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752. Table ¢ suggests that the difference of the two
methods is not ignorable, on average, judging by sta-
tistical significance when F20.4, because the CI by the
generalized method included 1.0, whereas CI by the
usual method did not.

The essential feature of the influence of the gener-
alized method on the judgment of association can be
seen in Table 5, which is the mean of R, Ry, N7p, and
Nrp obtained from the 1,000 simulation repetitions.
When y=1.5 or 2.0, w=0.02, 0.06 or 0.10 and p=0.2 or
0.4, the false positive number of SNPs in the general-
ized method was, on average, slightly less than that in
the usual method.

Discussion

The essential improvement achieved by the general-
ized method is summarized in Table 3. In this table, for
example, the average number of falsely detected SNPs
by the usual method was 22.0 (n=188) or 22.0 (n=752),
whereas it was 20.4 (n=188) or 19.7 (n=752) by the
peneralized method when =20, w=0.10 and p=04.
The amount of the improvement was not great, but it
may be appreciated in certain research circumstances,
because a difference of even a few SNPs would be
highly significant in the advanced stages of gene
hunting following an association study, such as large-
scale, multiethnic replication studies or lengthy func-
tional analyses on model animals. It should be noted
that a substantial investment in the post-association
study is often necessary, especially in a hypothesis-free
genome scan, in which a prior probability of the gene is
minimal.

Deviation from HWE is not a rare, exceptional case
in association studies. Figure 2 shows an example of
the distribution of the fixation index in a large-scale
SNP typing project, in which 84,542 SNP typing data
on autosomal chromosomes were obtained for 940

individuals in the Millennium Genome Project of
Japan (Haga etal. 2002; Yoshida and Yoshimura
2003). In this dataset, the operating protocol of our
SNP typing laboratory includes routine quality check
steps to filter simple experimental errors. However,
even after the careful check for the genotyping errors,
a sizable fraction of about 2% of the 84,542 SNPs
showed a fixation index outside the normal range of
variation under the hypothesis that the population
fixation index was 0.

As for other data, Wittke-Thompson et al. (2003)
did a survey of HWD in several recent reviews of
association studies (Xu et al. 2412; Gyorffy et al. 2004;
Kocsis et al. 204a, b; Osawa et al. 2(i34) and identified
41 studies with 60 polymorphisms showing a departure
from HWE: 35 polymorphisms that depart {rom HWE
in cases only, 21 that departed in controls only, 2 that
departed in the same direction in cases and controls,
and 1 that departed in the opposite direction in cases
and controls. Wittke-Thompson et al. (2005) empha-
sized the importance not only of correctly assessing
HWE for genotype data but also of understanding
whether an observed HWD was consistent with a ge-
netic mode] of disease susceptibility.

In a previous study, Schaid and Jacobsen (1999),
Zaykin et al. (2004) and Salanti et al. (2003) each
recommended the correction of the variance of the
observed statistics which is allele frequency difference,
relative risk or odds ratio under HWD, respectively,
because the type 1 error for gene-disease associations
tested on the level of alleles was inflated when the
estimated inbreeding coefficient was positive, while the-
error deflates for the negative coefficient. However,
under circumstances where the assumptions of HWE in
controls and codominance between the alleles do not
hold well, Sasieni (1997) recommended simply to
abandon the allelic odds ratio for an association study,
because the allelic odds ratio and chi-square statistics
are not robust under such circumstances. These previ-

Table 4 Difference of confidence interval between two methods for various fixation indices F=Ffi=/7 at P1,=0.15 and P;»=0.10

Fixation index F n=n,=n=188

n=n=n,=752

Usual method

Generalized method

Usual method Generalized method

Lower Upper Lower Upper Lower Upper Lower Upper
~-0.10 1.047 2.551 1.071 2.494 1.282 1.994 1.298 1.972
0.00 1.048 2.556 1.049 2.554 1.283 1.995 1.283 1.995
0.20 1.054 2577 1.012 2.684 1.284 1.997 1.258 2.039
0.40 1.0589 2.594 0.978 2.809 1.286 2.001 1.236 2,083
0.60 1.066 2.620 0.949 2.946 1.289 2.006 1.216 2.126

The range of fixation index (Fj) depends on the population

P .
- S Fj < 1G=1,2)

.
fRey

-l
£

probabilities allele X and is shown by the following equation:
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Tahle 5 Observed means of positive predicative value (R,,), sensitivity (R,), true positive SNPs (Nyy), and false positive SNPs (V)
obtained in the simulation experiment (F,>0 and f2=0)

i W s Method n=188 n=376 n=752
Usual General Usual General Usual General
1.3 0.02 0.2 R, 0.502 0.503 0.64} 0.6453 0.693 0.701
R, 0411 0412 0.727 0.724 0.924 0.921
Nyp 20.6 20.6 36.3 36.2 46.2 46.0
Npp 204 203 204 19.9 20.3 19.6
0.4 R, 0.496 0.500 0.640 0.646 0.646 0.701
R, 0.410 0.411 0.728 0.725 0.924 0.922
Nop 20.5 20.6 364 363 36.2 46.1
Ao 20.8 20.6 205 19.8 19.8 19.7
0.06 0.2 R, 0.499 0.504 0.636 0.645 0.689 0.700
R, 0.414 0415 0.730 0.725 0.923 0.919
Nyp 20.7 20,7 36.5 36.3 46.1 46.0
Nyyp 20.8 204 20.9 20.0 20.8 19.7
0.4 R, 0.492 0.501 0.629 0.640 0.687 0.703
Ry 0414 0412 0.725 0.720 0.922 0.919
Nyp 207 20.6 36.2 36.0 46.1 459
Ngp 213 20.5 214 20.2 21.0 19.4
0.10 0.2 R, 0.490 0.498 0.636 0.647 0.688 0.702
Ry 0.410 0.410 0.731 0.727 0.924 0.920
Ny 20.5 20.5 36.6 36.4 46.2 46.0
Npp 213 20.6 209 19.8 20.9 19.5
0.4 R, 0.483 0.499 0.626 0.646 0.679 0.700
Ry 0.410 0.408 0.725 0.720 0.923 0.919
Nyp 20.5 204 36.3 36.0 46.2 459
Npp 219 20.5 21.7 19.7 21.8 19.7
2.0 0.02 0.2 R, 0.677 0.675 0.702 0.706 0.707 0.715
Ry 0.849 0.845 0.961 0.958 0.992 0.991
Nyp 42.4 422 48.1 47.9 49.6 49.6
Ngp 20.2 20.3 20.4 19.9 20.5 19.8
0.4 R, 0.672 0.673 0.697 0.704 0.706 0.715
R, 0.850 0.846 0.959 0.956 0.992 0.991
N 42.5 423 48.0 47.8 49.6 49.6
Ngp 20.8 20.5 20.8 20.1 20.7 19.7
0.06 0.2 R, 0.672 0.675 0.700 0.708 0.704 0.716
R, 0.849 0.845 0.962 0.959 0.992 0.991
Ny 42,4 42.2 48.1 47.9 49.6 49.6
Nipp 20.8 20.3 20.7 19.8 20.9 19.7
04 R, 0.666 0.674 0.694 0.707 0.704 0.719
R, 0.849 0.844 0.961 0.958 0.992 0.991
Nop 42.5 42.2 48.0 479 49.6 49.6
Npp 213 204 21.2 19.8 20.9 19.3
0.10 0.2 R, 0.670 0.676 0.697 0.708 0.702 0.716
R, 0.851 0.847 0.960 0.957 0.992 0.992
Npp 42.6 423 48.0 47.9 49.6 49.6
Ngp 209 20.2 20.9 19.8 21.1 19.7
0.4 R, 0.657 0.673 0.687 0.706 0.693 0.716
R, 0.846 0.839 0.963 0.960 0.992 0.991
Nyp 423 42.0 48.1 48.0 49.6 49.5
Niyp 220 20.4 22.0 20.0 22.0 19.7

The fixation index (F) in a case group was specified by a mixed distribution of a constant 0 with probability I-w and a normal
distribution N(pt, 0.10%) with probability w, where w=0.02, 0.06 or 0.10, and u was set as 0.2, or 0.4. In a control group £ was set to 0

ous studies were tarpeted at a candidate—gene associ-
ation study or meta-analysis and did not examine a
penome-wide association study. Here, we scrutinized
the situation in a genome-wide association study and
showed that around 2% of the large tail area was laid

4| Springer

outside the distribution of F, suggesting the importance
of the correction under HWD. Because the cardinal
feature of the genome-wide association study is a
screening, we believe that Sasieni’s recommendation
may be too conservative to be accepted, and the
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generalized method should be applied as a sensitivity
analysis in a genome-wide association study to improve
both false positive rate (for F>0) and false negative
rate (for F<0).
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Appendix: Mathematical details

Let the population probabilities of genotypes “XX,
“xy”, and “xx” be m, mz and 73 (n1 + w2 + m3=1),
respectively, then those of alleles “X" and “x” for a
SNP are given by Eq. 10.

Pi=m+ 7I2/2,

Py =ny+ n2/2(=1—P1). (10)

When we use the fixation index (Li et al. [933) defined
by

2

F=1- , 11
2(my + 12/2)(m3 + 12/2) (1)

(n;; i=1, 2, 3) are expressed as Eq. 12,

= P% + FP1P;

mp = 2P\Py —2FP1P; (12)

n3 = P% + FP1P,

Therefore, (111, 72, 73) is equivalent to (Py, Pa, F).
. When the Hardy-Weinberg equilibrium (HWE)
holds, F=0 and Eq. 12 reduces to Eq. 13; that is, the
second term in the right side of Eq. 12 represents the
degree of disequilibrium.
m =P, m=2PP;, m=PF} (13)
For a random sample of size n, the observed fre-
quency (11, 12, ns); (n + n2 + na=n) of genotypes (XX,
X, xx) is distributed as trinomial distribution Tn(n; 71,
n2, m3) and, therefore, the maximum likelihood esti-
mator of 7; (i=1, 2, 3) is pi=nin (i=1,2,3). Likewise, the
maximum likelihood estimators of Py and allele odds
P /(1= Py)are _ Py=pi+paf2=(2m+m)/(2n),
and f’1/<1 — Py ), respectively.

Since the means, variances, and covariance of py and
p- are given (Bishop et al. 1973 Agresti 2001) by

foretin

E{pi}=m =P%+FP1P2
E{p2}=m=2P1P,—2FP\P;
V{Pl}z,l,nl(l-nl):;]}( %+FP1P2)(1 —P%—Fplpg)
V{p2}=1m(l —ma)=1(2P P2~ 2FP\P3) )
X(l—-?,P]Pz +2FP1P2)
Covi{py.p2}= ~%T[]TI2=-%(P?1'+FP]P3)
X(2P1P2~2FP1P2)

(14)
the mean and variance of f’l is, after a simple but
tedious algebra, derived as Egs. 15 and 16.

. 1
E{Pl} = E{p1} 4'§E{P2}
1
= PL+ FP\Py +52(PyPy = FP1P)
= Py(P, + P2) = P,

(15)

. 1 1\?
V{Pl} =V{p1} +2§C0\’{P1,P2} + (E) V{p2}
]1_(1% + FP1P;)(1 — P} — FP1Py)

1

- ’1—1 (P2 + FP{P;)(2P1P2 — 2FP Py)

1
+E;(2P1P2 —2FP1P2)(1 — 2P Py 4 2FP1P3)

PP 2
= (2]"(P1+P2) +1 r)

_P(1-Py)

(14 F).

2N

(16)

When F=0, the last term is the well-known formula for
binomial proportion for the size 27 and probability P;.
1t refiects that the distribution of the frequency of al-
lele X under HWE is the same as that of allele X
randomly chosen from 2n alleles with P; as the pro-
portion of X.

Since P; tends to P; in probability when n tends to
infinity, the logarithm of estimated allelic odds,

log (f’;/('l - ]31», can be approximated by the first
order Taylor expansion as Eq. 17.

f’} ( Py ) 1 N
log — | = log|- + = Py =P
”(]—-[ﬁ) S\l - P P1(1~P1)( ! l)

(17)

Consequently, the mean and variance

of
log <f’1/(1 - Pl)) are asymptotically approximated
by Eqs. 18 and 19:
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: P ~ P, |
E{]og <1 _]31>} = log (1 — P]>’ as)
Py N 1 )
V{]Og <1_j3]>} NP%(l—Pl)z {Pl}
1 o
=sEa-po
! 1
= (2171)1 + (1 = Pl)) 1+ F).
(19)

When we consider the populations of cases and
controls of a disease, the association between allele and
disease is conventionally represented by the aliele odds
ratio i defined by Eq. 20, where the case and the
control are differentiated with the second subscript 1
(case) and 2 (control).

/P

. 20
1= Py (20)

Consider we have random samples of size ny and 1,
from cases and controls, respectively. Then the maxi-
mum likelihood estimator ¥ of 1 is given by Eq. 21,
where f’u and f’lz are the maximum likelihood estima-
tors based on samples of case and control, respectively.

/

Since the sample of case and that of control can be

assumed independent, we obtain Eqs. 22 and 23,
P
~E<log
P 1

Eqlog z
{ (1 - Py
12

= log (1—%;> — log (i—_lz-];;
V{log <1f )}+ V{log(
& o+

211‘1P11 + 2)‘1‘] (1 - P11
+ (2)1,2[’12 * 2n3(1 — Pyp)

‘/,=_P;1

1- Py

Py

- 21
N (21)

11 Py

=)
) = log (4),
@)

E{logli/}

. 3

1-Py

11

il

V{]og J/}

P

Q

1 1

>(1 + F2),
(23)

where F; and F; are fixation indices of case and con-
trol, respectively.

@_ Springer

)

When we construct an asymptotic confidence inter-
val of log () with confidence level 1-z, we should

replace V{log (\//)} with its estimator given by Eq. 24.

{100 } ( ' 1 )(1+ﬁ1)

-+
2n1y +nay 2na1 4+ nog
. ) (1

1 1
+ +
2ma 4+ ny 2na +n

ra i)

'
=+

22

(24)
where ﬁl,ﬁg are as follows:
N 2190 ; .
F=1- L =1,2. 25
! (213 + na)(2n3; + nyj) / (25)
References

Agresti A (2001) Categorical data analysis, 2nd edn. Wiley, New
York

Balding D, Bishop M, Cannings C (2001) Handbook of statistical
genetics. Wiley, New York

Bishop Y, Fienberg S, Holland P (1975) Discrete multivariate
analysis: theory and practice. MIT Press, Cambridge

Gyorffy B, Kocsis I, Vasahelyi B (2004) Biallelic genotype dis-
tributions in papers published in Gut between 1998 and
2003: altered conclusions after recalculating the Hardy-
Weinberg equilibrium. Gut 53:614-616

Haga H, Yamada R, Ohnishi Y, Nakamura Y, Tanaka T (2002)
Gene-based SNP discovery as part of the Japanese Millen-
nium Genome Project: identification of 190,562 genetic
variations in the hbuman genome. Single-nucleotide poly-
morphism. J Hum Genet 47:605-610

Hirakawa M, Tanaka T, Hashimoto Y, Kuroda M, Takagi T,
Nakamura Y (2002) JSNP: a database of common gene
variations in the Japanese population. Nucleic Acids Res
30:158-162

Hirschhorn JN, Daly MJ (2005) Genome-wide association stud-
ies for common diseases and complex traits. Nat Rev Genet
6:95-108

International Human Genome Sequencing Consortium (2004)
Finishing the euchromatic sequence of the human genome.
Nature 431:931-945

Kocsis 1, Gyorffy B, Nemeth E, Vasarhelyi B (2004a) Exami-
nation of Hardy-Weinberg equilibrium in papers of Kidney
International: an underused tool. Kidney Int 65:1936-1958

Kocsis 1, Vasarhelyi B, Gyorffy A, Gyorffy B (2004b) Reanalysis
of genolype distributions published in Neurclogy between
1999 and 2002. Neurology 63:357-358

Li CC, Horvitz DG (1953) Some methods of estimating the
inbreeding coefficient. Am J Hum Genet 5:107-117

Nei M (1987) Molecular evolutionary genetics. Columbia Uni-
versity Press, New York

Osawa H, Yamada K, Onuma H, Murakami A, Ochi M, Kawata
H, Nishimiya T, Niiya T, Shimizu I, Nishida W, Hashiram-
oto M, Kanatsuka A, Fujii Y, Ohashi J, Makino H (2004)
The G/G genotype of a resistin single-nucieotide polymor-
phism at —420 increases type 2 diabetes mellitus suscepli-
bility by inducing promoter activity through specific binding
of Sp1/3. Am J Hum Genel 75:678-686



1 Hum Genet

Pharoah PD, Antoniou A, Bobrow M, Zimmern RL, Easton DF,
Ponder BA (2002) Polygenic susceptibility o breast cancer
and implications for prevention. Nat Genel 31:33-36

Ponder BA (2001) Cancer genclics. Nature 17:336-341

Sachidanandam R, Weissman D, Schmidt SC, Kakol JM, Stein
LD, Marth G, Sherry S et al (2001) A map of human gen-
ome sequence variation containing 1.42 million single
nucleotide polymorphisms. Nature 409:928-933

Salanti G, Amountza G, Nizani EE, loannidis JP (2003) Hardy-
Weinberg equilibrium in genetic association studies: an
empirical evaluation of reporting, deviations, and power.
Eur J Hum Genet 13:840-848

Sasieni PD (1997) From genotypes to genes: doubling the sample
size. Biometrics 53:1233-1261

Sato Y, Suganami I, Hamada C, Yoshimura 1, Yoshida I, Yo-
shimura K (2004) Designing a multistage, SN P-based, gen-
ome screen for common diseases. J Hum Genet 49:669-676

Schaid DJ, Jacobsen SJ (1999) Biased tests of association: com-
parisons of allele frequencies when departing from Hardy-
Weinberg proportions. Am J Epidemiol 149:706-711

Sing F, Haviland B, Reilly L (1996) Genetic architecture of
common multifactorial diseases. In: Variation in the Human
Genome (Ciba Foundation Symposium 1997). Wiley,
Chichesler, pp 211-229

[Pt
[
Bt

Wittke-Thompson JK, Pluzhnikov A, Cox NJ (2005) Rational
Inferences about Departures {rom Hardy-Weinberg Equi-
libriom. Am I Hum Genel 76:967-986

Wright § (1951) The genetical structure of populations. Ann
Eugen 15:23-354

Wright S (1963) The interpretation of population structure by F-
statistics with special regard Lo systems of mating. Evolution
19:395-420

Wright AF, Carothers AD, Pirastu M (1999) Population choice
in mapping genes for complex diseases. Nat Genet 23:397-
404

Xu J, Turner A, Little J, Bleecker ER, Meyers DA (2002) Po-
sitive resulls in association studies are associated with
departure from Hardy-Weinberg equilibrium: hint for
aenolyping error? Hum Genel 111:373-574

Yoshida T, Yoshimura K (2003) Outline of disease gene hunting
approaches in the Millennium Genome Project of Japan.
Proc Jpn Acad Ser B 79:34-50

Zaykin DV, Meng Z, Ghosh SK (2004) interval estimation of
genetic susceplibility for retrospective case-control studies.
BMC Genet 59

@ Springer



Environmental and Molecular Mutagenesis 47:1~5 (2006)

Meeting Report

Mouse Lymphoma Thymidine Kinase Gene Mutation
Assay: Follow-up Meeting of the International
Workshop on Genotoxicity Testing—Aberdeen,
Scotland, 2003—Assay Acceptance Criteria, Positive
Controls, and Data Evaluation

Martha M. Moore,] * Masamitsu Honmm,:2 Julie Clements,3
George Bc>lcsfoldi,‘1 Brian Burlinson,5 Maria Cifone,é Jane C|crke,7
Robert Deic»ngchcxmp,1 Robert Durwc:rd,8 Michael Fellows,9
Bhaskar GoHclpudi,]O Saimei Hou* Peter Jenkinson,® Melvin l.loyd,3
Jenness Muieska,” Brian Myhr,6 Michael O’Donovcm,9 Takashi Omori, 2
Colin Riqch,] 3 Richard San,” Leon F. Stankowski et Ajit K. Thakur,®
Freddy Van Goethem,' Shinobu Wakuri,'© and Isao Yoshimura'”

' National Center for Toxicological Research, Food and Drug Administration,
Jefferson, Arkansas
2Ngtional Institute of Health Sciences, Division of Genetics and Mutagenesis,
Tokyo, Japan '

3 Covance loboratories, Lid., Harrogate, North Yorkshire, United Kingdom
4Safety Assessment, AstraZeneca R&D, Sodertalje, Sweden
5Huntingdon Life Sciences, Huntingdon, United Kingdom
6Covance Laboratories Inc., Vienna, Virginia
7 BioReliance Invitrogen Bioservices, Rockville, Maryland
8 Safepharm Laboratories Ltd., Shardlow, Derbyshire, United Kingdom
?Safety Assessment, AstraZeneca R&D, Alderley Park,
Macclesfield, United Kingdom
107he Dow Chemical Company, TERC, Midland, Michigan
VBoehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, Connecticut
12Kyoto University School of Public Health, Kyoto, Japan
13|nveresk (A Charles River Company], Tranent, Scotland
14 )ohnson & Johnson Pharmaceutical Research and Development L.L.C,,
Raritan, New Jersey
15)ohnson & Johnson Pharmaceutical Research and Development,
Beerse, Belgium
16 iatano Research Institute, Food and Drug Safety Center, Kanagawa, Japan
17 Faculty of Engineering, Tokyo University of Science, Shinjuku-ku,
Tokyo, Japan

The Mouse Lymphoma Assay (MLA) Workgroup of
the International Workshop on Genotoxicity Testing
(IWGT), comprised of experts from Japan, Europe,
and the United States, met on August 29, 2003, in
Aberdeen, Scotland, United Kingdom. This meefing
of the MLA Workgroup was devoted to reaching a
consensus on the appropriate approach fo data eval-

vation and on acceptance criteria for both the positive
and negative/vehicle controls. The Workgroup re-
ached consensus on the acceptance criteria for both
the agar and microwell versions of the MLA, Recom-
mendations include acceptable ranges for mutant fre-
quency, cloning efficiency, and suspension growth of
the negative/vehicle controls and on criteria to define
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an accepiable positive conirol response. The recom-
mendation for the defermination of a positive/nego-
five test chemical response includes both the require-
ment that the response exceeds a defined value [the

global evaluation factor (GEF)] and that there also be
a positive dose-response {evaluated by an appropri-
ofe sialistical method). Environ. Mol. Mutagen.
47:1-5,2006. Published 2005 Wiley-liss, inc.!

Key words: mouse lymphoma assay; thymidine kinase; gene mutation assay

INTRODUCTION

The Mouse Lymphoma Assay (MLA) Workgroup of
the International Workshop on Genotoxicity Testing
(IWGT), comprised of experts from Japan, Europe, and
the United States, met on August 29, 2003, in Aberdeen,
Scotland. United Kingdom. This meeting of the MLA
Workgroup was devoted to reaching a consensus on the
appropriate approach to data evaluation and on acceptance
criteria for the positive controls. In addition, on the basis
of new data, the group slightly revised the acceptance cri-
teria for the negative controls that had been agreed upon
at the last group meeting, held on June 28 and 29, 2002

in Plymouth, England, United Kingdom [Moore et al.,

2003].

Since its first meeting, held as a part of the IWGT Pro-
cedures in Washington, DC, in the spring of 1999, the

MLA Workgroup has been endeavoring to address three
main issues of importance to the assay. These include (1)
the conduct of a data-based analysis upon which to base a
final recommendation for measuring cytotoxicity; (2) the
criteria for data acceptance and appropriate approaches
for data evaluation; and (3) the issues related to the Inter-
national Commiltee for Harmonization (ICH) recom-
mended use of a 24-hr treatment time (including the abil-
ity of the assay to detect aneugens). This is the 4th meet-
ing of the Workgroup in which consensus has been
reached and reported. The previous three meetings are
reported in Moore et al. [2000, 2002, 2003].

ACCEPTANCE CRITERIA FOR NEGATIVE/VEHICLE
CONTROLS

During the June 2002 meeting of the Workgroup in
Plymouth, acceptance criteria were agreed upon for the
MLA [Moore et al., 2003]. Following the meeting, the
various laboratories revisited their methods for scoring
mutant colonies. One laboratory conducting the microwell
version of the assay and counting stained colonies deter-
mined that many of the colonies previously scored were
below the size normally considered by others to be score-
able . mutants. Additional experiments using unstained
wells resulted in an overall lowering of the background
mutant frequencies (MFs) [rom that laboratory and in a
modification of the overall multiple laboratory distribu-
tion. The new global distribution for the negative/vehicle
control MFs for the microwell version of the assay is
shown in Figure |. Based on this new information, the

majority of the Workgroup members agreed that the
acceptable ranges for the negative/vehicle control MF for
the microwell version of the assay should be revised 1o
(50-170) % 107°.

For both methods, the cloning efficiency (CE) referred
to in the criteria is the absolute CE obtained at the time
of mutant selection. The suspension growth (SG) of the
negative/vehicle control refers to the growth during the 2-
day expression period following 3- or 4-hr treatments. 1t
is defined as the fold-increase of the cell number during
{his 2-day period. The SG is calculated by the day 1 fold-
increase in cell number multiplied by the day 2 fold-
increase in cell number. ‘

The acceptance criteria for all of the negative/vehicle
control parameters for the soft agar and microwell meth-
ods of performing the MLA are now as follows:

Agar methud Microwell method

MF (35-140) x 107° (50-170) x 107°
CE (65-120)% (65-120)%
SG 8-32 §-32

ACCEPTANCE CRITERIA FOR POSITIVE CONTROLS

Positive control cultures should be included in every
MLA experiment. This is done to assure that the assay is
working within historical experience and that both the
large and small-colony thymidine kinase (Tk) mutants are
being adequately enumerated in each experiment. Because
of the importance of adequate small colony mutant recov-
ery, the Workgroup has chosen o develop criteria for the
positive control that includes an appropriate increase in
the small-colony Tk MF.

During the meeting in Plymouth, the Workgroup agreed
{o investigate a single reference chemical treatment that
would be used for the MLA without S9 activation, and a
single reference chemical treatment that would be used
with S9 activation [Moore et al., 2003]. Following the
meeling, it became apparent that achieving this goal
required more effort than anticipated. Therefore, the
Workgroup developed a different strategy for this require-
ment to provide assurance that adequate small and large
colony mutant recovery was altained in an individual
experiment. ‘

The majority of the Workgroup members agreed upon
two different approaches 1o assuring an adequate positive
control response. Either approach is acceptable. In the
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Fig. 1. Distribution plots of the negative/vehicle control MFs were a8
follows: (A) six laboratories conducting the microwell version and
(B) four laboratories conducting the agar version of the MLA assay. The
number of experimental observations is plotied in histogram form for
incremental increases in mutant frequency (xlO"’). Units of 10 were
used for the increments with the exception of the agar data where incre-
ments of 15 or 5 are used for the 20-35 and 35-40 increases, respec-
tively. The GEF, calculated as the mean of the distribution plus one
standard deviation, is indicated for each version of the MLA.

first approach, the Jaboratory should use 2 dose of a
chemical that yields an absolute increase in total MF, that
is an increase above the spontaneous background MF [an
induced MF (IMPF)] of at least 300 x 1076, At least 40%
of the IMF should be reflected in the small colony MF.
For instance, in a culture showing an IMF of 300 x 1078,
the small colony IMF should be at least 120 % 107%. The
second approach requires the use of a dose of a chemical
{hat increases the small colony MF at least 150 x 107¢
above that seen in the concurrent negative/vehicle control
(a small colony IMF of 150 X 107%.

Furthermore. the upper limit of cytotoxicity observed in
the positive control culture should be the same as for the
experimental cultures. That is, the relative total growth
(RTG) should be greater than 10% [Moore et al., 2002].
While some laboratories prefer 1o use more than one dose
of their positive control, it is sufficient to use a single
dose (or one of the doses of the positive control cultures
if more than one dose is used) to demonstrate that the
acceptance criteria for the positive control have been sat-
isfied.
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DATA EVALUATION

Proper assay evaluation includes assuring that the nega-
tive/vehicle controls are acceptable and that the appropri-
ate test chemical dose range has been obtained. For more
detail on the Workgroup recommendations on the steps
for proper assay evaluation, the reader is referred to the
summaries of the New Orleans and Plymouth meetings
[Moore et al.. 2002, 2003]. Once the criteria for experi-
mental acceptance have been satisfied, the data from each
individual experiment can be evaluated to determine
whether the response is positive, negative, or equivocal.

The Workgroup agreed that none of the previously used
methods to evaluate MLA data is entirely satisfactory.
With the goal of recommending one or more statistical
methods, the group utilized actual experimental data col-
lected from 10 laboratories (six microwell labs and four
agar labs) and applied 29 statistical methods to these 398
data sets. A brief summary of this analysis and a com-
plete list of the statistical methods are included in the Ply-
mouth Meeting Report [Moore et al., 2003). A complete
description of this analysis will be written. The statistical
methods used can be defined by the dependent varjable
(ME, log ME, or rank MF) and the independent varia-
ble(s) (dose, dose categories, dose + dose x dose. log
dose, or rank dose) and the weight [none, variance
(dependent variable)].

There were several conclusions from the analyses of
the statistical methods. When P < 0.05 was used to
define a data setl as positive, all of the statistical methods
agreed on the positive or negative call in approximately
40% of the data sets. However, for approximately 60% of
{he data sets, the various statistical methods gave diver-
gent positive/negative results. Based on this analysis, it
was impossible to select one or more statistical methods
that the Workgroup could confidently recommend 10
determine whether a chemical was positive or negative in
the MLA. That is, for a large portion of the evaluated
data sets, statistical methods could be selected that would
result in either a positive or negative call.

1t should be noted that a large percentage of the data-
base was composed of chemicals that gave only small
increases in MF. That is, the data were representative of
{hat generally seen in laboratories testing chemicals of
unknown mutagenicity. It is easy to classify chemicals
(hat induce large increases in MF as positive, The diffi-
culty arises in those situations where the increase in MF
is very small. Statistical methods are designed 1o estimate
the probability that a particular response occurred by
chance. Therefore, those experiments having little varia-
bility between duplicate cultures or data points fitling
tightly to a linear (or quadratic) curve are more likely to
be judged positive (by statistical analysis) than experi-
ments showing large variability. 1t is clear that the actual
variability for any dose of a test chemical is not
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adequately represented in any single experiment. In fact,
from our analysis, the response distribution is not well
defined until approximately 50 experiments are included
[Moore et al., 2003]. Therefore, a positive or negative call
should not be based solely upon the variability observed
within an individual experiment.

Tt should also be noted that the data evaluation issues
mentioned earlier are not unique to the MLA. Other
genetic toxicology assays have similar issues in regard to
data evaluation and data interpretation.

The background MF for the MLA shows a broad range
of values (Fig. 1). Tt is clear that all laboratories generate
some experiments where a *‘statistically”™ positive dose-
response curve can fit within the normal range of the
background MF.

Based on these considerations and taking into account
previous guidance documents (i.e., FDA Redbook [hup://
www.clsan.fda.gov/~redbook/red-toca.html]  and OECD
[1997]), which siate that biological relevance should be a
major factor in data evaluation. the majority of the mem-
bers of the Workgroup decided to take a different
approach to data analysis.

The majority of the Workgroup members agreed that a
biologically relevant approach to MLA data evaluation
might be achieved by requiring that the IMF exceed some
value based on the global background MF for each
method (agar or microwell), The basic concept for this
approach was discussed at the meeting in Plymouth and a
complete discussion of the rationale for this approach can
be found in Moore et al. [2003]. This value would be the
global evaluation factor (GEF). In addition, statistical
analysis should be applied to determine whether there is a
dose-related increase in MF. Such a procedure would dis-
regard small increases in IMF, judged by experts in the
assay to be of little or no toxicological significance, but
would include statistical analysis to evaluate the presence
of a positive dose-related trend.

The majority of the Workgroup members agreed that it
would be desirable to use the multilaboratory distributions
shown in Figure 1 to calculate the GEF for the agar and
the microwell versions of the assay and that factor would
be used for evaluating MLA experiments in all laborato-
ries. After considerable discussion, the majority of the
Workgroup members agreed that the GEF should be
defined as the mean of the negative/solvent MF distribu-
tion plus one standard deviation. For the agar version of
the assay the GEF would therefore be 90 and for the
microwell version it would be 126 (see Fig. 1). The GEF
would be applied as in the following example: If the nega-
tive/vehicle control MF in a microwell experiment is 50 x
1078, then one of the test cultures must have a MF of at
least 50 + 126 (the microwell GEF) = 176 x 107° 10
meel the GEF criterion for a positive call. An appropriate
statistical trend test should be applied to determine
whether there was a positive dose-related increase. This

approach should be applied both to experiments that uti-
lize single cultures and those using duplicate, triplicate,
ete. cultures for each data point. Of course, some statisti-
cal methods can only be used for experiments in which at
Jeast duplicate cultures are used.

A test agent response in an experiment is positive if
bhoth the IMF for any treatment meets or exceeds the GEF
and a positive trend test is obtained. A test agent response
is clearly negative if both the trend analysis and the GEF
are negative. It is recognized that there will be experi-
ments in which either (but not both) the GEF or the statis-
tical analysis indicates a positive response. These situa-
tions should be evaluated on a case-by-case basis. It is
generally advisable to conduct one or more additional
experiments to better define the assay response (particu-
larly in the (30-10)% RTG cylotoxicity range).

The majority of the Workgroup members feel that only
those responses positive for both the GEF and the statisti-
cal trend analyses are biologically relevant. However, par-
ticular altention should be given to test agents, aller rigor-
ous testing, that are negative for the GEF, yet consistently
show a positive trend test. It is possible that the test agent
is very weakly mutagenic under the test conditions or
contains a small amount of a mutagenic substance. These
compounds may require further chemical characterization
and, perhaps additional evalualion for mutagenic poten-
tial. The metabolism of these chemicals under the in vitro
test conditions should be evaluated and the possibility
considered that the in vitro metabolic conditions might be

inadequate and that their in vivo metabolites might be
mutagenic.

CURRENT WORKGROUP ACTIVITIES

To date, the Workgroup has completed its recommen-
dations for two of the three issues identified during its
meeting in Washington, DC. Currently, the Workgroup is
beginning to address the issues related to the ICH recom-
mendation for a 24-hr treatment in the absence of 89 met-
abolic activation. This recommendation has been in place
long enough for laboratories to have substantial databases
for the 24-hr treatment. Presently, the Workgroup is col-
lecting data from which to base additional recommenda-
tions for this treatment condition.
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Although many single nucleotide polymorphism (SNP) studies have
reported an-association of atopy, allergic diseases and total serum
immunoglobulin B (IgE) levels, almost all of these studies sought risk
factors for the onset of these allergic diseases. Furthermore, many
studies have analyzed a single gene and hardly any have analyzed
environmental factors. In these analyses, the results could be masked
and the effects of other genes and environmental factors may be
decreased. Here, we described the correlation between four genes
[interleukin (IL)-4 (C-590T), IL-4 receptor (A1652G), FCER1B
(G6842A) and STAT6 (G2964A)] in connection with IgE production;
the role of IL-10 (C-627A) as a regulatory cytokine of allergy; and the
severity of food allergy (FA) and atopic eczema (AE) in 220 Japanese
allergic children. In addition to these SNPs, environmental factors, i.e.,
patient’s attitude, indoor envirmonment, and so on, were also investi-
gated in this study.

Our study was retrospective, and the correlation was analyzed by our
defined clinical scores divided into three terms: worst symptoms, recent
symptoms and general amelioration at the most recent examination
during the disease course. Our results indicated that IL-10 AA, the
genotype with lower IL-10 production, is associated with higher IgB
levels in the serum (p < 0.0001, estimate; 0.912). Marginal liver
abnormalities were observed inthe subject group with both FA and AE
(p < 0.1191, estimate; 0.1490). :

Our. defined clinical scores enabled evaluation of various aspects of
disease severity. Based on the scores, while no single SNP selected in this
study determined severity, the combination of the SNP with laboratory
data and environmental factors appeared to determine severity.

Atopy is a common familial trait characterized
by increased specific or total serum immuno-
globulin E (IgE) and underlies food allergy (FA)
and atopic eczema (AE) among other childhood
allergic diseases. As much as 95% of childhood
allergy is associated with atopy and the cause of
allergy involves both environmental and genetic
risk factors. Genetic studies of atopic diseases
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using genome screens and candidate gene
approaches suggest that several genes have been
implicated in the pathogenesis of the allergic
diseases (1-6).

Although many genetic studies have analyzed
single nucleotide polymorphisms (SNPs) as risk
factors for allergic diseases (7-13), the aim of our
research was to study the correlation between
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SINPs of seven genes and the severity of FA and
AE. Recently, the hygiene hypothesis focused on
the prevention of atopy acquisition. In this
theory, the swrounding environments during
infancy play an important role in atopy predis-
position for life (14, 15). Therefore, we used a
questionnaire and clinical recordings to analyze
the effect of environmental factors. Allergic
pediatric subjects are mostly complicated by
FA, AE, bronchial asthma (BA) and allergic
rhinitis (AR). Therefore, we used the complicated
subjects as the proper group for this study of
genetic and environmental factors.

We focused on four candidate genes, interleu-

kin-4 (IL-4), IL-4 receptor o-chain (IL-4Ra)), the -

B-subunit of the high-affinity IgE receptor
(FCERI1B) and signal transducer and activator
of transcription 6 (STAT-6), for enhancement of
IgE production and action (7-9, 16-18). Corre-
lation with severity of allergic diseases was
speculated to be much stronger with a combined
analysis of a series of proteins for IgE production
than single gene analysis. Furthermore, we also
analyzed IL-10, which was reported as a regula-
tory cytokine that controls the balance between
Th1/Th2 (19-21). Thus, low production of IL-10
appeared to lead to chronic inflammation at local
sites (20). We selected these five SNPs (single
SNP per one gene) to be functionally important
on each gene and to be associated with atopy or
allergy (18, 19, 21-26).

In the present study, we evaluated the disease
severity of three aspects categorized by pharma-
cological medications and clinical manifestation
and then correlated the categorized disease
severity and the aforementioned seven genes.
Thus, we revealed the masked effect of the other
genes in the single gene analysis. We demonstra-
ted that genetic and environmental factors played
a part in exacerbations of atopic diseases.

Materials and methods
Subjects

Two hundred and twenty Japanese allergic sub-
jects, who were regularly treated by only one doc-
tor, were recruited for this study from our
outpatient department. Thirty-three subjects

were excluded from the study for various reasons-

and 19 nuclear families were included. The mean
age of this group was 7.3 yr (range: 0-19 yr),
with a median of 6.5 yr (s.d. = 4.5). The pro-
portion of males- to females in this group was
about three to two. These subjects had compli-
cations of other allergic disorders, such as
asthma, allergic rhinitis, and allergic conjuncti-
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vitis other than AE and FA. BEthical approval
was granted by the Showa University Medical
and Pharmaceutical Ethics Committee Board,
and written consent was obtained from all sub-
jects and their parents. The clinical data extracted
from clinical recordings were as follows: age, sex,
family history, total serum IgE levels, eosinophil
(%), IgE CAP RAST score, oral allergy syn-
drome symptoms (pruritus and angioedema of
the lips, tongue and palate), blood biochemical
parameters of liver function (GOT, GPT, LDH,
and ALP), patient surrounding environmental
conditions, and medications.

Classification of clinical data

The individual clinical data was gradually scored
into five classes. We divided the family history, a
risk factor of atopy, into five classes based on the
munber of family members with allergies as
follows: 1: none; 2: one grandparent: 3: one
parent; 4: a parent and a grandparent; and 5:

- both parents. In general, most children with AE

have an allergic response to certain foods. Thus,
the specific antibody or allergic response to food
was detected in the allergic subjects with FA or
AE. Positive responses to these foods (egg, milk,
wheat, tree nuts, shellfish, peanuts, buckwheat,
latex, and others) were expressed as the number
of CAP RAST or oral allergy syndrome (OAS)
symptoms. These responses were separated into
five classes based on the presence of CAP RAST
and OAS symptoms as follows: 1: none; 2: one or
two; 3: three or four; 4: five or six; and 5: greater
than seven. The GOT, GPT, LDH, and ALP
data were used as an index of liver function.
Evaluation of each value was based on Showa
University Hospital’s criteria. Liver function was
divided into five classes based on the number of
abnormal liver function tests as follows: 1: none;
2: one; 3; two; 4: three; 5: all. Total serum IgE
(IU/mL) level was separated into five classes as
follows: 1: below 100; 2: 100-500; 3: 500~1000; 4:
1000-5000; and S: over 5000. The percentage of
eosinophils (%) was divided into five classes as
follows: 1: below 4; 2: 4-7; 3: 7-10; 4: 10-13; and
5: over 13. Mite RAST score was divided into
five classes as follows: 1: zero ; 2; one; 3: two or
three; 4: four or five; and 5; six. Environmental
conditions, including patient’s attitude, indoor
environment, cleaning, bathing, and discipline, of
allergic subjects were extracted from clinical
recordings and the questionnaire. As shown
in Table 1, patient’s attitude and indoor
environment - were assessed in five items,
respectively. Conditions were separated into five
classes based on the number of applicable criteria
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Table 1. Primers and PCR conditions for PCR-RFLP.

Size {bp)
Restriction Annealing PCR Mg® Amplified Restricted
Positions Primer sequences Primer  enzymes  temperature °C) cycles (mi)  fragment  fragment
IL-4 C-5907 5'-CACTAAACTTGGGAGAACATGGT-3 f Avall 58 43 35 256 233,23
+ §-TGCTTTGCATAGAAGGBA-Y R
IL-4Ro. 1652A/G GIn5924rg  5'-CCCCACCAGTGGCTACC-3' f Mspl 58 43 15 105 83,16
5'~-GCCTTGTAACCAGCCTCTCCT-3 R
FCER1B B8426/A Glu237Gly  5'-CAGGTTCCAGAGCATCGTG-3' f Xmn | 58 50 35 103 80,23
" 5~CTTATAALTCAATGGGAGGAAACA-3 R
IL-10 -627C/A 5'-GAAACATGTGCCTBAGAATCC-3 F fisal 58 43 35 198 126,72
5-TTAGGCAGTCACCTTAGGTCTC-3' R
STATE G/A 5—GAAGTTCAGGCTCTGAGAGAC-3 F Hgal 58 50 25 215 194,21
5~GCCTCTAGTGTAAATGTGTCTG~"3 R

F: Forward, R; Reverse, PCR; polymerase chain reaction, RFLP; restriction enzyme fragment length polymorphism.

as follows: 1: zero; 2: one of five; 3: two of five; 4:
three of five; and 5: four of five. Cleaning and
bathing were described as the number of times
rooms were cleaned or the patient bathed a day.
They were divided into three classes as follows: 1.
over twice daily; 2: once daily; and 3: none daily.
Discipline was expressed as exercises such as
swimming that can reduce the amount of sweat
on the skin, breathing relaxation techniques, or
drinking cold water for management of auto-
nomic nerve balance. This was separated into
three classes as follows: 1: daily; 2; every few
days; and 3: rarely. '

Classification of medication

Disease severity was evaluated in three frames.
The worst symptoms were designated a score
based on the drugs or diets used at the worst stage
of disease. Recent symptoms were designated a
score based on the drugs or diets in current use.
The worst or recent symptoms of AE were
evaluated by the prescribed drugs based on
Japanese AE guidelines. FA symptoms were
evaluated by the extent of allergen elimination
in diets based on Japanese FA guidelines. Symp-
toms were separated into five classes as follows: 1:
none; 2: mild; 3: moderate; 4: severe; and 5: most
severe. General amelioration of FA and AE was
represented by a score based on the change in
symptoms of allergic subjects from the previous
to the latest examination. This was evaluated by
clinical records and the questionnaire. While this
characteristic is based on subjective subjects, this
was felt to be appropriate for the study as only
one doctor performed the evaluations. Amelior-
ation was divided into five classes as follows: 1. no
treatment required; 2: very good improvement; 3:
good improvement; 4: slight improvement; 5:
poor control.

Genotyping of SNPs

DNA samples were extracted from whole per-
ipheral blood with the Wizard Genomic DNA
Purification Kit (Promega, WI, USA) and were
genotyped for SNPs by polymerase chain reac-
tion-restriction enzyme fragment length poly-
morphism (PCR-RFLP).

The region surrounding the polymorphisms
was amplified by PCR using the conditions listed
in Table 1. PCR was carried out in a volume of
50 L containing 100 ng of DNA and 0.5 pmol/
L of each primer. The PCR of FCERIB and
STAT6 were performed using the hot-start
method with 1 U of KOD-DNA polymerase
(TOYOBO, Osaka, Japan). The parameters for
thermocycling were as follows: denaturation at
95°C for 5 min, followed by 50 cycles of dena-
turation at 94°C for 15 s, annealing at 58°C for
30 s, and extension at 72°C for 30 s. This was
followed by a final extension at 72°C for 6 min.
The amplifications of IL-4, IL-4R, and IL-10
genes were performed with 1 U of EX Tag-DNA
polymerase (TAKARA, Osaka, Japan). The
conditions for amplification of these genes were
as follows:. denaturation at 95°C for 5 min,
followed by 43 cycles of denaturation at 94°C
for 30 s, annealing at 58°C for 30 s, and exten-
sion at 72°C for 30 s. This was followed by a final
extension at 72°C for 6 min.

Identification of the SNPs in PCR products
was performed by incubation with a restriction
enzyme chosen to cut one of the two alleles
(Table 1), followed by electrophoresis on 2%
agarose gels or 8% polyacrylamide gels (Fig. 1).

Statistical analysis

This study was necessary to determine of the
extent to which the severity of atopic diseases are
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IL-4R 1652

STAT6

M AA AG
M; Molecular marker

‘based on the host and environmental factors. For
comparisons of factors divided into two groups
based on a yes/no response, chi-square analysis
was used, First, all interactions were considered
under a value of p < 0.2. Second, we listed all
interactions to be biologically considered. The
gvaluations of the worst symptoms, recent
symptoms, and general amelioration of each
allergic disease were used as response variables,
and all laboratory data, SNPs, and interactions
in the study were used as explanatory variables.
The p value was estimated using simple regres-
sion analysis.

All testing was done using a JMP program (SAS
Institute, Cary, NC, USA) for Windows comput-
ers, developed from the SAS-based system.

Results -
Genotype frequencies

A total of 220 DNA samples from the Japanese
children were amplified by PCR in order to
genotype the polymorphisms of the four cytok-
ines, two receptors, and one transcription factor
genes. The bi-allelic polymorphisms were coded
into three classes and the genotype distribution
was assessed. The allele frequencies are shown in
Table 2. The IL-10*-627A allele was major and
the C allele was minor. Similarly, the IL-4*-590T
and IL-4Ro*1652A alleles were major.

Influence of genetic and environmental factors on disease
severity

Table 3 showed that the AA genotype, with low
production of IL-10, was inadequate to regulate
the IgE level (p = 0.0001). The subpopulation
with both an IL-4 CT and STAT6 AG genotype
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Fig. 1. Polymerase chain reac-
tion-restriction fragment length
polymorphism (PCR-RFLP)-
based genotyping of cytokine
gene polymorphisms. Seven
allergy-specific genes were
analyzed with the PCR-RFLP
method. Restricted or non-
restricted PCR products with
specific enzymes were loaded on
GG 2% agarose gel or 8% poly-

- acrylamide gel and stained with
ethidium bromide (see Table 1).

easily elevated IgE (p = 0.003). Similarly, the
subpopulation with both the IL-4R AA and
STAT6 AG genotype was strongly correlated
with the eosinophil percentage. This suggested
that these subpopulations easily increased the -
aforementioned laboratory data. Naturally, the
serum IgE level, the eosinophil percentage, and
the mite-specific IgE score were strongly correla-
ted with each other. As environmental factors,
discipline and bathing were good actions for
ameliorating IgE levels or mite-specific IgE
scores, respectively.

Influence of genetic and environmental factors on disease
severity of FA (Table 4)

FA refers to an adverse immunologic response
to proteins in food. In the food allergic
reaction, there are both IgE-mediated and non-
IgE-mediated gastrointestinal reactions. Infant
FA generally associates with atopic diseases (i.e.,

Table 2. Genotype frequencies

No. of

Genes Cases Genotypes
15 o ce

iL-4 186 99 53% 79 42% 8 4%
GG AG AA

IL-4Ret 177 3 2% 53 30% 12 68%
66 AG AA

FCER1B 185 10 5% 77 42% 98 53%
M AC cC

1L-10 185 73 39% 93 50% 19 0%
GG AG M

STATE 173 16 9% 72 4% 85 48%
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Table 3. Simple linear regression analysis of Laboratory Data

IgE Mite Eosinophile Positive Food
Factor P value Estimate Genotype  Pvalue  Estimate Genotype Pvalue  Estimate Genotype Pvalue FEstimate Genotype
IL-4R 0.0200* 05200 AB
IL-10 0.0001*** 09120 AA
STATG 0.0102* 06350 G allele
IL-4R*STATS 0.0179* 08030  AAAG
IL-4*STATS 0.0030* 09160  CT-AG
Igk 0.0001*** 07910 §.0001*** 05970
viite 0.0001***  0.6300
Eosinophile 0.0001*** 04780
Bathing 0.0685  -05490
Discipline 0.0448*  -0.4780
*p < 0.05, **p < 0.01, ***p < 0.001.
Table 4. Simple linear regression analysis of Food Allergy

Worst symptoms Recent symptoms General amelioration

Factars Genotypes or groups P value Estimate P value Estimate P value Estimate
Age ‘ Matured 0.0354* 0.0127
FCER1B AA 0.0135% 0.3750
Food-specific IgE Many 0.0709 0.2172 0.0001%** 0.4760 0.0873 0.1856
FCER1B* Liver Function AA* Bad 0.2438 0.1673 0.0137% 0.3750
Eosinophile* Discipline High* Well 0.0765 -0.7705
lgE* Discipline High* Well 0.2193 -0.2759

*p < 0.05, **p < 0.01, ***p < 0.001,

atopic eczema and asthma). In this study, 93% of
total FA subjects also had atopic eczema (Fig. 2).
Therefore, the finding that the number of food-
specific IgE antibodies in pediatric FA subjects
was correlated with the severity of disease is
consistent with this general opinion (Worst symp-
toms: p = 0.0709; recent symptoms: p = 0.0001;
general amelioration: p = 0.0873). FA symptoms
are usually ameliorated with maturation but are

~(b)

50%

Atopic eczema subjects
with food allergy

Food allergic subjects
with atopic eczema

Fig. 2. Ratio of complications between food allergy (FA)
and atopic eczema (AE). AE was a complication in 93% of
food allergic subjects. FA complicated 49% of AE subjects.
The frequency of food allergic subjects with AE was very
high.

difficult to ameliorate when teenagers experience
FA (general amelioration: p = 0.0354).

Interestingly, the FCER1B 6842AA genotype
was correlated with significantly more severe
FA than the other genotypes (recent symptoms:
p = 0.0135). Furthermore, the combination of
FCER1IB 6842AA and abnormalities of
liver function were more related to disease
severity than any single factor (recent symptoms:
p = 0.0137). However, previous reports indica-
ted that the G genotype transmitted much
stronger cellular signaling than the A genotype
and was associated with childhood atopic asth-
ma. It is speculated that the weak signal was
appropriate for FA and chronic marginal inflam-
mation of the liver gradually disturbed oral
tolerance. '

In specific subpopulations with high levels of
eosinophils or IgE, discipline had a positive
effect on general amelioration (p = 0.0765 and
p = 0.2193, respectively).

Influence of genetic and environmental factors on disease
severity of AE (Table 5)

AE is a chronic inflammatory skin disease that is
considered familial with allergic features. It often
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Table 5. Simple finear regression analysis of Atopic Eczema

Worst symptoms

Recent symptoms EGeneral amelioration

Factors Genotypes or groups P value Estimate P value Estimate P valve Estimate
IL-10 AA 0.0153* 0.3485 0.0148% 0.5549 0.0439* 0.3765
Food-specific g€ Many 0.0607 0.291 0.1508 0.2924
Igk High 0.0004*** 05018 0.0007%** 1.1458 0.0004*** 0.6501

STAT6* Eosinophile A aliele* High 0.0815 0.3020 0.0011* 0.8344 0.0001*** 0.8876
{L-10% Liver Finction AA* Bad 0.2378 0.1308 0.0092** 0.8328 0.0048** 0.7563
Mite* Cleaning High* Bad 01296 0.5619 0.0905 0.5103

*p <0.05, **p < 0.01, ***p < 0.001.

occurs in patients with other atopic disorders,
such as asthma and allergic rhinitis. Figure 2
showed that almost 50% of patients with AE also
had allergic rhinitis. Consistent with general
opinions, a high level of serum IgE was signifi-
cantly related to the severity of AE (worst symp-
toms: p = 0.0004; recent symptoms: p = 0.0001;
general amelioration: p = 0.0004). A combina-
tion of the IL-10 AA genotype and abnormalities
of liver function was much more correlated with
disease severity than the IL-10 AA genotype
alone. Thus, low producers of IL-10 could not
regulate IgE production but did have exacerba-
tions of AE symptoms. In this specific popula-
tion, marginal inflammation in the liver affected
atopic skin disease. The children with hyperre-
activity to food allergens also had severe AE. In
the specific subpopulation with a high level of
mite-specific IgE, AE symptoms were influenced

" by indoor surroundings. Interestingly, the

STAT6 A genotype seemed to be linked with
eosinophilia in local inflammatory sites, especi-
ally in the specific subpopulation with high levels
of eosinophils in the blood.

Discussion

Atopy is a heterogeneous disease determined by
genetic and ‘-environmental interactions. The
genetic contribution to atopic allergy was calcu-
lated to vary between 36 and 79% in twin studies
(27-29). We investigated the correlation of dis-
ease severity of FA or AE with SNPs in seven
genes previously identified to be putative atopy
genes by linkage and association studies. In
addition to single SNP analysis, the combination
of the SNP analysis, laboratory data, and envi-
ronmental factors were analyzed in this study.
In our study, a couple of SNPs were observed
to be correlated with increased severity of FA
and AE in Japanese children. IL-10, which is
produced by Th, and T regulatory 1 (Try) cells,
was initially identified in mice as the inhibitory
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factor of antigen-specific Th; cell proliferation
and production of IFN-y (30). IL-10 is a very
important molecule as it inhibits many functions
of immunocytes as a negative feedback regulator.
Rosenwasser et al. (20) reported that the A/A
genotype of the IL-10 -627C/A promoter poly-
morphism diminished promoter strength more
than the C/C genotype. They speculated that
persistent inflammation leads to prolonged and
severe asthma episodes owing to lower IL-10
levels. Consistent with this report, our data
indicated that lower production of IL-10, as in
the AA genotype, was significantly correlated
with severity of AE. It was observed that these
genotypic subjects tended to produce high levels
of IgE, which is typically associated with severity
of AE.

Moreover, likura et al. (31) reported that the
serum transaminase level was often slightly
increased in infants who suffered from food-
induced AE. The liver plays an important role in
induction of oral tolerance. Liver B220™ DC
have the ability to induce apoptosis of activated
T cells and generate immune regulatory activity
by promoting Tr; cell differentiation (32). In
addition, marginal liver damage caused impair-
ment of DC activity following Tr; cell differen-
tiation. The Tr, cell exhibits regulatory function
following IL-10 production. Thus, it was specu-
lated that the IL-10 AA genotype with marginal
liver inflammation easily exacerbated FA and AE
symptoms as a result of disruption of oral
tolerance. Surprisingly, the IL-10 A/A genotype
was more correlated with disease severity in
subjects with both FA and AE than the other
genotypes (Fig. 3). However, as serum total IgE
level was not correlated with severity of FA, the
regulatory mechanisms of FA and AE might
differ. Therefore, in the specific subgroup with
both illnesses, the IL-10 SNP was related to
severity of illness. These data indicated that
IL-10-sensitive and insensitive groups may exist
among the FA subjects.
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(a) (by  Classification of recent symptoms
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Fig. 3. The correlation between = \V/
total serum IgE levels and the e 1 0 , ] ,
promoter polymorphism of the : '
IL-10 gene. Total serum IgE IL-10 AC+CC AA ! 2 3 4
levels were higher in allergic (Callele) N 18 14 9 15
subjects with the IL-10 promoter N 83 55

-627 AA genotype than the other
genotype. The IL-10 AA geno-

type was 3.35 + 0.18

(mean #+ s.e.). The other geno-

type was 2.43 + 0.15.

The number of food-specific IgE was signifi-
cantly related to the severity of FA and AE.
Thus, several food antigens may be responsible
for the slight impairment of the system of oral
tolerance. The FCER1B 6842A/G (E237G) poly-
morphism is adjacent to an immunoreceptor
tyrosine-based activator motif (ITAM) site,
which interacts with y chains and influences the
efficiency of IgE cell signaling involving /yn and
syc (33). The 6842 A/G SNP was tightly linked
with the -426 T/C and -654 C/T SNPs, which
were responsible for the association with atopy
(34). These promoter SNPs enhanced the tran-
scriptional activity and increased the expression
of FCERI1B in blood basophils. However, in the
present data, the genotype with lower transcrip-
tional activity and abnormal liver function had
more severe FA. This may be because of the
effect of other promoter SNPs of FCERIB on
FA. Second, while marginal liver damage existed
in patients, lower expression levels of FCER1B in
basophils and mast cells might play an important
role in FA.

Shirakawa et al. (8) reported that the G allele
was present in 10% of Japanese atopic asthma
children. They also noted that genetic effects of
FCER1B were much more prominent in child-
hood asthma. The proportion of the 6842A/G
polymorphism in the study was quite different
from our data, in which the G allele was present
in 23.5% of the Japanese pediatric population.
The difference may be explained by the possibil-
ity that genetics facilitated exacerbations in our
population, e.g., comprised of various allergic
diseases such as FA, AE, and asthma.

Furthermore, environmental factors may sig-
nificantly affect the severity of FA and AE i
specific subpopulations. Well-performed bathing
and discipline improved high levels of serum
total IgE and mite-specific IgE. Naturally, this

£
LA

o

p<0.001, Estimate; 0.9120

Complication with FA and AE
p=0.2417, Estimate; 0.0648

1; both good, 2; only FA bad,
- 3; only AE bad, 4; both bad

suggested that the effect of SNPs was masked by
these factors in these specific subpopulations, i.e.,
the high level of serum IgE group. However,
strict adherence to disciplines improved only the
general amelioration of FA in groups with high
levels of eosinophils or total serum IgE. These
results indicated that more subjective evaluations
might be represented in the diagnosis. For this
reason, we also adopted medication and labor-
atory data for objective evaluation.

As the number of subjects was small and most
subjects had complications, we did not have large
statistical power. Therefore, the interactions of
only two factors could be analyzed with a
sufficient p value and estimate. In addition, we
could not study non-allergic control children for
ethical reasons. As we did not research all SNPs
per one gene, we could not suggest whether other
single SNP not analyzed in this study was
associated with severity of FA and AE in
Japanese children. However, the present study
provides useful preliminary data.

Our data presented the laboratory data of liver
function and SNPs, especially IL-10 and
FCERI1B, which might serve in the evaluation
of disease severity. Moreover, our results indica-
ted that these genetic polymorphisms may be
correlated with risk factors not only for the onset
but also for the severity of allergy. The combi-
nation of environmental factors and SNP analy-
sis easily detected specific subpopulations. We
believe that this kind of analysis is useful for
research on the correlation of disease severity
and SNPs.
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