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Genetic Variants in CTLA4 Are Strongly Associated
with Alopecia Areata
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TO THE EDITOR
Alopecia areata (AA) is a common hair-
loss disorder that affects approximately
12% of the general population
(Safavi et al., 1995). The occurrence
of familial AA is well established
(Blaumeiser et al., 2006), and the
pattern of familiality strongly suggests
that its genetic basis is multifactorial.
Our current understanding of the etio-
pathogenesis of AA is incomplete, but
the condition is thought to be a tissue-
specific autoimmune disease directed
against the hair follicle (Tobin, 2003).
Numerous studies in the past
decade have reported an association

between variants of the gene coding for
the cytotoxic T lymphocyte antigen-4
(CTLA4) and some of the autoimmune
diseases, including Graves’ disease,
antineutrophil  cytoplasmic  antibo-
dy-associated vasculitis, type 1 dia-

betes,; and  rheumatoid arthritis
(Kristiansen et al., 2000; Ueda et al,,
2003). CTLA4 is a costimulatory

molecule that is expressed on activated
T cells and is involved in the negative
regulation of T-cell activation (Brunet
et al., 1987). Given the autoimmune
component shared by the various
autoimmune diseases, we aimed to
investigate the role of CTLA4 in the

Abbreviations: AA, alopecia areata; CTLA4, cytotoxic T lymphocyte antigen-4; OR, odds ratio;

SNP, single-nucleotide polymorphism

development of AA. We performed a
high-resolution association analysis
of the CTLA4 gene locus using 22
tagging single-nucleotide polymorph-
isms (SNPs) in a sample of 1,196
unrelated AA patients and 1,280 con-
trols of Central European origin. During
the final preparation of this report, a
genome-wide association study was
published by Petukhova et al. (2010)
that implicates several new gene loci
for AA, including CTLA4.

In our study, eight variants showed
nominal significance in the combined
sample (Table 1). The strongest associa-
tion was found for rs3087243, which is
located 236bp downstream of CTLA4
(Figure 1). This had a nominal P-value
(P.om) Of 4.66 x 1077 and an odds ratio
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Figure 1. Details of the investigated genomic region (204 402 596-204 498 096 bp; NCBI reference
sequence build 36) on chromosome 2. (a) Transcript information for the investigated cytotoxic

T lymphocyte antigen-4 (CTLA4) locus (UCSC Genome Browser, build 36), with arrows indicating
the direction of transcription. (b) Negative log;, association P-values of markers analyzed in the
case—control study. (c) Linkage disequilibrium (LD) at the CTLA4 locus is displayed by . LD and
haplotype blocks were analyzed using Haploview software (version 4.1).

(OR) of 1.34 (95% confidence interval:
1.20-1.50) (Table 1). In total, six of the
eight nominally significant SNPs with-
stood Bonferroni correction for multiple
testing (Table 1). Genotype distributions
are shown in Supplementary Table S1
online.

In the subgroup analyses, the highest
ORs were observed among the follow-
ing groups of cases: (i) severe, (ii) early
age at onset, and (iii) positive family
history (Table 1). The highest OR was
observed in the severe group for
rs1427678, which is located approxi-
mately 20kb downstream of CTLA4
(Poom=6.38 x 107'% OR=1.55 (1.35-
1.78)). In the analysis of only mild
cases, one marker (rs3087243) showed
a significant (P,om=0.03) association,
although this result did not withstand
correction for multiple testing (data not
shown).

We then performed a conditional
association analysis of the combined
sample to test whether the most strongly

associated marker (rs1427678) alone
was able to explain the associ-
ation signal observed at this locus. In
this analysis, one additional SNP
(rs11571290) showed nominal signifi-
cance (P,m=0.017) after accounting
for rs1427678. However, when the
conditional analysis was restricted to
the severely affected cases, rs1427678
explained the whole association
signal, with no additional effect from
other SNPs.

We also investigated which of the
clinical covariates contributed indepen-
dently to the association. Severity,
in combination with rs1427678, sig-
nificantly improved the fit of a logistic
model (P=5.98x1077). The other
covariates did not improve the model
fit (e.g., P=0.15 for early age at onset).
A haplotype analysis did not signifi-
cantly improve the association findings
(data not shown).

Our findings and the findings by
Petukhova et al. (2010) provide strong
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evidence for the association of CTLA4
with AA, and indicate that the CTLA4
locus might be a genetic factor that is
shared between AA and other autoim-
mune diseases. We observed the
strongest effect in patients with severe
disease, as observed previously for
other AA susceptibility genes (Betz
et al., 2007, 2008; Redler et al.,
2010). The usefulness of the severity
criterion in defining the group of
patients that drives the association
is demonstrated by the results of the
logistic regression analysis. In this
analysis, inclusion of other covariates,
such as age at onset and familiality,
yielded no significant improvement in
the association finding (Table 1).

Our results revealed that rs3087243
was the best of the 21 analyzed
SNPs in the combined sample, with a
corrected P-value of 4.89x10°°
(OR=1.34 (1.20-1.50)). This is the
most consistently implicated SNP in
other autoimmune diseases. The size of
the genetic effect observed in our
sample is comparable to that observed
for other autoimmune diseases (Ueda
et al, 2003; Plenge et al, 2005).
However, the functional impact of
this variant, which is located in the 3’
untranslated region of CTLA4, remains
unclear. It has been suggested that this
variant may affect the expression of
CTLA4, given that decreased levels of
soluble CTLA4 have been observed in
carriers of the susceptibility allele
(Ueda et al., 2003; Maier et al., 2007).
However, the present findings cannot
exclude the possibility that a variant
that is in linkage disequilibrium with
rs3087243 is the true causative variant.
Petukhova et al. (2010) found the
strongest association for rs1024161, a
SNP that was not examined in our
study. The variant rs3087243 was not
genotyped in their study, but, based on
imputation, it too showed a highly
significant association.

The SNP rs231775 is the only
validated nonsynonymous SNP in the
coding region of CTLA4. The results of
in vitro studies have shown that the
amino-acid substitution p.Thr17Ala in
the signal peptide of CTLA4 causes
defective  endoplasmic  reticulum
processing of a significant portion of
the susceptibility allele molecules



KG John et al.
CTLA4 in Alopecia Areata

"9[3][B S Y} UO paseq UoHR[N[ed Olel SPPO),

“3uns} o|diyn 104 PJIBLIOI SON[BA ¢

"9¢ p|ing 82uanbas souasgyel |gDN ‘dq ul,

‘sasatpualed ul sa[a|[e JOUIN

‘wsiydiowA|jod apnosjonu-aj3uls ‘dNS ‘ones sppo YO ‘Aouanbaly ajajje touiw 4y ‘H-uadinue alkooydwA| | 21X0101Ad ‘LV/71D S|0AU0D ‘0D {[BAIBIUI BDUBPLUOD ‘|D) {S9SED ‘BD) :SUOHBIAIGQAY
dlp|elq
= = = = = = = = = U DU 1D 96086V 70T 8ESSITLSI
(8€1—16°0) TL'L 9970 (D) €170 (0V'1—86°0) £L'L 84070 (D) 0TT0 (8 1—£0°1) 9T’ L 900°0 (D) €€T0 (€€°1—10°1) 9L°L L €00 D) ¥61'0 (D)6LT0 LD  6££98Y¥0T  L6TL6SLS!
(86'L—0£°0) 81°L v€S°0 (D) S20'0  ASLL—£L0) 9L°L 4440 (D) +€0'0  (S£1-180)6L°L  09€0 (D) SE00  (¥9'L—£8°0) 6171 1 vLT0 (D) 6700 (D) SE00 DN 8651870 TOTLLTTS!
(19°L=0L°L) €L 0LX6S€  (DIPT0 @S L—vL'D)¥EL ,0L%xX86+t  (USH0 (LL1=STL 9L ¢ 0LX96T (L)62T0 (crL—LI'L)STL  v00  ,0LX¥0t (L) €0E0 (L) 8STO LD  €CE6LYYOT  66£TTITLSI
(r€1-96'0) ¥1°L SCL°0 @ 290 ((6T°1—96°0) TL'L SELO L) £9¥°'0  (0€1-66'0) €L°L $90°0 (L) €9¥°0  (0T'1—96°0) £O'L L 9170 @Wvero (L0 LD 6089V ¥0T  ¥£6788TS!
(19'L=S1I') 9€'L  , 0LX €8T (V) LEYO (89L=STL) S¥'L ,OLX¥LS (V) L0 (8L1—SE'L) SS'L 4, 0L X8E9 (V) SOF'0 (6¥'L—61'L) €€'L (OLX8FZ ,0LXTLZ (D)98Y0 (V) EPF0 DN  €0999v¥0T  8L9LTHISI
(S€°L—€8°0) 90°L 1€9°0 (D) ¥EL0  (05'1—£6°0) LT'L 0600 (D) 0oTL0 (09'1-S0°L) 6271  SL0°0 (D) €110 (8€'1—66°0) £L'L ! 950°0 (D) I¥1'0 (D) €TLO0 DN TLOSSPHOT  00ELLSLLS!
(17'1=96°0) 91°L 0€1L°0 L v720  (SE'1=960) ¥1'L LELO Worzo (S#'1-S0°L) €L 6000 (L) §ST0  (€€71=20 1) 9L'L 1 £20°0 W 170 WPT0 LD TLIESFHOT  ¥SO0E0ELS!
(S€'L—06°0) LL'L 0€€°0 D) £170  (E€1-¥6'0) TL'L 12T0 D) 6170 (E¥'1—€0°L) LTL 1200 D) €670  (LEL=00"L) 1L 1 090°0 (0)00z0 () TCT0 LD SLLTSYHOT LELLETS!
(19 L=v1') 9€L  , 0LX+TS (D ¥L€0  (6SL—ZL'L)9EL OLXELS (90 (09'1-0T1) 8EL 4 0LX8FL () 6L£0 (¢rl—cl’9TL  TLO0  ,O0LXLL'L (D90€0 (L) £S€0 LD  LLL6bry0T  9TLLETS!
(6€°L—88°0) 60°L o (V) 2810 (6T°1—68°0) LO'L €050 (V) €810 (9€°'1=96'0) ¥L'L  ¥¥1°0 (V) €61°0  (6T'L—L6'0) TL'L 1 9€1'0 V) 721'0 (V) 06L°0 DN €8LLFYYOT 6LELLSLLS!
89'L—0T L) TH'L ¢ 0LX69S (V) I8€0 (99'L—tT 1) €F'L o OLX€8L (V) 8LEQD (LLLI—EEL) VS (OLX6L'T (V) T9E0 (0SL—0T L) ¥E'L (0LX68+F ,0LX99t (V) 99r'0 (V) S6E0 DN ¥9LLFrY0T  €4TLBOES!
(£€'1-88°0) OL'L YTy o (L ¥9L0  (E€71—68°0) 60°L 90t°0 (L) €910 (FF'1—00°1) OTL  SS0°0 (1) 9210 (SE'1L—00"1) 9L°L 1 7500 Wesro WzZL0 LD €E8LYPYOT  LLLLECS
09'L—t1'L) SE€L ,0Lx8LF (D) €Er0 (191-0T 1) 6EL - OLX8EL (D) 6EF0 FIL—¥TL) €¥L ,0LX¥8S (D) 9rr'0 (FL—Ccl'9TL 6000 (- 0LX006 (D)19€0 (D) S0 DN  6S60¥rv0T  SLLLETS!
(€£°1-06°0) ¥T'L £81°0 (1) 990°0  (¥6'L—£0°L) ¥¥'L SL0°0 (1) 850°0 (08 L—+0"L) £E'L 200 (1) 0900 (¥ L—+6'0) 9L°L I S9L°0 L 1800 (1) 000 LD  €STOVY¥OT ZLELLSLISA
(£€'1-68°0) OL'L 6L€0 (1) 8810  (LE'1—06°0) 80'L 4L 0] (L S8L0  (6£1-86'0)91°L €600 (19610 (LE'1—86°0) €L°L 1 9600 W €10 WTELO LD ¥9L6EVHOT  TSTOYBILS!
(S L—+8°0) ¥L°L 96€°0 (D) §80°0  (95'1L—€6°0) OT'L 910 (D) 6800 (89'L—¥0'L) €L STO0O (D) £60°0  (9€°L—0670) OL"L 1 €5€°0 () 62000 () €800 LD  68L6EYFOT  8LIEELS!
(T€T—¥6'0) LV'L €60°0 (V) 2€0'0  (S9°L—180) SL'L 0€¥°0 (V) 1¥0°'0  (SS°L=6£0) LL'L LS50 (V) ¢v0'0  (6S°L—16°0) 0T'L L 061°0 (W) 9v0'0 (V) 6€0°0  D/N  98€LEVYOT  06TLLSLLS!
(€9°1—5£°0) £O"L 969°0 (1) 6500 (65°1—78°0) ¥1°L [3440) (L) 6¥00  (9¥'1—6£0)80'L €490 (1) 1500 (Z€'1—18°0) ¥0°L 1 ¥82°0 (1) §S0°0 (L) 2800 LD SSO€THHOT  €8TLYL9SH
(¢8'1—-52°0) £L0°L 92£0 (1) 8500  (6S°1—28°0) SL°L 8TH0 (L) 8¥0'0  (9'1—080) 80'L  S€9°0 (1) 1500 (Z€'1—18°0) ¥0°L ! 6920 (1) 6500 (L) £800 LD €€861¥ 0T  099€061L LI
(6SL=€L' ¥EL L, 0Lx0LZ  (18IE0 (P9 L—LT L) L'l o 0LX/§9  (L)8SE0 (WL 1—LEL) LSL ¢ 0LX6EL (L) LVEO0 @FL—8LL) TEL ,0LXT0T 4 0LXT6L (D60 (L) €LE0 LD ¥E680VY0T  0£6066C1SI
(9€'1-28°0) 90°L 1£9°0 W9zLro (¥ I-16'0) €1°L LSTO W reELo  (6Y 17001 TTL 7SO0 (L EFL0  (HE196'0) €1°L 1 Sr1°0 WoTro WreEL0 LD 96570F¥0T  8OELLSLLS!
(D %S6) afejuuyd D dVW LD %56) afeyuuyd D dVW LD %s6)  euuyd D VW (1D %S6) sH0d g afeyuuy g [ e (a/v)  uonisod dNS
10 40 40 A0 PRIV 3P|V
A10ys1y Ajiurey aanisod j3suo jo afe Apreg S3SED IINIS AVW

A103s1y Ajiwrey danisod e ym sased pue ‘sased Jasuo-je-age-A[Ied

‘s3sed 19A3s 10} sasAjeue dnoiSqns yym ‘ejease eadoje pue sndoj Fy71D Yl I8 SINS PI1IJ[IS UIIM]I( SISA[eue UOIJRIDOSSE [01)U0d-3se) ‘| J|qe]

donline.org 1171

www ji


http://www.jidonline.org

RPE Sarkany et al.
Uroporphyria and Myeloid Disorders

(CTLAAIa") and that this results in
inefficient glycosylation and decreased
cell-surface expression (Anjos et al.,
2002). Our association results show that
rs231775 was also strongly associated
with AA in our sample although the
P-values were less significant and
the ORs were lower than those for
rs3087243. Furthermore, conditional
analysis  revealed that rs1427678
explained the entire association signal
at the locus.

In conclusion, our results provide
strong support for the hypothesis that
CTLA4 is a susceptibility gene for AA,
and they also suggest that it has the
strongest effect in patients with a severe
form of the disorder. Given the low
P-values observed in our study and
the genome-wide association study by
Petukhova et al. (2010), we consider
CTLA4 a proven susceptibility gene
for AA.
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TO THE EDITOR
Congenital erythropoietic porphyria
(CEP; MIM 263700) is a rare autosomal

recessive disease caused by muta-
tions in uroporphyrinogen Il synthase
(UROS) or, rarely, in GATAT genes,

Abbreviations: BFU, burst-forming unit; CEP, congenital erythropoietic porphyria; MDS, myelodysplastic

syndrome; UROS, uroporphyrinogen Il synthase
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leading to UROS deficiency (Fritsch
et al., 1997; de Verneuil et al., 2003;
Phillips et al., 2007). The resulting
overproduction of type | porphyrin
isomers by erythroid cells causes severe
photosensitivity and hemolytic anemia.





