£ IZoWT
EE&%ELEEE%T#B%AT7Uv7$ﬁmbiT #HEZT]

&e RERI ML TERBR RO
&Q AL CHESRBICERTRE  BR%
A\ EMUTHA~BERMeCEREE O

*f?g@ﬁm&¢¢b ERBEI B SN Eh SHE
gk, EBT X MESEIC bT#‘JIfﬁ L7
Q SRR T TERERE R
,,,,,,,,,,,,,,,,,,,, 1@@ BELL Tﬁﬁ#ﬁﬁf&turﬂk - %
| AR CBA~SERRC RS . A#

ZOFHMIDOVWT BfF. BHE. EFARFIRER. BFRAEED L
MABICERPFRINEDD ., BERREIL (32, CRP. FhBEEER.
IFERIRR L. BTl hE%. BEEOLRVWEETEEE LTV




TUIWF—REEREEBREDEHICOVWTHSHIWAELET
EEEOHEIE. BAL TWAEZWTWBREFDODEEPHRTHEIRL T AW

TULF—RBIZDONT |

’ﬁ%‘*iuaﬁu(BA) L BE
7 hE 1¢&EA(AD {OBE
BT LILE—(FA). BIRSEL BE

FA FEENRSEY Z B YE Jlk )

Ay UREH RESEBINLAFLEEE LIV

 REMEBEEICOVT

70— 9%
EEEABK

ChEmE o oBE
CrhEE  BHE

Ry 7 XLH REIERIN-AMBEESLLE0




CDERMEBEOBEIADEE G, ENRIREREENRLICEZERVET, EALRE
REELLTEELEZOY., 20EME (RISHE) ICDOVWTHEEZEn
FRRBTRATOA REERRERBOLPRLELZEFELET, 28%X704 R, B
27O RIZATTHEELEEY

¥ /- IFERERME BB AT, 7 PP THEIK. RIREE. MBBHENENETHRETINERRLET,

PPU{EF & ) AV
BIsa \
PPI DM
FERAR
SHEHITE & % DFE

ERP»S5OHE HEO® ER—#EFRO AEO
WRE~ 7OmMR E® ER-HERO FEO REFTO
RREI VOMR HE@® EXR—HERO TEO KO

BESEE 5V KL |

FtA H

ks RBiF AR

AR ERBICOWT  BEDFEE. EIROBEEIELSNLIICDONT
EZ(ETW




2EMZXTFO14 KHY KL

FtA B

b

REHAE

KistE RB#F AR
 HMEBIE— RIionT

BIfEROWE  HY zlL Ky UREH

BREAFOC RSN EL

WAXFOA KBEF. T hd— b (FFV FBSERD . 2BRF0O4 i &
BAs A
B
BERE
RISt BIF RE
WEAE— KICDWT




ZDhDEFESH v

%L

E ARt H
AEAR
EHRE




BHREEF —F—2Sh3FEE TRSBATIU Y7L TLEEW
Ky TT7y THHETOT. S HRAE > THRAEEZREL SN




IDONR—=JIFTFTEEZTY
BEHBICEIZDONRY HRAELEHAE— - PTH LW
BEEUAZOBOEEETOD I LAY ZhEHALEF—TEXZLSICLAEWV
AT LAIRN ARSERFIRCER L WL
CHOR—JIFTFTEZXTT
@ GWASH DNARRIL (A—4—L7H&ETY YY)
HINEEE & H H
BEOHEE pdf  FEE pdf
F—Hd—2h3 &, AREEICA-ILPELND
BEBRERIZAEy Y. AEE. REBEOHFEANEEETH L TV EL

o FENLLTLAL (A== LEBEIY YY)

BREOHE pdf  RIEE pdf

HFWMH1EEB OREHD LT ORENSK BE F A H
HRIHE 2BE OXREHBEE ORENER BE 2 F A H
HWH3IEE OREHBEE ORENBN BE F A H

TESREG V) 1

o HEBREY A IOT LA (A—F—LEEETY v )
BEOEE pdf  FEE pdf
BWM1EE OREHZEE OREREBOLLLEHLEALV BE £ A
A
BWA2EHE OREHBES OXREXER BE = B A
KWMAIEE OREHBEE OXENEE ®E = B B
COROHEREFRLBABVET

R 3




§ & U>mﬁﬂﬁ%ﬁ§#—ﬁ—btﬁé7U77> ZDOBEOHEEE > TFRN D
ETY
BEOBRE pdf FEZE pdf

BRE1EE OXES3Ex OfESER BE £ H A
HINH 2EEB OREHD EE ORENER BE £ B H
FINA3EE OREHBEX ORENENR BE £ H 0
b (A—E— LAYy Y) BES| |
BREOBE pdf FIEE pdf
FIE1EE OREHBEX ORENREN BE & H A
WA 2EE OXEs2 s ORENEN BE & A A
FMAEE OXEHsBEE ORENER BWE & A B
C (F—g—LEBETY YY) BER] |
REDBE pdf BEE pdf
FIE1EE OREHBEx OREREN BE & B A
BINE2EE OXEHZEx OREHREM BE & B A
FNEEE OREHDEE ORENREN mE & B A



SATREAI F. BRES L REOEXREN HBEFRLEH, EFMY 2V

FE #HEFE. X70-IhER

e o S
o EENE (BRFSELEDD)

o hRE
o BLs G, AN, mE. AN, HERBLSIOBTES LTL3A)

Ky 7 ZE0E

BB
IR HDHE. BEE 7V 7L TL/EEW
BASIEXEAZL AD7 PE—MEBX MEMT7LILF—
CD; 7 A— 48" UGEBMEKRBA GID; FERIRIEH{LERRE

R 153
| BAADFACDUCEGID | | | BAADFACD UCEGID |
RiEE A=A 5L k@ L)) L L E236)
' BAADFA CD UCEGID

| BAAD FA CD UCEGID | BAAD FACD UCEGID | BAAD FA CD UCEGID | | BAADFACD UCEGID |

o

FO F FO

| BAADFA CD UCEGID | | BAADFACD UCEGID | | BAADFA CD UCEGID |

Ry 7 ZE0E




RS HHE
T &L &Y

EIRFOBOSEZ,. HLBREN
THE ZekEk DAHHICERL TV HICERETEINL TV
- TV

MEHE e
AT

B WIUB W3l z0Es
AR ORER

AR EBEE

BL HY FREE MEBRE ZOM

BAIESEB» 5. BB S 2HY) v
AEEE ALREOT b —EEE
THRIELPTY (EMER ELERRTOARE

mE W A

A
Z
=5




M. AFEKRROFATIZET S —EXR



MR DOTUTICE T 2 -k

FRAE K4

WXL HA ML

%5

AR

BT AIER

\\\\\\

— 4 ODFHLENTID
BHEBRIEIZ DN T

E2N
6z

Exn
[

= e T = 1
A/ NRET v

SV — R

201451 4
%‘

2014

AT GHANER

I —X7 w7 BARERERD
FEEE 2013,
FHgRERE AR - WLWRH
{LE T L — DA MR

R - T LF—

/NERNE

083-986

2013

BT GHANED, FIHE R,
HRRE, BBEET,
E W&, KR, F
R, AT

VNRIZIUT D IR BRI LR
REOHES /MR EBAICE
T HRRICERZEWT

BB

43(13) 1897-1903

2013

Morita H, Nomura I
Orihara K, Yoshida K|
Akasawa A, Tachimoto
H, Ohtsuka Y, Namai Y,
Futamura M, Shoda T,
Matsuda A, Kamemural
N, Kido H, Takahashi T,
Ohya Y, Saito H,
Matsumoto K.

Antigen-specific T-cell respons
es in patients with non-IgE-me
diated gastrointestinal food alle
rgy are predominantly skewed
to T(H)2.

J Allergy Cli
n Immunol.

131 590-2.e1-6

2013

Morita H, Nomura I,
Matsuda A, Saito H,
Matsumoto K.

Gastrointestinal food allergy in
infants.

Allergol Int.

297-307

2013

AN, RTH—

GFERERTEROE - BIER

THILs DERR

5-14

2013

KRTFHF—, RIGEHM,
AR, BIREE

ﬁi@é%ﬁ%'fﬁ%{ LEREDODE L

=P

2o A S

EESEIE T

110 953-964

2013

RTFHF—

GFERERIE R Bk, Ini 7 —hR
HLERE

FRE L BRIR

BB,
B EPREAHR,
TR

672-674

2013

ARTFH—, RIBEH,

AR EE

AT B, AR IE s B

G ERERTETHIL B R B O BB A

3

BEfE

48 1853-1858

2013

Kinoshita Y, Furuta K,
Ishimaura N, Ishihara S,
Sato S, Maruyama R,
Ohara S, Matsumoto T,
Sakamoto C, Matsui T,
Ishikawa S, Chiba T.

roenteritis.

Clinical characteristics of Japan
ese patients with eosinophilic e
sophagitis and eosinophilic gast

J Gastroenter
ol.

333-339

2013

Furuta K, Adachi
Aimi M, Ishimura
Sato S, Ishihara
Kinoshita Y.

K,
N,
S,

Case-control study of gastroint
estinal disorders with Helicoba
cter pylori infection in Japan.

J.Clin Bioche
m Nutrition

53 60-62

2013

Ishimura N, Furuta K,
Sato S, Ishihara S,
Kinoshita Y.

Limited role of allergy testing

strointestial disorders.

in patients with eosinophilic ga

J. Gastroenter
ol Hepatol.

1306-1313

2013




Mishiro T, Kusunoki R,
Otani A, Ansary Md,
Tongu M, Harashima N,
Yamada T, Sato S,
Amano Y, Itoh K,
Ishihara S, Kinoshita Y,

Butyric acid attenuates intestin
al inflammation in murin. DSS
-induced colitis model via milk
fat globule-EGF factor 8.

Lab Invest.

834-843

2013

B

GFRRERVET LB IR DB 27

BEE

48 (13)

1849-1852

2013

I £t

GFBRERVE B R DR Wik ill—
RE M KIS R IT B R

=R

48 (13)

1883-1896

2013

Yamada Y, Kato M, Is
oda Y, Jinbo Y, Hayas
hi Y.

Eosinophilic gastroenteritis
treated with a multiple-food
elimination diet.

Allergol Int

in press

2014

Kato M, Yamada Y,
Maruyama K, Hayashi
Y.

Age at onset of asthma and al
lergen sensitization early in lif
e.

Allergol Int

in press

2014

Yamada Y, Nishi A,
Kato M, Toki F, Yam
amoto H, Suzuki N, H
irato J,. and Hayashi

Y

Esophagitis with eosinophil infi
Itration associated with congeni
tal esophageal atresia and sten
0sis.

Int Arch Alle
rgy Immunol

161 Suppl 1

159-163

2013

Ishioka T, Yamada Y,
Kimura H, Yoshizu
mi M, Tsukagoshi H,
Kozawa K, Maruya
ma K, Hayashi Y,
Kato M.

Elevated MIP-1 and IL-17 pro
duction in experimental asthma
model infected with respirato
ry syncytial virus.

Int Arch Alle
rgy Immunol

161 Suppl 1

129-137

2013

HEZ

EET ULE—LIZE AT LIV
X720 TL L HM? /BB,
LR LIVE—RBEAR 01 -

=)V

FWTE TR

10-13

2013

HIFEEEZ

BRITTER STV S IELERR
B RE FRRERIEREL .

AN

HI6ER =

297-301

2013

WEEZ, FlET

IR BT B i BRERMETE LR
R B D2k

Bel

HASEE 13
%

1904-1910

2013

Jimbo K, Arai K,
Kobayashi I, Matsuoka
K, Shimizu H, Yanagi
T, Kubota M, Ohtsuk
a Y, Shimizu T, Naka
zawa A.

A Case of Isolated Autoimmun
e Enteropathy Associated with

Autoantibodies to a Novel 28

kilodalton Duodenal Antigen

J Pediatr Gas
troenterol Nut
T

161 Suppl 1
Epub ahea
d of print

2013

BTHFER, ih LU,
TRRRE, BimE,
R, BT
BR, IR H 5

TV RZ 2RO T/NEEE
ErRBBE LB BV R
GEOE

J

7oy

TR

b
51

B A
B

i

Accepted

2014

EzE, BIHBR

UNRE O LER B —ERD
B T OIRHRE TUEBD) O A
TeipbgsiRA  phim - T

NEFZ

76(2)

205-209

2013




e

EEKAL | WX EESRORELTS | F F 4 MRS | HRM [HERE | -
A NIVE
K ER RS ITBUE NESLARE SL R E ERE W CIBE R 2013 (42-44
BEEREWEEE ¥R e v Z —fk
FAbEREE . IFEEE - U B/ JE R IR
BILFECRETSR ME~==7
V%
BB R TNTATBOE NE S KE S E E R R S IREER 2013 [45-47
g es ’%E%H%?‘/&~Eﬁ%ﬂzt/§’—i‘i
FEE AbEmEE . MR - BT/ R ER R
RUEZREFSR BE~==27
JL
FTHEBER b - i PRSZATBOEANE S KE SLRCE E R & TR 2013 48-51
: BEEMEE L Z—FEt v ¥ —tt
TR, G - PR BT/ R ER IR
BlEvREESR MRE~==27
%%
Eog= T SEATEIE N E ST RRE LR B E R W & R B 2013 |55-58
I FibefmRaE . ARIE - R B/ R R
gz mErSH RE~v==27
L




V. BFZERREROTIITY - Bk



590 LETTERS TO THE EDITOR

2. Liu CH, Wu KH, Lin TY, Wei CC, Lin CY, Chen XX, et al. Wiskott-Aldrich syn-
drome with IgA nephropathy: a case report and literature review. Int Urol Nephrol
2012 [Epub ahead of print].

3. Matsukura H, Kanegane H, Miya K, Ohtsubo K, Higuchi A, Tanizawa T, et al. IgA
nephropathy associated with X-linked thrombocytopenia. Am J Kidney Dis 2004;
43:e7-12.

4. Tomana M, Novak J, Julian BA, Matousovic K, Konecny K, Mestecky J. Circulating
immune complexes in IgAN consist of IgAl with galactose-deficient hinge region
and antiglycan antibodies. J Clin Invest 1999;104:73-81.

5. Shimizu M, Nikolov NP, Ueno K, Ohta K, Siegel RM, Yachie A, et al. Development
of IgA nephropathy-like glomerulonephritis associated with Wiskott-Aldrich syn-
drome protein deficiency. Clin Immunol 2012;142:160-6.

6. Lasseur C, Allen AC, Deminiére C, Aparicio M, Feehally J, Combe C. Henoch-
Schoenlein purpura with immunoglobulin A nephropathy and abnormal IgA in
Wiskott-Aldrich syndrome carrier. Am J Kidney Dis 1997;29:285-7.

7. Moldoveanu Z, Wyatt RJ, Lee JY, Tomana M, Julian BA, Mestecky J, et al. Patients
with IgA nephropathy have increased serum galactose-deficient IgA1 levels. Kidney
Int 2007;71:1148-54.

8. Higgins EA, Siminovitch KA, Zhuang DL, Brockhausen I, Dennis JW. Aberrant
O-linked oligosaccharide biosynthesis in lymphocytes and platelets from patients
with the Wiskott-Aldrich syndrome. J Biol Chem 1991;266:6280-90.

9. Nguyen DD, Maillard MH, Cotta-de-Almeida V, Mizoguchiv E, Klein C, Fuss I,
et al. Lymphocyte-dependent and Th2 cytokine-associated colitis in mice deficient
in Wiskott-Aldrich syndrome protein. Gastroenterology 2007;133:1188-97.

Available online October 31, 2012.
http://dx.doi.org/10.1016/.jaci.2012.08.040

Antigen-specific T-cell responses in patients
with non-lgE-mediated gastrointestinal food
allergy are predominantly skewed to T2

To the Editor:

IgE-mediated allergy is triggered by cross-linking of antigen-
specific IgE antibodies on the cell surfaces of mast cells and
basophils, followed by local accumulation and activation of
inflammatory cells, including eosinophils and Ty?2 cells. T2 cells
produce such cytokines as IL-4, IL-5, and IL-13, which promote
IgE production and eosinophilopoiesis and play central roles in
the development of chronic allergic inflammation. On the other
hand, non-IgE-mediated allergies, such as hypersensitivity pneu-
monitis, are considered mediated by cellular immunity, which has
not been thought to involve antigen-specific Ty2 cells because
IgE antibody would be detected if Ty2 cells were activated. Non—
IgE-mediated gastrointestinal food allergies include food protein—
induced enterocolitis syndrome (FPIES), food protein—induced
proctocolitis, and food protein—induced enteropathy. The precise
underlying mechanisms are almost unknown, except for a funda-
mental role of TNF-o,' presumably because this disease entity is
relatively rare in incidence and is encountered during infancy in hu-
man subjects but not seen in experimental animals. Here, for the first
time, we were able to detect antigen-specific Ti2 cell responses in
infants with non-IgE-mediated gastrointestinal food allergies by
analyzing 89 blood samples collected from all over Japan.

The antigen-specific lymphocyte stimulation test is a classic
method for investigating antigen-specific T-cell proliferation and
theoretically should be applicable to the study of gastrointestinal
food allergies. However, a couple of previous studies demon-
strated that the antigen-specific lymphocyte stimulation test was
useful, whereas another study found no such usefulness.” We hy-
pothesized that this controversy was due to contamination of the
antigen preparations with LPS and tested this hypothesis. The lim-
ulus amebocyte lysate assay detected high concentrations of LPS
in commercially available milk protein preparations, as previously
reported (see Table E1 in this article’s Online Repository at www.
jacionline.org).” In addition, significant lymphoproliferative

J ALLERGY CLIN IMMUNOL
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TABLE I. Demographic characteristics of the patients

Gastrointestinal

IgE-mediated CMA food allergies

No. No.

Age (mo) 12 38.0 (26.5-60.0) 65 2.0 (1.0-4.0)
Male/female sex 12 7/5 65 40/25
Day of onset 12 e 65 32.5 (7.0-115.5)
Symptoms at onset
Vomiting 12 0% (0/12) 65 53.8% (35/65)
Bloody stool 12 0% (0/12) 65 47.7% (31/65)
Diarrhea 12 0% (0/12) 65 47.7% (31/65)
Failure to thrive 12 0% (0/12) 65 38.4% (22/65)
Lethargy 12 0% (0/12) 65 38.4% (22/65)
Fever 12 0% (0/12) 65 18.5% (12/65)
Eczema 12 100% (12/12) 65 7.7% (5/65)
Wheeze 12 33.3% (3/12) 65 0% (0/65)
Laboratory data : :
Milk-specific [gE 12 56.95 (11.74-90.8) 65 <0.34 (<0.34)
(IU/mL)
‘Peripheral blood Not examined 53 7.7 (3.6-13.5)

eosinophils (%)

Data are expressed as medians (interquartile ranges). The inclusion criteria were as
follows: (1) gastrointestinal symptoms were present more than 2 hours after ingestion
of milk and (2) 3 of Powell’s criteria were fulfilled,* including (a) switch to
therapeutic milk leading to resolution of symptoms, (b) differential diagnosis from
other disorders, and (c¢) verified body weight gain. A definitive diagnosis based on the
results of oral food challenge tests that were performed after complete resolution of
the initial symptoms was achieved in 19 patients. Patients with gastrointestinal
symptoms within 2 hours after ingestion of milk were excluded. On the basis of such
symptoms as vomiting, diarrhea, and failure to thrive, the patient group (n = 65)
consists of 34 patients with FPIES, 4 patients with food protein—induced enteropathy
syndrome (enteropathy), and 27 patients with food protein-induced proctocolitis
syndrome (proctocolitis). A definitive diagnosis based on the results of oral food
challenge tests was achieved in 13 and 6 patients with FPIES and proctocolitis,
respectively. None of the patients underwent endoscopic biopsy.

responses were found in the presence of as little as 10 pg/mL
LPS (see Fig El, A, in this article’s Online Repository at www.
jacionline.org), and PBMCs from younger children showed
more pronounced lymphoproliferation in response to LPS (see
Fig E1, B). Therefore we attempted to remove contaminating
LPS from milk protein preparations by passing them through a
prepacked endotoxin affinity column. However, a high LPS con-
centration was detected even after that treatment (see Table E1),
and therefore we obtained a special -lactoglobulin preparation
with very low contaminating LPS levels (kindly provided by
Bean Stalk Snow, Tokyo, Japan). Further studies were performed
by using these milk protein preparations, which contained LPS ata
final concentration of less than 5 pg/mL.

Next, to elucidate what types of antigen-specific immune
responses are induced in patients with gastrointestinal food
allergies, we cultured PBMCs from patients and control subjects
in the presence and absence of LPS-depleted milk component
proteins. The study enrolled 65 patients with gastrointestinal food
allergies, 12 patients with IgE-mediated cow’s milk allergy
(CMA) who showed only nongastrointestinal symptoms on
ingestion of milk, and 12 control subjects who showed absolutely
no symptoms on ingestion of milk. Table I* summarizes the clin-
ical symptoms, clinical diagnosis, and demographic data for the 2
patient groups. None of the patients with gastrointestinal food
allergies had detectable levels of IgE against milk proteins in
sera. We were unable to recruit infants with IgE-mediated CMA
who were age matched with the infants with non-IgE-mediated
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TABLE Il. Antigen-specific lymphoproliferation and cytokine production profiles in patients with gastrointestinal food allergies, patients

with |gE-mediated allergy, and control subjects

Gastrointestinal food

Control subjects IgE-mediated CMA allergies
No. No. No. P valuet P valuei
Proliferation (SI)* 20 1.290 (0.830-1.738) 9 3.077 (2.484-3.492) 65 2.894 (2.004-7.147) <.01 <.001
Cytokine (pg/mL)
TNF-a 12 74.69 (58.44-144.8) 10 77.78 (58.04-141.4) 65 241.0 (89.21-729.6) NS <.05
IL-6 12 79.24 (36.36-193.8) 10 337.9 (57.43-1021) 65 1151 (157.0-4802) NS <.01
IL-1B 11 26.02 (6.880-46.47) 10 27.49 (6.548-65.04) 64 48.75 (11.7-136.1) NS NS
IL-2 12 4.15 (0.0-10.04) 10 12.31 (7.23-17.58) 58 16.32 (7.760-39.49) NS <.01
IL-3 12 0.0 (0.0-0.38) 10 0.40 (0.0-3.61) 62 4.22 (0.0-29.49) NS <.05
IL-4§ 12 5.365 (2.895-6.358) 10 3.795 (2.033-7.788) 65 5.670 (2.775-12.06) NS NS
IL-5 12 2.080 (0.0-19.56) 10 46.59 (4.663-173.5) 65 63.66 (7.360-310.4) NS <.01
IL-10 12 9.285 (3.075-15.71) 10 56.17 (18.74-76.91) 65 57.92 (12.61-198.8) NS <.05
IL-13 12 21.61 (0.270-65.04) 10 82.56 (16.28-555.3) 65 291.7 (22.10-1417) NS <.01
IEN-Y 11 3.910 (0.0-67.06) 10 31.91 (3.635-102.0) 65 71.86 (5.49-303.4) NS NS
IL-17 12 0.0 (0.0-2.350) 10 7.635 (1.710-39.63) 65 7.150 (0.0-17.83) NS NS

PBMCs from each patient were stimulated separately with each of 5 different milk protein preparations, and the data show the highest concentration of each cytokine detected in

response to the 5 different stimuli. Data are expressed as medians (interquartile ranges).

*The stimulation index (SI) was calculated as milk protein—specific tritiated thymidine uptake (cpm)/vehicle-induced tritiated thymidine uptake (cpm).

TNonparametric test to compare control subjects and patients with IgE-mediated CMA.

INonparametric test to compare control subjects and patients with gastrointestinal food allergies.

§According to the standard curve, the minimal detection limit was 5.88 pg/mL.

gastrointestinal food allergies. This study was approved by
regional ethics committees, and written informed consent was ob-
tained from the guardians of all patients and control subjects.

The details of the lymphoproliferation test and cytokine
production assay are described in the Methods section in this ar-
ticle’s Online Repository at www.jacionline.org. In brief, PBMCs
from heparinized peripheral blood were suspended at a cell
density of 1 X 10%mL in AIM-V medium (Gibco, Grand Island,
NY) without serum. Lymphoproliferation was measured by
using tritiated thymidine uptake during a 16-hour period after a
5-day stimulation with 100 pg/mL of each LPS-depleted
milk protein preparation (wa-lactalbumin, B-lactoglobulin, and
-, B- and k-caseins). PBMCs were suspended at 1 X 10%/mL
in RPMI 1640 medium supplemented with 5% autologous plasma
to investigate the antigen-specific cytokine production profiles.
Culture supernatants were harvested at day 6 after stimulation
with 100 pg/mL of each LPS-depleted milk protein preparation,
and the cytokine production profiles were investigated by using
the Luminex multiplex cytokine analysis kits (Millipore, Bed-
ford, Mass) and ELISA (R&D Systems, Minneapolis, Minn).

In the first series of experiments, we investigated milk protein—
specific lymphoproliferation in the control subjects, patients with
IgE-mediated CMA, and patients with gastrointestinal food
allergies. The lymphoproliferation level was similar in the
patients with IgE-mediated CMA and those with gastrointestinal
food allergies. Unlike in previous studies, however, the control
subjects showed almost no proliferation (Table II). We presume
that this was due to the extensive depletion of LPS contaminating
the antigen preparations and the use of serum-free medium.

In the next experiments we investigated the cytokine production
profiles in these subjects. TNF-a concentrations in the culture
supernatants of milk protein—stimulated PBMCs from patients
with gastrointestinal food allergies were significantly greater than
those seen in patients with IgE-mediated CMA or control subjects.
However, TNF-a levels in supernatants from patients with
IgE-mediated CMA and control subjects were similar (Table II).

Significantly higher concentrations of another proinflammatory
cytokine, IL-6, were also seen only in the patients with gastroin-
testinal food allergies.

The concentrations of 3 Ty?2 cytokines, IL-3, IL-5, and IL-13,
in the supernatants of milk protein-stimulated PBMCs from pa-
tients with IgE-mediated CMA tended to be higher than those
in the control subjects, but the differences did not reach statistical
significance. In contrast, statistically significant and much higher
concentrations of these Ty2 cytokines were found for the patients
with gastrointestinal food allergies. Another T2 cytokine, IL-4,
was undetectable in almost all subjects, and there were no differ-
ences among the 3 groups.

Concentrations of the Tyl cytokine IFN-y and the Tyl7
cytokine IL-17 did not show statistically significant differences
between any 2 groups.

The milk component that caused the most prominent
tritiated thymidine uptake or the most prominent IL-2 or TNF-a
production varied among the patients (see Fig E3 in this article’s
Online Repository at www.jacionline.org), suggesting that the
lymphoproliferation and cytokine production observed in these as-
says were indeed antigen specific. In addition, the IL-5 concentra-
tion in the culture supernatant of cow’s milk protein—stimulated
PBMCs from patients with gastrointestinal food allergies corre-
lated significantly with the peripheral blood eosinophil ratio at dis-
ease onset (see Fig E4 in this article’s Online Repository at www.
jacionline.org), suggesting that our in vitro assay reflects the in vivo
conditions in these patients.

Collectively, Ty2 cytokines, including IL-3, IL-5, and IL-13,
but not the Tyl cytokine IFN-y or the Tyl7 cytokine IL-17
were significantly produced in vitro by milk protein—stimulated
PBMCs from patients with gastrointestinal food allergies. The
findings that tritiated thymidine uptake correlated significantly
with IL-13 production (data not shown) along with the absence
of milk-specific IgE antibody strongly suggest that the IL-13 de-
tected in our assay was not produced by basophils in the PBMC
fraction. IL-13 is a well-established mediator of intestinal
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epithelial cell damage in patients with injuries and inflammatory
diseases through activation of the tumor necrosis factor-like weak
inducer of apoptosis-fibroblast growth factor-inducible molecule
14 (TWEAK-Fnl14) axis.” Thus in addition to the previously
known TNF-q, IL-13 might play a crucial role in the pathogene-
sis of gastrointestinal food allergies.

In conclusion, antigen-specific T-cell responses in patients
with non-IgE-mediated gastrointestinal food allergy are pre-
dominantly skewed to Ty2. It remains unclear why antigen-
specific IgE antibodies were not detected in these patients.
Possible explanations are that neonatal B cells scarcely express
1L-4/1L-13 receptors6 or that production of IgE antibodies had
just started but was still undetectable. This question warrants
further study.
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Forkhead box protein 3 (FOXP3) hypermethy-
lation is associated with diesel exhaust
exposure and risk for childhood asthma

To the Editor:

Traffic-related air pollutants, such as diesel exhaust particles
(DEP), significantly contribute to the pathogenesis of wheezing
and asthma in early childhood.' These illnesses are characterized
by chronic airway inflammation caused by a dysregulated im-
mune system.2 Attention has recently been directed toward regu-
latory T (Treg) cells because they are important in suppressing
immune responses against nonspecific stimuli,’ such as DEP.
The suppressive phenotype of Treg cells is conferred by stable ex-
pression of forkhead box protein 3 (FOXP3).? Transcriptional si-
lencing of FOXP3 through hypermethylation of CpG islands in
the promoter and intronic regions has been identified as a hall-
mark of committed Treg cells and human diseases, including
asthma.>* As such, Nadeau et al* reported increased FOXP3 hy-
permethylation in blood DNA to be associated with diminished
Treg cell function and increased asthma severity in children ex-
posed to polycyclic aromatic hydrocarbons, a component of
DEP. In this study we test the novel hypothesis that early (birth)
and consistent exposure to high levels of traffic pollution alters
FOXP3 methylation status in DNA from saliva in a manner that
correlates with DEP exposure, predicts wheezing/asthma in later
life, or both. The oral cavity provides an important first line of de-
fense against DEP exposure for children because mouth breathing
is a common path of exposure.® Furthermore, other aerodigestive
track tissues, such as buccal cells, have been successful in charac-
terizing DNA methylation with respect to air pollutants and air-
way inflammation.®” The ancillary goal is to establish a
noninvasive, high-throughput, and quantitative assay for measur-
ing risk of asthma linked to traffic-related air pollution.

TABLE I. Distribution of FOXP3 percentage methylation in the
sample population stratified by respiratory outcomes

Description Mean Minimum Maximum SD
Study sample 21.30 0.00 62.40 17.40
Wheezing phenotype
Nonwheezers 17.00 0.00 55.10 16.20
Persistent wheezers* 35.84 18.10 58.35 15.20
Early transient wheezers*  24.16 0.32 61.30 17.90
Asthma status
Nonasthmatic 19.50 0.00 62.40 16.90
Asthmatict 32.70 1.10 58.40 17.90

*Significant difference between persistent wheezers (P < .01) and early transient
wheezers (P < .05) compared with nonwheezers.
tSignificant difference between asthmatic and nonasthmatic children (P < .05).
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METHODS

Heparinized blood samples were stored at room temperature and trans-
ferred to the National Research Institute for Child Health and Development in
Tokyo. The following procedures were performed no later than 24 hours after
phlebotomy. PBMCs were obtained from peripheral blood by using Ficoll-
Hypaque gradient sedimentation (Lymphocyte Separation Medium; ICN
Biochemicals, Aurora, Ohio). The viability determined by using trypan blue
dye exclusion (Sigma, St Louis, Mo) always exceeded 95%. PBMCs were
suspended at a cell density of 1 X 10%/mL in AIM-V medium (Gibco) without
serum for lymphoproliferation, and in RPMI 1640 medium (GIBCO/Life
Technologies, Gaithersburg, Md) in the presence of 5% autologous plasma
for cytokine production assays.

Lymphoproliferation was measured based on tritiated thymidine
(Amersham, Tokyo, Japan) uptake during a 16-hour period after 5 days
of stimulation with 100 wg/mL of each LPS-depleted milk protein
preparation (a-lactalbumin, Sigma; B-lactoglobulin, Bean Stalk Snow:
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and a-, B-, and k-caseins, Sigma) at 37°C in a humidified 5% CO, atmos-
phere. Incorporated tritiated thymidine was counted with a liquid scintil-
lation counter (TopCount NXT; PerkinElmer Life Sciences, Boston,
Mass). The stimulation index was calculated as milk protein—specific trit-
iated thymidine uptake (cpm)/vehicle-induced tritiated thymidine uptake
(cpm).

Culture supernatants were harvested at day 6, and the cytokine production
profiles were investigated by using Luminex multiplex cytokine analysis kits
(Millipore) and ELISA (R&D Systems).

The lymphoproliferation assays and cytokine production assays were
performed in duplicates and triplicates, respectively.

There was a significant positive correlation between the IL-2 concentration
in the PBMC culture supernatant and lymphoproliferation (stimulation index)
after stimulation with k-casein (r = 0.269, P = .025; see Fig E2). Similar ten-
dencies were also found when PBMCs were stimulated with other milk protein
preparations (data not shown).
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FIG E1. A, LPS at as little as 10 pg/mL can induce lymphoproliferation.
PBMCs from young children {n = 60, 0-60 months of age) were stimulated
with various concentrations of LPS (Sigma) for 5 days. Lymphoproliferation
was measured by using tritiated thymidine uptake. The stimulation index
was calculated as milk protein-specific tritiated thymidine uptake (cpm)/ve-
hicle-induced tritiated thymidine uptake (cpm). *P < .05. B, LPS-induced
lymphoproliferation was inversely associated with age. PBMCs from young
children (n = 21, 0-240 weeks of age) were stimulated with 100 pg/mL LPS
(Sigma) for 5 days. Lymphoproliferation was measured by using tritiated
thymidine uptake. The stimulation index was calculated as milk protein—
specific tritiated thymidine uptake (cpm)/vehicle-induced tritiated thymi-
dine uptake (cpm).



