Letter to the Editor

Functional FCGR2B gene variants influence
intravenous immunoglobulin response in pa-
tients with Kawasaki disease

To the Editor:

Human intravenous immunoglobulin (IVIG) administered at a
high dose suppresses inflammation caused by several autoim-
mune diseases. Although IVIG is licensed for the treatment of
patients with Kawasaki disease (KD), idiopathic thrombocytic
purpura, Guillan-Barré syndrome, and chronic inflammatory
demyelinating polyneuropathy, the modes of action in these
clinical syndromes require elucidation. Proposed mechanisms
include F(ab’),-dependent modulation of pathogenic autoanti-
body neutralization, cytokine production, and complement com-
ponent neutralization.' However, studies with clinical and murine
models show that IVIG anti-inflammatory potency depends more
on the IgG Fe binding to receptors expressed on the surface of var-
ious immune cells. The Fcry receptor (FcyR) family contains mul-
tiple activating receptors and a single inhibitory receptor,
FcyRIIB. Importantly, B cells express only the inhibitory type.
Presumably, IVIG modulates the balance between activating
and inhibitory receptors.

FcyRIIB plays a central role in mediating Fc-dependent anti-
inflammatory actions in mice.” IVIG elicits a minimal therapeutic
effect in FcyRIIB-deficient mice with autoimmune disease® but
induces FcyRIIB surface expression on splenic macrophages in
wild-type mice,* thereby preventing antibody-induced inflamma-
tion. Also, IVIG upregulates FcyRIIB expression by monocytes
and B cells among clinically responding patients with chronic in-
flammatory demyelinating polyneuropathy.’ Although these
studies in mice and the limited patient data support a model for
FcyRIIB involvement in IVIG actions, further clinical confirma-
tion is required.

We thus tested our hypothesis that the gene encoding FcyRIIB
participates in IVIG anti-inflammatory action in human subjects
by determining whether functionally relevant polymorphisms for
this gene influence IVIG response in a KD cohort. This autoim-
mune syndrome produces acute and diffuse vasculitis. There is
predilection for the coronary arteries, in which aneurysms occur
in 20% to 25% of untreated patients. IVIG (2 g/kg) with aspirin
represents the only standard therapy recommended for acute KD,
but the response is variable. The American Heart Association and
American Academy of Pediatrics define failure to respond or
IVIG refractoriness to treatment as persistent or recurrent fever
(temperature >38°C) at greater than 36 hours after completing the
initial IVIG infusion.® The IVIG refractory rate, depending on the
clinical series, is reported to be between 13% to 30%.° Coronary
artery vasculitis and aneurysms occur at comparatively high rates
in refractory patients.7

With institutional review board approval and parental consent,
we obtained DNA from patients with KD (n = 383) and parents
(n = 578) from 3 centers in the Pacific Northwest. Qualifying
patients met strict American Heart Association/American Acad-
emy of Pediatrics clinical criteria for the diagnosis of KD.® The
predominantly male cohort (59%) showed median KD age of on-
set at 34.5 months (interquartile range [15-61.5 months). In our
IVIG response analysis, we only included the patients with KD
(231 responders, 76 refractory) if they received standard

treatment within 10 days, followed guidelines prescribing IVIG
refractoriness,” and were not participating in other treatment-
related clinical trials. In all patients with KD and their parents
(for frequency comparisons), we pyrosequenced (see the
Methods section in this article’s Online Repository at www.
jacionline.org) the DNA regions containing 3 known functional
polymorphisms in the FCGR2B gene: a single nucleotide poly-
morphism in the FCGR2B region encoding either isoleucine (I)
or threonine (T) amino acid at position 232 within the transmem-
brane region (nucleotide position +775; IIB+775 [T/c]), which is
known to alter the function of this receptor, and 2 single nucleo-
tide polymorphisms at positions —386 (IIB-386 [G/c]) and —120
(IIB-120 [T/a]) upstream from the translation start site known to
alter the promoter activity, resulting in differing levels of receptor
expression.® We assigned race to subjects from this heterogeneous
US population using 155 ancestry informative markers (AIMs)
specific for Asian, African, Native American, and European de-
scent (see the Methods section in this article’s Online Repository
for more information).

However, the allele frequency for all 3 polymorphisms differed
substantially among the major racial and ethnic groups. Most
strikingly, the A allele at FCGR2B-120T/a was totally absent in
Asian patients (n = 48) and their unaffected parents (n = 86)
and African American patients (n = 10) and their parents (n =
16); it was rare in Hispanic patients (n = 40) and their parents
(n = 67). Thus we analyzed the effect of the polymorphisms on
IVIG treatment response for each race, including the heteroge-
neous Hispanic population, separately. In Caucasian subjects
the minor allele A at FCGR2B—120T/a occurred more frequently
among the responders (15%) than the nonresponders (5%), with
an odds ratio of 3.23 (95% CI, 1.22-8.33; P = .01; Table I). The
overall genotypic distribution was different in responders and
nonresponders (P = .03). Furthermore, no IVIG nonresponders
were AA homozygous, whereas 5 (4%) of 128 responders were
homozygotes, and a similar trend was observed with heterozy-
gotes, occurring more frequently (23% vs 11%) among the re-
sponders (Fig 1). The Armitage trend test suggested a higher
likelihood of being a responder with increased numbers of
A alleles (P = .02). Only 2 Hispanic patients with KD were het-
erozygotes (AT); both were also IVIG responders. Consistent
with a previous report on FCGR2B-386 (G/c) and FCGR2B-120
(T/a) haplotypes,9 the frequencies of G-T, C-A, and C-T haplo-
types in Caucasian unaffected parents were 91%, 8%, and 1%, re-
spectively. Among the patients, the distributions of these
haplotypes differed significantly when comparing responders
with nonresponders (84.5% vs 92%, 15% vs 6%, and 0.5% vs
2%, respectively; overall P =.02), with the increased C-A haplo-
type in the responders tagging FCGR2B-120A. In Asian subjects
FCGR2B+775T/c, encoding the transmembrane region, showed
trends related to IVIG treatment response, but the power was lim-
ited by the small sample size.

FcyRIIB inhibits immune response through coligation with
either activating FcyRs or with B-cell receptors bound to immune
complexes.2 This coligation leads to phosphorylation of the cyto-
plasmic immunoreceptor tyrosine-based inhibitory motif within
the transmembrane FcyRIIB portion. Immunoreceptor tyrosine-
based inhibitory motif phosphorylation leads to downstream tar-
get dephosphorylation and inhibition of the activating signaling
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TABLE I. Polymorphisms in the FCGR2B gene and response to IVIG treatment among patients with KD in all ethnic groups and only

Caucasian subjects

Minor allele frequency (%) Allelic ORs (95% Cl), P value
Polymorphisms Parents Responders Nonresponders responders vs nonresponders Allelic* Genotypet Trendi
All ethnic groups n = 578 n = 231 n =176
FCGR2B+17175T/c 15 18 14 1.35 (0.79-2.22) 28 42 .34
FCGR2B—386G/c 9 10 7 1.61 (0.79-3.23) 18 32 21
FCGR2B—120T/a 9 10 5 2.22 (0.98-5.02) .05 17 .06
Caucasian subjects n = 369 n = 128 n =48
FCGR2B+1775T/c 13 12 13 0.97 (0.47-2.01) 94 97 95
FCGR2B—386G/c 13 16 8 2.04 (0.91-4.55) .08 21 .10
FCGR2B—120T/a 12 15 5 3.23 (1.22-8.33) .01 .03 .02
Asian subjects n = 86 n = 40 n=3§
FCGR2B+1775T/c 27 40 19 1.54 (0.39-6.25) 11 .15 .14
FCGR2B—386G/c 1 0 0 — — — —
FCGR2B—120T/a 0 0 0 — — — —
Hispanic subjects n = 67 n =29 n=11
FCGR2B+1775T/c — 49 .65 51
FCGR2B—386G/c — — — —
FCGR2B—120T/a — — — —
Boldfaced values are statistically significant.
OR, Odds ratio.
#x? Test (df = 1).
x2 Test (df = 2).
fCochran-Armitage test.
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FIG 1. Genotype distribution (counts) of FCGR2B—120T/a and association with IVIG response in Caucasian

subjects and in the mixed population.

cascade. Inhibition increases with increased FcyRIIB surface ex-
pression, which is controlled in part at the transcriptional level.
Transfection of the FCGR2B—386/C and FCGR2B—120/A pro-
moter haplotype into BJAB or U397 cells increases constitutive
and cyclic AMP-stimulated FCGR2B promoter activity through
enhanced binding to GATA4 and Yin-Yangl (YY) transcription
factors.’ Accordingly, our data, which were obtained in
human subjects and linking increased FCGR2B promoter activity
with improved clinical response, confirm the importance of
FcyRIIB in mediating the anti-inflammatory action of high-dose
IVIG.

The prevailing models derived primarily from murine exper-
iments suggest that IVIG sensing occurs through 1 or multiple
candidates, such as FcyRIII or DC-SIGN-related-1.> FcyRIIB
is downstream within a signaling cascade but is required to

trigger IVIG-mediated inflammatory inhibition. Thus functional
polymorphisms or other influences in 1 or multiple candidate
genes along this cascade could also affect the IVIG response.
The specificity of this promoter polymorphism for the Caucasian
population suggests that these candidates or others, possibly in-
volving the activating FcyRs, could be responsible for the IVIG
response variation in subjects of other races. This study provides
the basis for defining the IVIG regulatory mechanisms in patients
and for using a clinical pharmacogenomic approach to IVIG
therapy.
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METHODS
Genotyping

Three functional polymorphisms in the FCGR2B gene family were genotyped
by using pyrosequencing methodology with a PCR reaction with the Failsafe
PCR system (Epicenter Technologies, Madison, Wis). The PCR reactions and
cycling conditions have been previously described.”! Briefly, initial long-
range PCR amplifications were performed with the following primers to ensure
gene-specific amplification: FCGR2B+775 (T/c) forward CTAAGAGG
AGCCCTTCCCTAT and reverse AATACGGGCCTAGATCTGAATG; FCG
R2B—386 (G/c) forward CTCCACAGGTTACTCGTTTCTACCTTATCTTAC
and reverse GCTTGCGTGGCCCCTGGTTCTCA; and FCGR2B—120 (T/a)
forward CTCCACAGGTTACTCGTTTCTACCTTATCTTAC and reverse
GCTTGCGTGGCCCCTGGTTCTCA. A second nested PCR reaction (using
0.25 p.L of the first PCR) was performed around the single nucleotide polymor-
phism site by using a biotinylated primer to allow for purification of a single-
stranded template for the pyrosequencing reaction as follows: FCGR2B+775
(T/c) forward TCCCTAACTCCCAGCTCTTCAC and reverse bio-CTACA
AAACCTGAAATCCGCTTTTT; FCGR2B—386 (G/c) forward TCAAGA
AGCATCCAGATTCCAG and reverse bio-AAACTCAGCTCAGAACCTC
CTGTT; and FCGR2B—120 (T/a) forward AAAGAGGGTGGAAAGGGAG
GAG and reverse bio-CTCTCAAAGCTTGGCGGATTCTAC. After denatura-
tion of the PCR amplicon in 0.1 mol/L NaOH for 10 minutes, the
single-strand product is immobilized to streptavidin-sepharose (Amersham Bio-
sciences, Piscataway, NJ), washed, and annealed with 15 pmol of the following
“pyrosequencing”  primer: FCGR2B+775 (T/c), TGGCTGTGGTCAC
TGGGA; FCGR2B—-386 (G/c), TGCTGGTGCACGCTGTCCT; and
FCGR2B—120 (T/a), CCTGTGATAAAACAGAACAT. Pyrosequencing was
performed according to the manufacturer’s instructions, as previously
described.*?

AlMs

This study is based on the potentially admixed population in the
northwestern United States. One hundred fifty-five genome-wide ancestry
informative markers specific for Asians, Africans, Native Americans, and
Europeans were typed in the BeadExpress assay in the Illumina platform
(Illumina, Inc, San Diego, Calif) to account for population stratification.

Statistical methods
Genotypes for the AIMs that successfully passed the Illumina QC test
were used to calculate principal components of ancestry through use of the
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principle components analysis (PCA) program from the Eigenstrat soft-
ware package.™® On the basis of the eigenvalues determined in this analy-
sis, the first 3 components were chosen to be used for classification of the
subjects into distinct genetic ethnicities. The values calculated by means of
PCA were subjected to a discriminant analysis® by using the Discrim pro-
cedure in SAS version 9.2 (SAS Institute, Inc, Cary, NC). The subjects
chosen were those who identified themselves as members of only 1 of
the following ethnic groups for a formal classification analysis: Caucasian,
Asian, or Hispanic. Because of small numbers, other groups were ex-
cluded. This procedure determined that a quadratic discriminant function
was more appropriate than a linear function. The discriminant function cal-
culated from subjects in these 3 self-identified groups was applied to the
remainder of the subjects who had results from the PCA analysis. These
included self-identified African Americans, Native Americans, those who
self-identified to be in multiple groups, and those who did not provide
any self-identification. The final results of this objective analysis were
viewed subjectively, and subjects not clearly within a cluster were reclas-
sified as “other mixed.”

A case-control approach was performed to examine the differential
distribution of alleles and genotypes for each of the 3 variants among
participants who did not respond to IVIG treatments (cases) versus those who
responded (control subjects). Additionally, distributions of haplotypes based
on the 2 variants in the promoter region were examined between cases and
control subjects. All analyses were performed for the entire set of patients with
KD and also separately for Caucasians, Asians, and Hispanics, as determined
by PCA of AIMs. ORs with 95% Cls and P values were calculated for all an-
alytic comparisons.
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