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METHODS
Human Subjects

Subjects were recruited from the Virginia Mason MatCenter Allergy Clinic and Benaroya
Research Institute with informed consent and imstihal review board approval (IRB title

“Allergen and T-cell reagent resources for the gtod allergic diseases”; approval number
IRB7109). A total of 26 subjects with a documentedord of milk allergy and a positive

ImmunoCAP score for milk extract (>0.35 kU/L) (PradB, Uppsala, Sweden), were recruited
for this study. All patients had onset of cow mallkergy in infancy, typically with first known

exposure to cow milk with symptoms consisting tgflic of urticaria and gastrointestinal
discomfort and vomiting. Diagnosis of cow milkeally was made by specific IgE testing to
cow milk, either skin prick testing or serum IgEtiag and history of presentation of clinical
symptoms. Most recent serum cow milk specific lg#els are shown iffable E1. 18 patients

(12 > 8-year-old and 6 < 8-year-old) do not tolerahy form of milk and 8 patients (6> 8-year-
old and 2 < 8-year-old) tolerate baked form of nptktein. Patients with baked milk intolerance
had either accidental ingestion- induced symptomfaited challenge to baked milk. The 8
patients tolerating baked milk had accidental itigasof fresh milk -induced symptoms, but

passed a baked milk challenge.

13 non-atopic and 5 atopic subjects with no clihgganptoms to milk, a negative ImmunoCAP
score and HLA(Human histocompatibility leukocytetigen)-matched were also recruited as
controls for this study. The features of these attisjare shown ifiable E1. DNA samples were
HLA-typed using Dynal Unitra}) SSP Kits (Invitrogen, Carlsbad, CA) according e t

manufacturer’s instructions.
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Tetramer guided epitope mapping (TGEM)

Peptide libraries were generated base@-tactoglobulin,asl-caseinas2-casein-casein and
K-casein sequences. The libraries consisted of apmeirig peptides spanning the entire allergen,
which were 20 amino acids in length with a 12 améoead overlap synthetized by Mimotopes
(Clayton, Australia). Peptide-loaded HLA-DR and HIDX) proteins were generated, as
previously describéd 2. The tetramer-guided epitope-mapping procedure seasiucted as
previously describeff®. Briefly, PBMC from CMA subjects were stimulatear £2 weeks with
pool peptides which consisted of 5 overlapping ot spanning the entire allergen. After 2
weeks, PBMC were screened with pMHC-II tetrameisdédl with the pool of peptides that
corresponded to the stimulated well, those witlositive signal were re-screened again but this

time with pMHC-II tetramers loaded with single peps.

Ex-vivo analysis of milk-specific CD4" T-cells

CD154 detection assay was carried out as previouslyritiest™?. Briefly, for detection of
CD154-reactive T-cells, 15-35 million of freshly isoldtePBMC (at 7 x 10 cells/mL) in
culture medium (RPMI 1640 (Gibco) + 10% pooled honmserum + 1% PenStrep) were
stimulated with 5pug/mL of synthesized peptide pdalsa final concentration of 47.5 uM for
Bos d 5, 60 uM for Bos d 9, 62.5 uM for Bos d 1P,56uM for Bos d 11 and 50 uM for Bos d
12), and 1 pg/ml anti-CD40 (Miltenyi Biotec, Aubur@A) for 3 hours (for frequencygnd 6
hours (for ICS)at 37°C. Cells were also mock stimulated with DM@®5% final concentration)

as negative control. After stimulation, cells westained with PE (phycoerythrin)-conjugated
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CD154 (Miltenyi Biotec, Auburn, CA) and labeled wianti-PE magnetic beads (Miltenyi
Biotec, Auburn, CA) for 20 minutes at 4°C. A 1/1fd@ction of cells was saved for analysis. The
other fraction was passed through a Miltenyi magratlumn; magnetically enriched cells were
next stained with a panel of antibodies of intefest20 minutes at room temperature. After
staining, cells were stained again with Via-prot®D BiosciencesEast Rutherford, NJ) for 10
minutes at 4°C before flow-cytometry. Data acqiositvas performed using a FACSCanto flow
cytometer and data were analyzed utilizing FlowDe¢ Star, Ashland, Ore). Frequency was
calculated as previously described for tetrameryai®a®®. Ex vivo analysis with pMHC-II

(Peptide/MHC class II) tetramers was carried oytrasiously describeff®.

Intracellular cytokine staining

For ex-vivo intracellular cytokine staining (ICS) combined D154 activation assay, BD GolgiSttp
was added during stimulation (BD biosciences, Bagherford, NJ) according to the manufacturer’s
instructions. After 10 minutes at room temperatucells were then fixed with fixation buffer
(eBioscience, San Diego, CA) and washed twice wifiermeabilization buffer (eBioscience, San Diego,
CA). Cells were then stained with a panel of artibe (eBioscience, San Diego, CA and BD bioscignces
East Rutherford, NJ) directed against cytokineisitgrest for 20 minutes at room temperature; aediee

washed and immediately analyzed in FACSCanto flgieroeter.

Statistical analysis

Statistical analysis was performed using the testcated in the figure legends utilizing Prism

5.0 software (GraphPad Software, La Jolla, CaliBjtn
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Table E2. Bosd 5, Bos d 9, Bos d 10, Bos d 11 @b d 12 CD4 T-cell epitopes

HLA DRB1 Restriction

Bos d Amino acid sequence 01:01 03:01 04:01 07:01 09:01 10:01 11:01 1501 DRB4 DRB5 DQ6
"Bos d 5;7.35 GTWYSLAMAASDISLLDAQS 7T,
o/
"Bos d 519.148 DDEALEKFDKALKALPMHIR 0/4", 13,
117 3/3F
Bos d 5137156 DKALKALPMHIRLSFNPTQL 0/11,
2/5
*Bos d 9735 NENLLRFFVAPFPEVFGKEK 7T,
0/
*Bos d 905104 KVPQLEIVPNSAEERLHSMK 12,
213
*Bos d 9;37.156 GVNQELAYFYPELFRQFYQL o/t
1/1*
"Bos d 9145 164 FYPELFRQFYQLDAYPSGAW 212 1/2",  o/0',
212 34 11
*Bos d 9169.188 SGAWYYVPLGTQYTDAPSFS 1/2, 0/Z',  0/0, 0/4",
212 214 11t 117
Bos d 10,7.5¢ QETYKQEKNMAINPSKENLC U7,
o/
Bos d 10;77.195 PQYLKTVYQHQKAMKPWIQP 1/21,
3/4
Bos d 10485004 QHQKAMKPWIQPKTKVIPYV 1/3,
13
Bos d 11,544 RINKKIEKFQSEEQQQTEDE 0/7,
214
Bos d 114160 TEDELQDKIHPFAQTQSLVY 0/2, 7T,
ur o/t
Bos d 11,968 IHPFAQTQSLVYPFPGPIPN 0/1",
2/5
Bos d 11454 PIPNSLPQNIPPLTQTPVVV o1
2/5
Bos d 11g9.108 QPEVMGVSKVKEAMAPKHKE 11,
o/5
Bos d 1151313, KYPVEPFTESQSLTLTDVEN 0/;2
717
Bosd 11553472 PTVMFPPQSVLSLSQSKVLP 0/,
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Bos d 11103012 FLLYQEPVLGPVRGPFPIIV 1/?
217

Bos d 12; 5 AQEQNQEQPIRCEKDERFFS o/, 13,

1/5 0/3*
Bos d 1257.76 LPYPYYAKPAAVRSPAQILQ 1/35; ,

o/
Bos d 12105124 SFMAIPPKKNQDKTEIPTIN 2/21,
0/4

Bos d 1245317, PEVIESPPEINTVQVTSTAV 0/11,

1/5

*Previously identified CD4+ T-cell epitopes by Eledyet al (Molecular Immunology, 2004).

*Previously identified as HLA-II-restricted T-cetpitopes in www.iedb.org. Epitope Bos g,5(33950, 223605); Bos d{59.145(222188); Bos d 9,.36 (31145, 38207); Bos d 9
105-124(74689, 51432, 34491, 70444); Bos ¢h956(13715, 13716, 26364, 26341); Bos ¢9,64(26341, 45542, 18443); Bos d &.1s5(10, 5711, 7690).

T# of responders and # of subjects tested with ésegdated HLA-DR or HLA-DQ with baked milk toleramc

*# of responders and # of subjects tested with ésegdated HLA-DR or HLA-DQ with baked milk intoleree.



Table EL1. HLA and allergic status of recruited subjects

ID Age Sex HLA slgE Symptoms Tolerates baked
(DRB1*) milk toMilk milk
(f256) ingestion
kU/L
Milk Allergic Adults
1 39 F 04:01,07:01 103 L L1, IV, V No
2 34 M 07:.01,13:01 0.5 vV, VI No
3 22 F 0401,10.01 41.2 VI No
4 18 M  10:01,12:01 4.63 VIII No
5 30 F 01.01,09:01 053 VI Yes
6 20 M 0301,13:.01 3.29 1, v, v No
7 20 M 01:.01,03:01 829 [ 1 Yes
8 19 M 07:.01,13:01 41.1 v,V No
9 18 M 04:01,12.01 261 VI No
Milk Allergic Teenagersand Children > 8 years of age
10 15 ™M 0401,1501 4.46 Y No
11 10 M 13:01,15:01 351 v Yes
12 10 M 03.01,12:01 64.7 M, v, v No
13 13 F 03:01,03:01 64.5 1,11 No
14 9 M 03.01,07:01 227 I, 1v,v No
15 11 M 07:.01,1501 121 v,V Yes
16 12 F 01.01,04:05 100 i, 1v,v No
17 15 F 10:01,1501 1.27 I, v Yes
18 13 M 12:01,15:01 9.28 (I T AVARVATT| Yes
Milk Allergic Children under the age of <8
19 4 M 10:.01,15.01 77.2 L1V, Vv No
20 3 M 04:01,10:01 0.8 I, 1v, VIl Yes
21 5 F 0701, 11.01 517 I,V No
22 3 M 03.01,07:01 227 I, I, IV Yes
23 3 M 03:.01, 07:01 7.3 ", 1v No
24 5 M 09:01, 10:01 52.2 I, v No
25 5 M 0101, 15:01 2.86 v No
26 8 M 04.01,07:01 153 I, 1, 1v, v No
Non-atopic subjects
27 29 M 0301, 15:01 0 Absent Yes
28 31 F 0101, 1501 0 Absent Yes
29 34 F 0101, 01:03 0 Absent Yes
30 34 F 0301, 1101 0 Absent Yes
31 35 F 04:.01,14:01 0 Absent Yes
32 32 F 07:.01,07:01 0 Absent Yes
33 38 M 04:.01,04:01 0 Absent Yes
34 37 F 0301, 07:01 0 Absent Yes
35 32 M 0101, 04:02 0 Absent Yes
36 35 M 07:01,13:02 0 Absent Yes




37 24 M 07:01,13:02 0 Absent Yes
38 3 M 0101, 0 Absent Yes
39 23 F 1501, 10:01 0 Absent Yes
Atopic subjectswithout milk allergy
40* 8 M 10:01, 15:01 0 Absent Yes
41* 2 M 01:01, 13:02 0 Absent Yes
42* 10 F 07:.01,11.01 0 Absent Yes
43¢ 2 M 11:01, 15:01 0 Absent Yes
44* 10 F 01:01,15:01 0 Absent Yes

I Itchy mouth, lipsand/ or pharynx

Il Abdominal discomfort and/ or diarrhea

111 Nauseaor vomiting

IV Severe skinitching or hives, acute or angioedema
V  Rhinitisand / or conjunctivitis and / or respiratory compromise

VI  Dizziness (feeling loss of consciousness)

VIl Syncope (loss of consciousness)
VIl Desaturation with respiratory compromise

*  Subjects also had history of peanut or walnut and positive IgE ImmunoCAP for peanut or walnut



Figure E1. Tetramer Guided Epitope Mapping (TGEM) studies of DRB1* 10:01-restricted Bos d-specific

CD4 T-cells. A, PBMC from a DRB1*10:01 subject with milk allergy were stimulated with 5 pools of
Bos d 11 peptides for 2 weeks and subsequently stained with corresponding DRB1*10:01/Bos d 11
pooled peptide tetramers. B, Cells that were stimulated with pool #1 were re-stained with individual
peptides from the corresponding pool. The staining identified p4 (Bos d 11,544) as DRB1*10:01 restricted

Bosd 11 T-cell epitopes.

Figure E2. Frequencies of milk allergen reactive CD4" T-cells. A, and B, Frequencies of B-
lactoglobulin-, asl-casein-, as2-casein-, B-casein- and k-casein-reactive T-cells in 8 subjects with milk
allergy (adults, teenagers and children >8 years of age n=6; children <8 years of age n=2) with CD154
assays after 3 hour Bos d peptide stimulation utilizing freshly isolated PBMC. Each data point represents
the frequency of T-cells reactive to each alergen. An ANOVA test (with Bonferroni correction) was used

to compare al columnsin the statistical anaysis. ***P<0.001, NS. Not significant.

Figure E3. Phenotypes of CCR6'Bos d-specific T-cells in milk allergic subjects after ex vivo pMHC-I1
tetramer enrichment utilizing freshly isolated PBMC. A, and B, Tetramer'CD45RA™ T-cells were gated
against CCR4 and CCR6. Each data point represents results for surface expression in tetramer positive T-
cells from 23 subjects with milk alergy; 15 adults, teenagers and children >8 years of age (triangles) and
8 children <8 years of age (downside triangles) with CMA. C, and D, Tetramer positive CD45RA™ T-cells
were gated against CCR6 and CRTH2. Each data point represents results for surface expression in
tetramer positive T-cells from 26 subjects with milk alergy; 18 adults, teenagers and children >8 years of
age (triangles) and 8 children <8 years of age (downside triangles) with CMA. A Student t test was used

in the statistical analysis. ****P<0.0001, *P<0.05, NS. Not significant.
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