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Fig. 5 ' Case 3 ; Clinical examination revealed conjunctival hyperemia, erosions on
the lips, and erythema of the trunk,
Fig. 6 : Histopathology showed apoptosis in the epidermis, liquefaction in the
basal cell layer, and 1ymphocyte infiltration in the upper dermis.
Table 1 IZEHBR 4 BIOFHO T L DERT, SRDH T ETHERBERERYT, FS3volH

tr b YRHRREL, MREEVEOER AN
U TR DR O BRIE (S EE O { BEFF OFT A
PARLBERLLI o HLWERBREEL
WO TAPARETIHRORBD SN BTAPAS
PRICH 3 2 B AIRIEICH V5N B, VPA & OB

z =5
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Fig. 7 Case 4 ; Clinical test showed conjunctival hyperemia in both eyelids, and bleeding
erosive lesions on the upper and lower lips and in the oral cavity. Ophthalmologic
examination showed conjunctivitis and keratitis with a pseudomembrane on the eyes.

TRIFICBT B 70y a VBEAD AT 5720,
PRI 2 BT D L DHENDH B, TDI2
W, BHEFEORE, WO 28I 1 H 25mg
1 EGERORE T 40 L, VPA R CI, #
DB L DOBEPER SN TS (52735 —)V
S 100 mg, T84 ¥k 200 mg VAT IS, SRR
).

WS CREER U7 e T, 4 Plrh &l ¢ VPA Y
BE S, 3BICHERMEE & 2 Twiz (Table
1o &P 30RO LMET, EFTE M) FUE
Hhe 9~28H (FHI9HE) Tholzo BKE
HIHATIX, DLSTIZ 26T, Sy F52 M 146l
THEMETH o7,

SIS TR BN IREERIZ VT IO SER] b BB
BB Lz, 9 M) FVIC X AEREESITEE
4Bl B ATuA FICESRIGL, TARPRAT
a4 FoegRsrashe Bbhis,

PAETE, SEEREEE0D L B HOHE
Ay, DIHS #2261 (37.9%) & &L T, SJS
741 (12.0%), TEN 681 (10.3%) THo2"™¥,
FDIBFEZEL LTHEEDDH L DDTbbhr i
CEBLZ-ABEED T 128 Y, DIHS 3 4
(25%), SIS 641 (50%), TEN 16 (8.3%) T
B2t WEMRETIE, 2012 4EF TIZ 33 FlOHR
4 dH Y, TEN1S #l (54.5% ), SJS10 4l
(30.3%), DIHS 5% (15.5%) (drug rash with
eosinophilia and systemic symptoms ( BL T

DRESS) 2@lz&t) THYH, bAaEE L BN
TEN OFIEHS < e 52" (Table 2).
ISR E RIS B W TR S T w 5
bODH B 14 FHR 7 HICHERELVEZBESN
THY, BGEVRLOBIEIHET L 2 & PR
ENhize

RNy FFAMIBELT, RPEREGCRIRDOD 5
bOWRHBRASDCI0/D ), B 36 (K
30%) ZAED o 7z PUREI G —EIIC/ Sy F 5
A NEHERIE N EPHENTW A, 85.6%D
ANRATEE YRS 23.1%DV =3 FETHE4
DFHNZ L o TEBDEDFH LY, FEP)FVIC
BWThH, SHOERHELNS,
SEMYFVIZL B DLST OEEEZEN OB
BBV TEHBEWETLILDEENE T 55 0WH
b, Sachs 513 DLST #35 € b ) F Ve ) B
CHERTHY, EREEIEMUNOREH 1L » AL
MTh DLST BBHEREERLZE LTwAEY, —
75 Tang H1Z, FEP)F VI LEZLNDLHE
BREIESLY, EESBCH»D LT DLST Ok
WERIE D o 722 & 2HEL TV EY, RIFHRET
2, AEEZHOEE T3IFEFFFERHEIC
DLST #Et %R L7 EEHS T3 DLST %1
FENELODH B, DIHS T15H7 145, TEN
T 4B 4B, SISIZ5HR3ATCHETHY, K
EEINTEAOBERITI T 5% EEP o7, o
SALARFICEABEB TRERERESE2E® DLST
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AE RFM: ST IRV 2EERBO 4H]
Tab;le 1 : Summary of case characteristics
Case No. Case 1 Case 2 Case 3 Case 4
Age/sex 38 years/o.F 38 years/o0.F 38 years/o0.F 32 years/o0.F
Rash type SIS DIHS SIS SIS
Length of LTG treatment 15 days 26 days 9 days 28 days
Sodium valproate therapy ves yes yes yes
(initial dose of LTG) (50 mg/day) (25 mg/day) (100 mg/day) (25 mg/2 days)
Treatment Steroid pulse Systemic steroids | Systemic steroids | Systemic steroids
therapy
Patch test of LTG (=) (+) (=) (-)
Stimulation Index of DLST to
L 264 1,426 92.6 74.5
LTG (examination day after ’ .
disease onset) (day 46) (day 136) (day 10) (day 59)
A0206, A2402,
HLA B5401, B4001, A2402, A3303 A0206, 3305821 %Zégi
Cw0102Cw0304, B4403, B5401 B0702, B4006 '
DRB1*0405, 1501

Table 2 : Distributions of rashes caused by LTG
Drug-induced hypersensitivity syndrome (DIHS) was most frequently reported
in Japan, whereas toxic epidermal necrolysis (TEN) was most frequently reported

abroad.
Japan Abroad
2009-2012 1985-2012
1 11

B DIHS

B TEN

SIS

MP
HEM

B AGEP
IM

O measles
B PM

VEWICERTHAL I EIRBREN, BEE ko
ToBEERC DO WA RR DS B TH S h % d DI
SISO 1FTHY 2BHEURNTH - 2% HEREIT
1T SIS IXFHED S 46 H HIC, DIHS Ci3 135 H B
B E R o728, WENOEEE 1 » BRI
TEDBDOBRETHMEE 2ol WTAPAEI
L% DIHS 0B WT DLST BHEERICERETHH
BHEOREBRCEEE A RIS TY
%o DIHS @4 S]S TRETH - Th, BEMOE
=L N7zs 72274 Ko DLST
' B BB D
HELH Y,

BREILEEZEZ bhis,

I, MTAPARRCLIIEREBLFED
HLA & OABIZOWTE L OFREFTTH 5T
By, BER4MNICEVTD HLA % HLA BFZEATIC
KELWEL 7 (Table 1)o H?9E T HLA-B
54 : 01 (HARANTOT JIVHET7.59%), HLA-Cw'
01:02 (F17.93%) B & 0" HLA-DRB1*12: 01
(F3.74%) &5 b FVFREEEERS L OM
BIASRIE &N, &P TH HLA-Cw'0l: 02 ixiIc.
BEDHCTEEEIARESLTREY, BRAIICE
wCh SIS, DIHS @ 24T HLA-B*54 : 01 2%%
&, SIS® 14T HLA-Cw 01 @ 02 A9 &
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Four Cases of Severe Drug Eruption Due to Lamotrigine

Kyoko HISATAY, Setsuko MATSUKURA Y, Marie ONOY, Yuji ISODA Y |
Yuko WATANABE", Akiko MORITA Y, Michiko AIFIARA?’, Takeshi KAMBARA "

D Departiment of Dermatology, Yokohama City University Medical Center
4-57, Urafune-cho, Minami-ku, Yokohama-shi, Kanagawa-ken 232-0024, Japan
2 Department of Dermatology, Yokohama Cily University Hospital

Lamotrigine (LTG) is an antiepileptic drug with a novel mechanism of action, which was
approved for use in Japan in 2008. However, a black box warning regarding life-threatening skin
reactions accompanies the prescribing information for LTG. Here, we report 3 cases of
Stevens-Johnson syndrome (SJS) and a case of drug-induced hypersensitivity syndrome (DIHS)
due to LTG. All patients were treated with systemic corticosteroids and recovered without optic
sequelae. A review of the literature revealed 58 cases of LTG-induced rash reported between 2009
and 2012 in Japan, of which 22 were of DIHS and 13 of SJS and toxic epidermal necrolysis (TEN).
TEN was most frequently reported abroad from 1985 to 2012 (18 cases), followed by SJS (10
cases). Caution should be exercised when prescribing LTG because of its ability to cause serious

drug-induced skin reactions.

- (J Environ Dermatol Cutan Allergol, 8 (2) : 114-123, 2014)
Key words : lamotrigine, stevens-johnson syndrome, drug-induced hypersensitivity
syndrome, drug-induced lymphocyte stimulation test
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Fig 2. Photographs of skin manifestations in
patient 2 following wound debridement,
showing (a) the patient’s back and (b) a
lower leg with multiple macules, papules,
blisters and erythematous and epidermolytic
areas, typical of toxic epidermal necrolysis
(TEN). (c) Involvement of the inner lip
mucosa in this patient. (d) Haematoxylin and
eosin-stained sections of a skin biopsy
specimen of patient 2, with typical
epidermolysis and leucocyte infiltrate of TEN.

taking herbal preparations in capsules, an imaginable common
denominator of TEN development.

A single or multiplier effect by idiosyncratic, dose-related
or drug-interactive reactions of phytochemicals or contami-
nants might be involved in the development of TEN in these
patients. The objective evaluation by the Naranjo adverse drug
reaction (ADR) probability scale’ calculated a possible ADR by
the herbal remedy in cases 1 and 3 and a probable cause in
case 2. In all cases, the TEN-specific algorithm for epidermal
necrolysis (ALDEN) confirmed a possible cause of herbal rem-

edies in TEN developen’u—:nt.10
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The serum level of HMGB1 (high mobility
group box 1 protein) is preferentially high in
drug-induced hypersensitivity syndrome/drug
reaction with eosinophilia and systemic
symptoms

DOL 10.1111/bjd.13162

Dear Eprror, Drug-induced hypersensitivity syndrome (DIHS),
also known as drug reaction with eosinophilia and systemic
symptoms (DRESS), is characterized by high fever, multiple

British Journal of Dermatology (2014) 171, pp1555-1608
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organ involvement and haematological disorders, essentially
without severe erythema or epidermal apoptosis.’ Sequential
reactivation of human herpes virus (HHV)-6 is deeply
involved in the pathophysiology and persistence of DIHS/
DRESS. A preceding increase in proinflammatory cytokines
. such as interleukin (IL)-6 and twmour necrosis factor (TNF)-o
seems to be relevant to the viral reactivation in DIHS/DRESS,
while the exact mechanism is still unclear.”

Stevens—Johnson syndrome (5]} and toxic epidermal necrol-
ysis (TEN), other severe cutaneous adverse drug reactions (cAD-
Rs), are characterized by high fever, severe erythema and
widespread epidermal damage due to keratinocyte apoptosis.
Activated cytotoxic T cells and natural killer cells are involved in
SJS/TEN.? The molecular cytotoxicity of Fas and cytotoxic pro-
teins, including perforin/granzyme B and granulysin, are
thought to contribute to induction of keratinocyte apoptosis.’
High mobility group box 1 protein (HMGBI1) is a nonhistone
nuclear protein that is released from severely damaged cells.
HMGB! plays a role in transcriptional regulation in the nucleus,
while outside of the cell it serves as an activator of the inflam-
matory cascade.” It was recently reported that HMGB1 levels are
increased during the acute stage of SJS/TEN and can serve as an
early diagnostic marker for SJS/TEN." However, the level of
HMGB! at the onset of other severe cADRs such as DIHS/DRESS
has not been investigated. In addition, although there are lim-
ited reports on serum cytokine levels in cADRs, these cytokines
have not been analysed with regards to HMGB1, which may
induce aberrant cytokine production. To clarify the relationship
between aberrant HMGB1 and cytokine production at disease
onset, and the clinical manifestations elicited, we investigated
serum HMGRB1 and cytokine profiles in various cADRs.

Peripheral blood was taken from healthy controls and patients
with various types of cADR including maculopapular (MP) type,
erythema multiforme (EM), 5JS, TEN and DIHS/DRESS at the
time of onset and recovery. Onset is an acute exacerbation phase
(< 7 days) and recovery is a remission phase of cADRs. Serum

was stored at —80 °C and cytokine levels were measured by lu-

Table 1 Profile of each group

‘\'Age (years) :
mean :i: Dt &)

o MP maculopapular 'EM evythema mulnfcrme SJS Stevens~ o

*Johnson syndrome, TEN toxic epldermal necrolysxs DIHS dnxg»f 2
mduced hypersensmvuy syndrome DRESS dmg reactlon \mth .
E eos ophlha and systexmc sympt
Lo human herpesmrus (HHV)
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minometric bead array using the Bio-Plex Suspension Array Sys-
tem (BioRad, Hemel Hempstead, U.K.). HMGB1 was measured
by enzyme-linked immunosorbent assay. The groups consisted
of the following subjects (full details in Table [): healthy con-
trols, 14 cases; MP/EM, 11 cases; S]S/TEN, 17 cases and DIHS/
DRESS, 17 cases. For comparison of cytokine levels between
healthy controls and each cADR group at onset, and between
onset and recovery in each cADR group, the Mann—~Whitney test
and Wilcoxon matched-pairs tests were used, respectively. Sta-
tistical significance was established at P < 0-05 and P < 0-01.

HMGBI was high in both SJ8/TEN and DIHS/DRESS com-
pared with healthy controls and other cADRs, but the level was
significantly higher in DIHS/DRESS than in SJS/TEN. Compari-
son of cytokine levels between S$JS/TEN and DIHS/DRESS
revealed a prominent increase in T helper (Th)2 cytokines/
chemokines such as 1L-5, IL-9 and IL-13 in DIHS/DRESS. Addi-
tionally, IL-10 (an anti-inflammatory cytokine) and IL-12 were
elevated in DIHS/DRESS (Fig. 1a). Concerning the serum cyto-
kine levels at the time of onset in each group, the following
were significantly increased compared with healthy controls: IL-
5, IL-6, chemokine (C-X-C) motif ligand (CXCL)-8, IL-9, IL-12,
eotaxin, granulocyte macrophage colony-stimulating factor
(GM-CSF), CXCL-10 and vascular endothelial growth factor
(VEGF) in MP/EM; IL-6, IL-12 and CXCL-10 in SJS/TEN; and
IL-5, 1L-6, IL-9, IL-10, IL-12, 1L-13, IL-15, eotaxin, GM-CSF,
interferon (IFN)-y, CXCL-10 and VEGF in DIHS/DRESS. Proin-
flammatory cytokines such as TNF-o and IFN-y were not neces-
sarily high in severe cADRs. Most, but not all, cytokines
returned to normal levels with treatment at the time of recovery
(Fig. 1).

Although the levels of various types of serum cytokines
were elevated at cADR onset, the levels of proinflammatory
cytokines did not correlate with the types of cADR or disease
severity. These results suggest that the overproduction of these
cytokines contributes to promoting inflammation, but that
mechanisms other than an increase of proinflammatory cyto-
kines are essential for inducing the massive keratinocyte apop-
tosis observed in SJS/TEN.

In DIHS/DRESS, Th2 cytokines, HMGB1 and IL-10, were
increased. Recent studies have reported that not only Th2 cyto-
kines, but also Th2 chemokines such as thymus and activation-
regulated chemokine, were elevated in serum in DIHS/
DRESS.®” In addition, HMGB1 was more highly elevated than in
SJS/TEN. HMGB1 has been shown to induce the differentiation
of dendritic cells (DCs) to CD11c°¥CD45RB"" DCs followed
by shifting of Th1 to Th2 in vitro.® Furthermore, high expression
of HMGB1 in DIHS/DRESS skin has been reported.” The area of
expression of HMGB1 was larger in DIHS/DRESS lesions than in
SIS lesions regardless of keratinocyte damage. Translocation of
HMGBI1 occurred in DIHS epidermal cells, and this HMGB1
attracted monomyeloid precursors harbouring HHV-6, resulting
in HHV-6 transmission to skin-infiltrating CD4" T cells, which
is essential for HHV-6 replication in DIHS/DRESS. On the other
hand, IL-10, which is an anti-inflammatory cytokine, was also
highly elevated in DIHS/DRESS. It has been reported that expan-
sion of Foxp3"CD25" T regulatory cells (Tregs) was observed

© 2014 British Association of Dermatologists
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Fig 1. Serum high mobility group box 1 protein (HMGB1) and cytokine levels were analysed by enzyme-linked immunosorbent assay and luminometric
bead array. To compare cytokine levels between healthy controls (HC) and each cutaneous adverse drug reaction (cADR) group at onset and between
onset and recovery in each cADR group, the Mann—Whitney test and Wilcoxon matched-pairs tests were used, respectively. Significantly higher levels of
(a) cytokines and (b) other proinflammatory cytokines in drug-induced hypersensitivity syndrome (DIHS)/drug reaction with eosinophilia and systemic
symptoms (DRESS) than in Stevens-Johnson syndrome (SJS)/toxic epidermal necrolysis (TEN). CXCL, chemokine (C-X-C) motif ligand; EM, erythema
multiforme; GM-CSF, granulocyte macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; MP, maculopapular; O, onset of disease;
R, recovery from disease; TNF, tumour necrosis factor; VEGF, vascular endothelial growth factor. *P < 0-05, **P < 0-01.
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during the acute stage of DIHS but not of TEN, whereas Tregs
decrease dramatically in the late stage of DIHS.'" Taken
together, HMGB1 released during the acute phase of DIHS/
DRESS might facilitate Th2 cell activation induced by the causa-
tive drug, resulting in exacerbation. In this context, Th2 cells
and Tregs, both producing IL-10, along with other activated
cells producing proinflammatory cytokines, characterize the
pathophysiology of DIHS/DRESS in the carly stage.

In conclusion, cytokine storm occurs in various types of
cADRs, but factors other than cylokines are required for the
onset of severe cADR. HMGB! may contribute to the devel-
opment of DIHS/DRESS through Th2 cell activation, which
plays a key role together with Tregs in the disease. The
involvement of HMGBI in c¢ADRs therefore requires further
investigation.
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A case of pemphigus herpetiformis-like
atypical pemphigus with IgG anti-desmocollin
3 antibodies

DOIL: 10.1111/bjd.13088

Dear Epitor, Pemphigus is an autoimmune blistering skin disease
characterized by autoantibodies to keratinocyte cell surface anti-
gens.'! Major autoantigens for pemphigus are desmogleins
(Dsgs), transmembrane cell-cell adhesion proteins belonging to
the cadherin family. Dsgl and Dsg3 are antigens for pemphigus
foliaceus and pemphigus vulgaris, respectively. In addition to
the four Dsg isoforms (Dsgl—4), there is another group of
desmosomal cadherins, the desmocollins (Dsc), which is
composed of three isoforms (Dsc1-3).

Pemphigus herpetiformis (PH) is a distinct variant of pem-
phigus; clinically it shows dermatitis herpetiformis-like fea-
tures characterized by pruritic annular erythemas with vesicles
on the periphery, histopathologically, eosinophilic spongiosis
and immunologically, IgG antibodies to keratinocyte cell sur-
faces.” Ishii et al. reported that the targets of IgG autoantibod-
ies in PH were Dsgs.” Anti-Dsgl antibodies were detected in
the majority of patients, while anti-Dsg3 antibodies were
detected in some cases. In this study, we report a case of
PH-like atypical pemphigus with IgG antibodies to Dsc3, but
without antibodies to Dsgs.

A 57-year-old Japanese man visited us complaining of a
I-year history of erosive skin lesions. He was otherwise
healthy with no particular medical history. Physical examina-
tion revealed pruritic, urticarial, annular erythemas on the
trunk and extremities, with some showing small vesicles at
the periphery (Fig. la). No mucosal involvement of the oral
cavity was present. Blood tests and computed tomography
showed no abnormalities.

© 2014 British Association of Dermatologists
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ABSTRACT

Aims: Our goals were to examine the relationships of a specific ATP-binding cassette transporter At
(ABCA1) variant, rs2230806 (R219K), on baseline lipids, low-density lipoprotein cholesterol (LDL-C)
lowering due to pravastatin, baseline heart disease, and cardiac endpoints on trial.
Methods and results: The ABCA1 R219K variant was assessed in 5414 participants in PROSPER (PRO-
spective Study of Pravastatin in the Elderly at Risk) (mean age 75.3 years), who had been randomized to
pravastatin 40 mg/day or placebo and followed for a mean of 3.2 years. Of these subjects 47.6% carried
the variant, with 40.0% carrying one allele, and 7.6% carrying both alleles. No effects on baseline LDL-C
levels were noted, but mean HDL-C increased modestly according to the number of variant alleles being
present (1.27 vs 1.28 vs 1.30 mmol/L, p = 0.024). No relationships between the presence or absence of
this variant and statin induced LDL-C lowering response or CHD at baseline were noted. However within
trial those with the variant as compared to those without the variant, the overall adjusted hazard ratio
for new cardiovascular disease (fatal CHD, non-fatal myocardial infarction, or fatal or non-fatal stroke)
was 1.22 (95% CI 1.06—1.40, p = 0.006), while for those in the pravastatin group it was 1.41 (1.15—1.73,
p = 0.001), and for those in the placebo group it was 1.08 (0.89—~1.30, p = 0.447) (p for interaction 0.058).
Conclusion: Our data indicate that subjects with the ABCAT R219K variant may get significantly less heart
disease risk reduction from pravastatin treatment than those without the variant.

© 2014 Published by Elsevier Ireland Ltd.
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1. Introduction

Elevated low-density lipoprotein cholesterol (LDL-C) and
reduced high-density lipoprotein cholesterol (HDL-C) levels inde-
pendently predict the risk of developing coronary heart disease
(CHD) [1,2]. Statins reduce LDL-C effectively, but considerable inter-
individual variation exists in treatment responses. Previous phar-
macogenetic studies have explored genetic variation as de-
terminants of statin response. We have previously documented
that genetic variation at the APOE, low density lipoprotein receptor

“(LDLR), proprotein convertase subtilisin/kexin type 9 (PCSK9), the
Niemann-Pick C1-like protein (NPCIL1), and the solute carrier
organic anion transporter (SLCO1B1) and the kinesin like protein
(KIF6) gene loci affects the degree of statin induced LDL-C lowering
response in the PROspective Study of Pravastatin in the Elderly at
Risk (PROSPER) [3—7]. Moreover in this same study we have
documented that genetic variation at the APOE, LDLR, NPC1L1, KIF6,
and the taste receptor type 2, member 50 (TAS2R50) gene loci
affected on trial CHD risk {3,5,7].

In PROSPER, there was a significant interaction (p = 0.0069)
between baseline HDL-C levels and treatment effect. Subjects in the
lowest HDL-C tertile (with baseline HDL-C <« 111 mmol/L or
<43 mg/dl) experienced apparently a greater benefit in terms of
CHD risk reduction from pravastatin (hazards ratio 0.64) than did
subjects with higher HDL-C levels [8]. The ATP-binding cassette
transporter A1 (ABCA1) has been found to be critical in promoting
the efflux of cellular cholesterol and phospholipid onto small pre-
beta 1 HDL particles and in the process converting them to larger
alpha migrating HDL particles [9]. Patients with significant defects
in ABCAI have marked HDL deficiency and Tangier disease, char-
acterized by cholesterol deposition in the tonsils, liver, spleen, and
neurologic tissue, as well as premature CHD [ 10]. The most studied
variant at the ABCAT gene locus is the R219K variant which causes
an amino substitution in which an arginine is replaced by a lysine at
amino acid position 219 in the ABCAI protein {11]. It has been
previously reported that individuals carrying the R219K variant
(found in 46% of a population of 790 subjects) had significantly
lower triglyceride levels, slightly higher HDL-C levels, and signifi-
cantly reduced severity of CHD as compared to non-carriers {12},
Moreover these authors suggested that this variant may be asso-
ciated with a modest gain of ABCAT function [11,12]. Subsequently it
was reported that the presence of the R219K ABCAT variant in pa-
tients with familial hypercholesterolemia (n = 374) was associated
with a markedly reduced risk of CHD (hazards ratio 0.32, p < 0.001)
as compared to non-carriers {13]. A recent meta-analysis based on
an examination of 6597 CHD cases and 15,369 controls concluded
that the presence of the R219K ABCA1 variant was associated with a
lower risk of CHD (hazards ratio 0.76, p < 0.0001), and modestly
higher HDL-C levels {14].

However, there are no studies to our knowledge that have
assessed whether the R219K ABCAIT genetic variant affects re-
sponses to statin treatment in terms of lipid modification or CHD
risk reduction. Our goals in this study were to determine whether
the ABCAT variant rs2230806 or R219K in PROSPER participants
would affect baseline lipids, CHD prevalence at baseline, pravas-
tatin induced LDL-C lowering, and pravastatin mediated CHD risk
reduction.

2. Materials and methods
2.1. Study subjects
The results and the methodology used in the PROspective Study

of Pravastatin in the Elderly at Risk (PROSPER) study have been
previously described [8,15]. In this study 2804 men and 3000

women, aged 70-—82 years, with pre-existing vascular disease
(n = 2404) or at least one of three major vascular risk factors
(diabetes n = 575, smoking n = 1433, or hypertension n = 3360)
were randomized to pravastatin 40 mg/day (n = 2891) or placebo
(n = 2913) and followed for an average of 3.2 years. Over this time
period, the mean LDL-C reduction in the active treatment group
was 32%, and the risk of developing CHD was decreased by 19%,
which was statistically significant {8]. '

2.2. Biochemical and DNA analysis

Total cholesterol (TC), HDL-C, and triglycerides were assessed
after an overnight fast, at 6 months, and at 12 months, and LDL-C
was calculated by the Friedewald formula, as previously
described [8]. Apolipoprotein A-l (apoA-I) and apolipoprotein B
(apoB) were measured only at baseline as described. DNA was
isolated from cells from this cohort and DNA from 5783 subjects
participating in this study were available for this study. ApoE
phenotype was determined on plasma samples by western blotting,
using the method of Havekes et al. in the central laboratory of the
Royal Infirmary in Glasgow, Scotland. Subjects were classified ac-
cording to the presence of apoE2, apoE3, or apoE4 bands on gel
blotting | 16]. This gel phenotyping method has been shown to have
99% concordance with genotyping [17].

For DNA analysis the single nucleotide polymorphism (SNP),
R219K (rs2230806) of the ABCAT gene was genotyped using Taq
Man® SNPs genotyping assays (Applied Biosystems, Foster City, CA).
The custom assay identification number was C_2741051_1. The
endpoint was read after PCR amplification was performed using an
Applied Biosystems 7900 HT Sequence Detection System. Genotypes
with quality scores below the 95% were repeated (n = 13) and 5%
blinded replicates for genotype determinations were performed. In
addition, a total of 119 subjects or 2.2% who had the apoE4/2
phenotype were excluded from these analyses, as well as 246 sub-
jects who had missing apoE phenotypes. These exclusions were
carried out because apoE phenotype or genotype can affect statin-
induced LDL-C lowering response, as well as CHD risk. Subjects
carrying the apoE4 allele have the lowest statin-induced LDL-C
lowering response and the highest CHD risk, while the converse is
true for carriers of the apoEZ allele [18—211. The subject character-
istics for these individuals representing the 5414 subjects studied
are shown in Table 1.

2.3. Statistical analysis

Observed genotype frequencies were compared with those ex-
pected under Hardy—Weinberg equilibrium using a x? test. For data
analysis, multivariate analysis of covariance (ANCOVA) was per-
formed to detect associations between lipoprotein levels at base-
line as well as changes in response to treatment with pravastatin at
6 months and with ABCA1 genotypes adjusted for gender, body
mass index, age, alcohol, smoking, diabetes, apoE phenotype,
baseline HDL-C levels, and country of origin, since subjects
participating in PROSPER were either from Scotland, Ireland, or the
Netherlands. Prevalence at baseline of myocardial infarction (MI)
and all types of vascular disease (history of angina, claudication, M,
stroke, transient ischemic attack, peripheral arterial disease sur-
gery, or amputation for vascular disease more than 6 months before
study entry) at baseline, as well as incidence of primary endpoints
(CHD death or nonfatal Ml or fatal non-fatal stroke), and all car-
diovascular events (primary endpoints and coronary artery bypass
grafting, coronary angioplasty, and peripheral artery surgery or
angioplasty), were compared between carriers of different ABCA1
SNP genotypes using multivariable logistic regression analysis in all
subjects, and also with stratification by gender and treatment. All
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Table 1
Study subjects (n = 5414).

Study characteristics Placebo Pravastatin
Mean (SD)* (n=2732) (n=2682)
Age (years) 753 (3.3) 75.4 (3.3)
BMI (kg/m?) 26.9(4.3) 26.8 (4.1)
Females, n (%) 1413 (51.7) 1382 (51.5)
History diabetes mellitus, n (%) 294 (10.8) 281(10.5)
History hypertension, n (%) 1694 (62.0) 1664 (62.0)
History vascular disease, 1 (%) 1191 (43.6) 1211 (45.2)
History of M1, n (%) 374 (13.7) 356 (13.3)
Current smoking, n (%) 740 (27.1) 693 (25.8)
Alcohol consumption (units per week) 5.0 (8.6) 5.3(9.5)
Total cholesterol (mmol/L) 5.67 (0.88) 5.70 (0.93)
LDL cholesterol (mmol/L) 3.79 (0.78) 3.81(0.81)
HDL cholesterol (mmol/L) 1.27 (0.34) 1.28 (0.35)
Triglyceride (mmol/L) 1.53 (0.69) 1.55 (0.71)
apoA-1 (g/L) 1.32 (0.24) 1.33(0.25)
apoB (g/L) 1.15 (0.22) 1.15(0.23)
apoE 2/2 + 2/3 (%) 121 12.1

apoE 3/3 (%) 64.7 64.3

apoE 3/4 + 4/4 (%) 232 236
ABCA1_R219K-rs2230806 MAF A:0.28

BMI: body mass index. MAF: minor allele frequency. MI: myocardial infarction.
2 Means (S.D.) unless otherwise specified; apoE 2/4 carriers were excluded (see
Materials and Methods section).

analyses were fully adjusted for age, gender, country, history of
vascular disease, body mass index, history of diabetes, as well as
history of hypertension, alcohol use, current smoking, apoE
phenotype, and baseline HDL-C levels. We estimated the power of
the study to detect genotypic differences in the incidence of car-
diovascular events by assuming an alpha-level of 0.05, a dominant
inheritance model, an assumed prevalence of events of 15% and a
power of 80% for a balanced case—control study (1:1) for minor
allele frequency 0.30, and genetic relative risk may around 1.2,
which indicated approximately 2000—2500 as the number of cases
per group required.

To evaluate the modifying effects of genotypes and gender on
the response to treatment, gene-treatment and gene—gender
interaction terms were added to the regression models. There was
no interaction between R219K and apoE phenotype. All analyses
were performed using SAS/STAT and SAS/Genetics (SAS Version 9.1,
SAS Institute Inc., Cary, NC). A two-sided p < 0.05 was considered
statistically significant. As for correction of multiple testing, we
applied Bonferroni correction and the p-value threshold of 0.05 was
divided by the number of independent tests.

3. Results

As summarized in Table 1, the participating subjects were
elderly, with a median age of 75 + 3 years at baseline. Mean LDL-C
levels were in the moderate-risk category (3.36—4.14 mmol/L or
130-160 mg/dl), as defined by the United States National Choles-
terol Education Program [22]. Approximately half of the men and
about one third of the women reported a history of any type of
vascular disease. Data on apoE phenotype distribution in this
population are also shown in Table 1. Genotype frequencies for the
ABCAT SNP examined conformed to Hardy—Weinberg equilibrium
(p > 0.05, data not shown).

3.1. Association with baseline lipid levels

Neither baseline LDL-C or triglyceride levels differed signifi-
cantly among the three genotypic groups. However mean HDL-C
levels increased modestly according to the number of variant
allele present (1.27 versus 1.28 versus 1.30 mmol/L, p = 0.024)
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(Table 2). After gender separation, similar trend in terms of HDL-C
levels was observed although statistical significance was no longer
present (Table 2).

3.2. Associations with lipid response to treatment

To determine whether the R219K variant affected lipid re-
sponses to pravastatin, the association between the R219K variant
under study and 6 month and 12 month changes in TC, LDL-C, HDL-
C, and triglyceride levels in individuals treated with pravastatin or
placebo were examined. No significant relationships between the
presence or absence of this variant and statin induced LDL-C
response (Table 3) or changes in other lipid parameters including
triglycerides or HDL-C levels (data not shown) were noted.

3.3. Associations with history and within trial incidence of
cardiovascular disease

There were no significant associations between the prevalence
of various forms of vascular disease at baseline and the presence of
the R219K variant (data not shown). As shown in Tables 2 and 3A
and B, the number of AA homozygotes in placebo or pravastatin
group was around 100, and cases with primary endpoint were 10—
20 in each gender. Therefore, we examined variant effects in a
dominant model, not additive model, to avoid false positive or
negative association. In Table 4, we show the data on the re-
lationships between ABCA1 genotypes and cardiovascular end-
points within trial. For all subjects, there was a significantly
increased risk of new cardiovascular disease (fatal CHD, non-fatal
myocardial infarction, or fatal or non-fatal stroke) on trial for
those who carried the ABCA1 R219K variant as compared to those
who did not. The overall adjusted hazard ratio on trial for carriers
versus non-carriers was 1.22 (95%ClI 1.06—1.40, p = 0.006). Exam-
ining two treatment arms, it was seen that for carriers in the pla-
cebo group the HR was 1.08 (0.89-1.30, p = 0.447), while for
carriers in the pravastatin group it was 1.41 (1.15—1.73, p = 0.001).

Table 2
Adjusted baseline lipid levels (mean =+ SD) by gender and genotype.

ABCAT SNP R219K p*
52230806 P A v

All (n) 2834 2167 413

TC (mmol/L) 5.69 + 0.91 5.68 £ 0.89 575 £0.93 0.463
LDL-C (mmol/L) 3.81 £ 0.80 3.79 £ 0.80 3.80 & 0.80 0.655
HDL-C (mmol/L) 1.27 £ 034 1.28 £ 0.35 130+ 034 0.024
TG (mmol/L) 1.56 + 0.72 1.53 + 0.69 1.52 + 0.64 0.140
apoA-I (g/L) 132+ 024 133 4025 135 + 0.23 0.066
apoB (g/L) 1.15 £ 0.23 1.15 + 0.23 1.15 £ 0.22 0.222
Men (n) 1395 1040 184

TC (mmol/L) 5.36 = 0.80 5.36 £ 0.80 531 +0.71 0.819
LDL-C (mmol/L) 3.59 £ 0.72 3.58 +£0.73 3.54 4+ 0.62 0.820
HDL-C (mmol/L) 117 £ 031 1.18 £ 0.33 1.21 £ 030 0.133
TG (mmol/L) 1.50 + 0.74 1.50 £ 0.74 1.44 £+ 0.59 0.568
apoA-I (g/L) 1.24 £ 021 1.25 + 0.24 1.26 £ 0.22 0.166
apoB (g/L) 1.11 £ 022 1,10 & 0.21 1.09 + 0.19 0.227
Women (n) 1439 1127 229

TC (mmol/L) 6.00 + 0.89 5.97 + 0.88 6.11 + 0.93 0.110
LDL-C (mmol/L) 4.01 & 0.81 3.99 + 0.81 4.07 +0.82 0.281
HDL-C (mmol/L) 1.36 £ 0.35 1.38 4+ 0.35 140 + 0.34 0.091
TG (mmol/L) 1.61 + 0.69 1.55 4+ 0.64 1.60 + 0.68 0.127
apoA-I (g/L) 1.39  0.25 140 £ 024 142 +0.21 0.221
apoB (g/L) 1.20 £0.23 1.18 £ 0.22 1.20 +0.23 0.577

2 p values using the three genotypes, men and women combined; adjusted for
gender, body mass index, age, alcohol, smoking, diabetes, apoE phenotype, and
country. As for Bonferroni correction of multiple testing, p-value threshold divided
by independent tests would be 0.05/12 = 0.004.

116 —



H. Akao et al. / Atherosclerosis 235 (2014) 176181 179

Table 3

A. Percent LDL-C response to pravastatin by genotype. B. Percent LDL-C response to placebo by genotype.

Gene Genotype Adjusted mean percent LDL-C reduction®
n 6 months pP n 12 months p°

A

ABCA1

All GG 1346 ~33.06 + 14.16 0.374 1318 ~32.04 £ 15.70 0.767
GA 1010 ~33.26 £ 14,31 972 -31.72 £ 15.65
AA 199 ~33.84 4 12.72 198 ~31.77 & 15.46

Men GG 673 ~32.37 4 13.82 0.604 662 ~30.99  15.79 0.519
GA 459 ~32.73 4 13.32 443 ~30.69 & 15.01
AA 107 3257 £ 12.78 104 ~29.54 + 1646

Women GG 673 ~33.75 4 14.46 0.502 656 ~33.10 + 1556 0.797
GA 551 ~33.69 + 15.09 529 ~32.59 + 16.13
AA 92 ~3532 4 12.55 94 ~34.24 + 13.95

B

ABCAT

All GG 1334 -1.70 + 11.89 0.257 1297 —~1.11 % 13.22 0.952
GA 1044 ~1.42 4 11.24 1029 -1.31 4+ 13.55
AA 193 ~0.85 £ 0.95 190 -0.78 - 0.12

Men GG 652 ~1.82 4 1143 0.107 632 ~0.69 & 12.77 0.881
GA 526 -1.25 3 12.26 525 -1.66 & 13.94
AA 66 0.69 + 8.32 68 1.34 + 10.14

Women GG 682 -1.58 4 12.32 0.957 665 -1.51 £ 13.63 0.830
GA 518 ~1.60 4 10.11 504 -0.95 4 13.14
AA 127 ~1.65 4 10.05 122 ~1.34 4 13.37

¢ Values are provided as mean = S.D.

b pvalues for data combining men and women, adjusted for gender, body mass index, age, alcohol, smoking, diabetes, apoE phenotype, baseline HDL-C levels, and country.

An interaction between this genetic variation and treatment benefit
was very close to statistical significance (p = 0.058), suggesting that
the R219K variant is a novel genetic marker for pravastatin treat-
ment benefit in the elderly. Similar findings for this variant were
observed in both men and women (Table 4), but an interaction
between this genetic variant and treatment benefit (primary
endpoint) in both gender did not reach statistical significance,
p = 0.206 in men and 0.148 in women.

4. Discussion

We examined the association of a prevalent genetic poly-
morphism, R219K, at the ABCAT gene locus with baseline lipids and
vascular disease, pravastatin induced LDL-C lowering response, and
cardiovascular endpoints on trial in PROSPER, in which participants
who had been randomized to pravastatin 40 mg/day or placebo and
were followed for a mean of 3.2 years {8]. We found that the
presence of this variant was associated with modestly, but signifi-
cantly greater levels of baseline HDL-C. More importantly we noted
that, in this trial of pravastatin in elderly subjects, those on active
treatment carrying variant allele had a significantly greater car-
diovascular risk (close to that in the placebo group) than those on
pravastatin without the variant.

Amino acid 219 is located in the long extracellular loop of ABCA1,
a region of the transporter known to contain various glycosylation
sites [23,24]. The substitution of an arginine by a lysine at this
residue probably alters the conformation of the extracellular
domain of the ABCAI protein, and enhances its interaction with
apoA-l, thereby increasing the efficiency of phospholipid and
cholesterol transfer from the plasma membrane to HDL particles

levels. To date, the association between ABCA1 R219K variant and
increased HDL-C level remains controversial.

To our knowledge, only one small study examined potential
effects of the R219K variant on statin induced lipid responses {28].
These investigators reported similar LDL-C reductions among the
three ABCA1 genotypic groups after 12 weeks of treatment with
pravastatin. Our study in a much larger population with a longer
treatment period supports these prior observations and indicates

that this polymorphism does not plays a significant role as a
determinant of LDL-C lowering response to pravastatin treatment.

Our study did not provide direct evidence for the mechanism by
which the R219K variant affect the statin effects in cardiovascular
event reduction. Wild-type homozygotes for this variant showed
significantly lower HDL-C levels at baseline. If this could be
recognized as a simple representation of high-risk population, our
observation might be the case that gredter benefit from pravastatin
treatment could be expected in the higher risk group. Another
possible mechanism is that R219K variant plays a novel role in lipid
metabolism. Supporting this is a recent study suggesting that the
R219K variant not only affects apoA-I and HDL metabolism, but may
also significant influence postprandial lipid metabolism [29].
Further in vitro and in vivo study would clearly be required to
establish the significance of this genetic variation as determinant
for statin response. In comparison with previous studies, the pre-
sent results are concordant with some and discordant with others
to investigate ABCAT polymorphism with respect to both cardio-
vascular diseases and statin response. As for R219K variant, a meta-
analysis including 5388 participants reported opposite genotype
effects, K-variant as a protective allele, in Chinese population {30].
However, authors of this report found significantly more frequent
prevalence of K-variant allele in Chinese population as compared to
Caucasians, and recommended the interpretation with great
caution. Another meta-analysis including 42 studies for R219K
variant reported a potential protective role of K-allele, but again
suggested limited interpretation of results because of significant
heterogeneity among enrolled studies {31]. As for statin response,
only one study examined potential influence of ABCA1 poly-
morphism {32]. This pharmacogenetic study enrolled 1686 patients
with familial hypercholesterolemia without history of coronary
heart disease and analyzed statin-ABCA1 C69T, not R219K, poly-
morphism interaction by comparing treated and untreated pa-
tients. They found that TT genotype was associated with increased
disease risk in untreated patients, but that the risk was no longer
significantly different between genotypes, at least partially
explained by a higher rise in HDL-C levels (despite similar pre-
treatment levels) during statin treatment in TT individuals. Effects
of this polymorphism on ABCAI transcription were proposed, but
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Table 4

Analysis of incidence of new events on trial by ABCAT genotype.
Gene Primary endpoints e CHD death or non-fatal Ml p¢ Cardiovascular events p*
Genotype New case/total HR¢ New case/total HR® New case/total HR®

subjects (%) subjects (%) subjects (%)

ABCA1
Unadjusted
GG 386/2834 (13.6) 1 0.005  277/2834(9.7) 1 0.002  439/2834(155) 1 0.029
GA + AA 420/2580 (16.3) 1.22 (1.06—1.40) 321/2580 (12.4) 1.30(1.10-1.52) 256/2580 (17.7) 1.16 (1.02—1.32)
Adjusted?
GG 386/2834 (13.6) 1 0.006 277/2834 (9.7) 1 0.001 439/2834 (15.5) 1 0.021
GA + AA 420/2580 (16.3) 1.22 (1.06—1.40) 321/2580 (12.4) 1.30 (1.11-1.53) 456/2580 (17.7) 1.17 (1.02—1.33)
On placebo
GG 216/1412 (15.3) 1 0.447 157/1412 (11.1) 1 0.192 241/1412 (17.1) 1 0.404
GA + AA 219/1320 (16.6) 1.08 (0.89—1.30) 170/1320 (12.5) 1.16 (0.93~1.44) 242/1320 (18.3) 1.08 (0.90—-1.29)
On pravastatin”
GG 170/1422 (12.0) 1 0.001 120/1422 (8.4) 1 0.001 198/1422 (13.9) 1 0.013
GA + AA 201/1260 (16.0)  1.41 (1.15-1.73) 151/1260 (12.9)  1.51 (1.18—1.92) 214/1260 (17.0)  1.28 (1.06—1.56)
Men on placebo
GG 127/685 (18.5) 1 0.568 97/685 (14.2) 1 0.279 142/685 (20.7) 1 0.396
GA + AA 128/634 (20.2) 1.08 (0.84—1.38) 106/634 (16.7) 1.17 (0.88—1.54) 146/634 (23.0) 1.11 (0.88—1.40)
Men on pravastatin
GG 97/710 (13.7) 1 '0.026 72/710 (10.1) 1 0.029 116/710 (16.3) 1 0.087
GA + AA 107/590 (18.1) 1.37 (1.04—1.80) 83/590 (14.1) 1.42 (1.04-1.95) 117/590 (19.8) 1.25(0.97-1.62)
Women on placebo
GG 89/727 (122) 1 0.661 60/727 (8.3) 1. 0.496 99/727 (136) 1 0.806
GA + AA 91/686 (13.3) 1.07 (0.80—1.43) 64/686 (9.3) 1.13 (0.79-1.61) 96/686 (14.0) 1.04 (0.78—1.38)
Women on pravastatin
GG 73/712 (10.3) 1 0.011 48/712 (6.7) 1 0.008 82/712 (11.5) 1 0.046
GA + AA 94/670 (14.0) 1.50 (1.10-2.05) 68/670 (10.1) 1.67 (1.14-2.44) 97/670 (14.5) 1.36 (1.01-1.83)

4 p values for men and women combined; adjusted for gender, body mass index, age, alcohol, smoking, diabetes, hypertension, apoE phenotype, baseline HDL-C levels,
randomized treatment, and country. No significant differences were noted when men and women were separated.
5 p values for men and women combined; adjusted for gender, body mass index, age, alcohol, smoking, diabetes, hypertension, apoE phenotype, baseline HDL-C levels, and

country.
¢ Hazards ratio (95% confidence interval).

94 As for Bonferroni correction of multiple testing, p-value threshold divided by independent tests would be 0.05/4 = 0.0125.

further studies appear to be required to confirm this consideration.
In addition, difference in study populations, familial hypercholes-
terolemia without coronary disease (mean age 39 years) in this
study and elderly (75 years) in our study could not ailow us to
consider these two studies equally.

In the original analysis in PROSPER, subgroup analysis demon-
strated that the benefit of pravastatin in the prevention for primary
endpoint was predominantly in the lowest tertile of HDL-C with
significant interaction {8]. Our current observations, associations
with wild allele homozygosity, lower HDL-C levels, and fewer car-
diovascular events on pravastatin, could provide one possible ge-
netic explanation for this finding. This kind of issue which could
only be obtained through a well-conducted large randomized study
enrolling significant number of both genders and examining
genotypic effects on treatment response is the most important
strength of the present study. Despite that the primary weakness of
the study is its narrow focus, only one polymorphism investigated
and lack of providing evidence of possible explanation for obser-
vations, further in vitro and clinical studies are required to extend
our observations to more wide range of populations.

In conclusion, ABCA1 R219K variant might be a novel genetic
determinant for pravastatin treatment response in heart disease
risk reduction in the elderly.
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