
(1
�09

–1
�68

)
0�0

06
0

0�5
96

5
5q

33
.1

TN
IP
1

rs
17

72
83

38
A
/G

0�1
21

3/
0�1

09
1

1�1
3
(0
�84

–1
�52

)
0�4

3
0�9

09
6

5q
33

.3
IL
12
B

rs
20

82
41

2
G
/A

0�6
95

0/
0�6

86
5

1�0
4
(0
�85

– 1
�28

)
0�7

1
0�9

54
9

5q
33

.3
IL
12
B

rs
32

12
22

7
A
/C

0�6
94

8/
0�6

84
5

1�0
5
(0
�85

–1
�29

)
0�6

5
0�9

90
9

5q
33

.3
IL
12
B

rs
43

79
17

5
C
/A

0�6
77

8/
0�6

88
8

0�9
5
(0
�77

–1
�17

)
0�6

3
0�9

36
5

5q
33

.3
PT
TG

1
rs
24

31
69

7
C
/T

0�4
18

4/
0�4

50
5

0�8
8
(0
�72

–1
�06

)
0�1

8
0�4

32
9

6p
21

.3
3

H
LA
-C

7
SN

Ps
H
LA

-C
w
6/

ot
he
r

0�2
59

1/
0�1

26
0

2�4
3
(1
�88

–3
�12

)
2�3

9
10

�
1
2

1�0
00

0
6p

21
.3
3

H
LA
-C

rs
11

31
15

1
H
LA

-C
w
1/

ot
he
r

0�0
47

3/
0�0

29
0

1�6
6
(1
�00

–2
�77

)
0�0

49
0�7

26
1

6q
21

TR
AF
3I
P2

rs
33

98
05

00
T
/C

0�1
11

6/
0�0

68
9

1�7
0
(1
�22

–2
�37

)
0�0

01
7

0�5
86

5
6q

23
.3

TN
FA
IP
3

rs
61

06
04

G
/T

0�3
21

7/
0�3

24
1

0�9
9
(0
�81

–1
�21

)
0�9

2
0�4

01
3

8p
23

.1
D
EF
B4
/D

EF
B1
03

H
SP
D
21

+
cn
/–

cn
4�4

09
9/

4�3
32

2
1�0

6
(0
�94

–1
�19

)
0�3

4
0�1

68
1

8p
23

.2
C
SM

D
1

rs
70

07
03

2
C
/T

0�3
95

3/
0�3

90
6

1�0
2
(0
�84

–1
�24

)
0�8

4
0� 2

09
5

8p
23

.2
C
SM

D
1

rs
10

08
82

47
C
/T

0�3
40

1/
0�3

23
0

1�0
5
(0
�86

–1
�28

)
0�6

6
0�2

24
4

12
q1

3.
3

IL
23
A

rs
20

66
80

7
C
/G

0�9
75

2/
0�9

69
6

1�2
4
(0
�68

–2
�23

)
0�4

8
0�1

95
3

13
q1

2.
11

G
JB
2

rs
37

51
38

5
T
/C

0�1
21

0/
0�1

32
2

0�9
0
(0
�68

–1
�21

)
0�4

9
0�1

71
4

14
q1

3.
2

N
FK
BI
A

rs
12

58
63

17
T
/C

0�7
79

1/
0�7

78
7

1�0
0
(0
�80

–1
�26

)
0�9

9
0�2

14
5

16
p1

1.
2

FB
XL
19

rs
10

78
20

01
G
/A

0�6
32

7/
0�6

20
4

1�1
6
(0
�86

–1
�28

)
0�6

0
0�3

10
4

17
q1

1.
2

N
O
S2

rs
47

95
06

7
G
/A

0�4
49

1/
0 �3

87
0

1�2
9
(1
�06

–1
�57

)
0�0

09
7

0�4
22

2
18

q2
2.
1

SE
RP
IN
B8

rs
51

43
15

T
/C

0�6
73

9/
0�6

40
9

1�1
6
(0
�95

–1
�42

)
0�1

5
0�1

98
9

19
p1

3.
2

TY
K2

rs
12

72
03

56
A
/C

0�9
91

3/
0�9

89
8

1�1
7
(0
�43

–3
�17

)
0�7

6
0�0

96
3

19
q1

3.
41

ZN
F8
16
A

rs
11

08
42

11
G
/A

0�6
25

8/
0�5

97
5

1�1
3
(0
�92

–1
�38

)
0�2

4
0�2

00
7

20
q1

3.
13

RN
F1
14

rs
49

53
37

C
/T

0�4
39

9/
0�4

49
0

0�9
6
(0
�79

–1
�17

)
0�7

1
0�4

97
9

C
I,
co
nfi

de
nc
e
in
te
rv
al
.
a I
n
ad
di
ti
on

to
si
ng

le
nu

cl
eo
ti
de

po
ly
m
or
ph

is
m
s
(S
N
Ps
)
th
at

ar
e
de
no

te
d
by

th
ei
r
SN

P
da
ta
ba
se

re
fS
N
P
cl
us
te
r
ID

nu
m
be
rs
,
ot
he
r
m
ar
ke
rs

lis
te
d
in
cl
ud

e
LC

E3
C
_L
C
E3
B-
de
l,
w
hi
ch

is
a
de
le
ti
on

-i
ns
er
ti
on

of
32

�2-
kb

se
gm

en
t
en
co
m
pa
ss
in
g
th
e
LC
E3
C
an
d
LC
E3
B
ge
ne
s;
H
LA
-C
w
6,

w
hi
ch

is
as
sa
ye
d
by

se
ve
n
SN

Ps
in

ex
on

s
tw

o
an
d
th
re
e
of

H
LA
-C

(r
s2
87

32
10

5,
rs
10

50
40

9,
rs
11

31
12

3,

rs
11

31
11

8,
rs
10

50
38

4,
rs
17

83
99

85
an
d
rs
41

54
74

19
);

H
LA
-C
w
1,

w
hi
ch

is
un

iq
ue
ly

ta
gg
ed

by
th
e
A
al
le
le
of

SN
P
rs
11

31
15

1
in

ex
on

tw
o
of

H
LA
-C
;
an
d
H
SP
D
21

,
w
hi
ch

is
th
e
pa
ra
lo
gu

e
ra
ti
o
te
st
as
sa
y

fo
r
th
e
b-
de
fe
ns
in

co
py

nu
m
be
r
va
ri
at
io
n
(C
N
V
)
de
sc
ri
be
d
by

A
ld
ho

us
et
al
.2
1
b
D
et
er
m
in
at
io
n
of

ri
sk

al
le
le

ba
se
d
on

pu
bl
is
he
d
re
po

rt
s,
ex
ce
pt

fo
r
rs
43

79
17

5,
w
he
re

th
e
po

si
ti
ve
ly

as
so
ci
at
ed

al
le
le

in

th
e
la
rg
e
M
ic
hi
ga
n
ca
se
–c
on

tr
ol

co
ho

rt
is
de
si
gn

at
ed

as
ri
sk
.
Fo
r
H
SP
D
21

,
an

in
cr
ea
se

in
co
py

nu
m
be
r
(+
cn
)
is
as
so
ci
at
ed

w
it
h
in
cr
ea
se
d
ri
sk

of
ps
or
ia
si
s,
an
d
m
ea
n
co
py

nu
m
be
rs

of
th
e
b-
de
fe
ns
in

C
N
V
ar
e
sh
ow

n
in
st
ea
d
of

al
le
le

fr
eq
ue
nc
ie
s
(m

ea
n
co
m
pu

te
d
af
te
r
fi
tt
in
g
of

bi
as
-c
or
re
ct
ed

G
au
ss
ia
n
m
ix
ed

m
od

el
to

th
e
di
st
ri
bu

ti
on

of
ra
w

co
py

nu
m
be
r
es
ti
m
at
es
).

c P
re
di
ct
ed

po
w
er

of
th
e
Pa
ki
st
an
i

sa
m
pl
e
to

de
te
ct

as
so
ci
at
io
n
fo
r
th
e
m
ar
ke
r
at

a
no

m
in
al
le
ve
l
of

si
gn

ifi
ca
nc
e
(a

=
0�0

5)
,
as
su
m
in
g
an

ef
fe
ct

si
ze

eq
ua
l
to

th
at

ob
se
rv
ed

in
ca
uc
as
ia
ns
,
a
m
ul
ti
pl
ic
at
iv
e
m
od

el
,
a
di
se
as
e
pr
ev
al
en
ce

of

0�5
%
,
an
d
a
ri
sk

al
le
le

fr
eq
ue
nc
y
es
ti
m
at
ed

fr
om

th
e
un

af
fe
ct
ed

Pa
ki
st
an
i
co
nt
ro
ls
.

© 2013 The Authors

BJD © 2013 British Association of Dermatologists

British Journal of Dermatology (2013) 169, pp406–411

Genetic associations of psoriasis in a Pakistani population, P.A. Shaiq et al. 409



among published psoriasis association studies (discovery sam-

ples were avoided because of their upward bias in estimating

effect size). Statistical power for the logistic regression test of

association of the b-defensin marker was determined using

version 3.12 of G*Power;26 the OR of association and stan-

dard deviation of the copy number distribution for the

HSPD21 marker were set to the values observed in the replica-

tion sample of Stuart et al.14

Results

The results of the genetic association analysis for psoriasis sus-

ceptibility for the 24 loci tested are summarized in Table 2. For

each locus, one or more of the best known associated markers

were tested. For the chromosome 6 PSORS1 locus, the best

known association is with the HLA-C gene. This highly polymor-

phic gene was typed with a set of eight SNPs that could distin-

guish Cw6 and Cw1, the two known associated alleles, from all

other alleles. HLA-Cw6 showed the strongest association (OR

2�43, P = 2�3 9 10�12), consistent with previous reports.

Interestingly, HLA-Cw1, which previously was shown to be asso-

ciated with psoriasis in Thailand and Japan,20,27–31 showed mar-

ginally significant association (OR 1�66, P = 0�049), suggesting
that the HLA-Cw1-B46 risk haplotype may be present in the Paki-

stani population. Three other loci (IL13, NOS2, TRAF3IP2)

showed nominally significant allelic associations (OR 1�35,
1�29, 1�70; P = 0�006, 0�0097, 0�0017, respectively).
Not surprisingly, the predicted power of the Pakistani sample

to detect an association for loci that achieved nominal signifi-

cance ranges from substantial to excellent (42%, 59%, 60%,

73% and 100% power for NOS2, TRAF3IP2, IL13, HLA-Cw1 and

HLA-Cw6, respectively; Table 2). It is notable, however, that no

significant association was detected for the TNIP1 marker or for

the three IL12B SNPs, despite excellent predicted power ranging

from 91% to 99%. Congruously, the TNIP1 SNP yielded signifi-

cantly lower strength of association in Pakistanis compared with

that observed for our sample of 5107 caucasians (OR 1�13 vs.

1�60, heterogeneity P = 0�042), and even larger differences

were seen for all three IL12B markers (OR 0�95–1�05 vs. 1�47–
1�54, heterogeneity P = 0�0021–0�00013).

Discussion

This is the first report of a genetic association study of psoria-

sis in a Pakistani cohort. The most prominent psoriasis suscep-

tibility locus from previous studies in caucasian and East Asian

populations, HLA-C, was associated with psoriasis at geno-

me-wide significance levels. HLA-C is among the most poly-

morphic genes in the human genome with over 1500 alleles.

Because it is technically not possible to genotype all of these

alleles in a large sample set, we used our previously published

limited typing method, which can discriminate between HLA-

Cw6 and HLA-Cw1 and all other alleles.20

In addition to the strong association with HLA-Cw6, we also

found a nominal association with HLA-Cw1. Previous reports

of psoriasis association with HLA-Cw1 have come from

Thailand and Japan, and in each case, the association was dri-

ven by the HLA-Cw1-B46 haplotype. This haplotype is virtually

absent in caucasian populations, where HLA-Cw1 is in linkage

disequilibrium (LD) with a multitude of other HLA-B alleles.

In the Thai population, we have previously shown that HLA-

Cw1 haplotypes lacking HLA-B46 are not associated with psori-

asis.20 The nominal association observed in this study, with

only 58 individuals carrying this allele, suggests that the HLA-

Cw1-B46 haplotype is present in Pakistan. Nominal association

of psoriasis with HLA-Cw1 was also found previously in a

study from Kuwait with 50 paediatric subjects in which nine

subjects carried this allele.32 The HLA-B alleles carried by these

subjects are unknown. As HLA-Cw1 is not disease predisposing

in non-Asian populations,20 it is possible that HLA-B46, or

another nearby gene on this haplotype, is the disease-predis-

posing entity in Asian populations. HLA-B46 is of recent origin

in the Asian population, not present in other human popula-

tions, and is thought to have arisen from a gene conversion

event between HLA-Cw1 and HLA-B62.33

As most known psoriasis susceptibility loci were identified in

genome scans of thousands of subjects, it is likely that our sam-

ple lacks statistical power to detect loci of modest effect. Yet, the

nominally significant associations of IL13/IL4, TRAF3IP2 and

NOS2 suggest that an expanded sample size would detect addi-

tional susceptibility loci. In fact, post-hoc power analysis, under

the assumption that effect sizes for the analysed markers are

similar in caucasian Europeans and Pakistanis, indicates that the

power of the Pakistani sample to detect an association exceeds

50% for only six of the 24 tested loci. For most loci, sample

sizes in the order of a few to several thousand each of cases and

controls are required to achieve 80% power (data not shown).

While the most recently published 18 psoriasis susceptibility

loci11,12 were not examined in this study, their strength of asso-

ciation is mostly less than that of the 24 tested loci, so the

limited sample size of this study would have little power to

detect association for these loci.

Interestingly, the strength of association of IL12B, the second

most strongly associated gene in caucasians4,12 that is also

robustly replicated in a Chinese population,5 is significantly

lower in our study, despite excellent predicted statistical power

of the Pakistani sample to detect association for all three IL12B

SNPs. A similar, albeit less significant result, was observed for

the TNIP1 SNP. These findings may be attributable to genetic

heterogeneity, i.e. IL12B and TNIP1 are either unassociated with

psoriasis in Pakistan, or their association is driven by causative

variants different from those in Europeans, which are not well

tagged by the markers used in this study. Alternatively, identical

causative variants may be driving the association of these two

loci in both populations, but the findings reflect differences in

historical recombination events that have reduced the level of

LD between the tested tag SNPs and the causative variants in

Pakistanis relative to Europeans. A comparison of the frequency

of the risk allele for each of the markers in the Pakistani controls

with its frequency in the population in which the association of

the marker with psoriasis was first discovered (Table S2.) reveals

that 21 of the 30 markers differ significantly in allele frequency
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using a false discovery rate threshold of 0�1; this supports the
notion that haplotype frequencies and LD structure for regions

of known psoriasis susceptibility may indeed be quite different

in the Pakistani population compared with the European and

Chinese populations where these loci were first discovered.

Hence, both inadequate power and poor tagging of causative

variants could be responsible for our failure to detect association

for many of the known loci. Analysis of a much denser set of

markers in a much larger cohort of Pakistanis is necessary to

draw definite conclusions. We are currently conducting a GWAS

of psoriasis in 1000 Indian cases and 1000 Indian controls, and

this study should be useful for answering this and other ques-

tions regarding genetic associations with psoriasis in the South

Asian population.
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