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Capsule summary
The skin and airway homing chemokine CCR4, butCQioA, emerged as the primary
discriminating homing factor, of Th2 lymphocytesggesting that peanut sensitization occurs both

via the skin and airways.
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To the Editor:

Early exposure to peanut through a dysfunctionial B&rrier may result in sensitization to peanut
while oral exposure is suggested to promote toramductiorf™. A study on circulating peanut-
specific Th cells from peanut allergic (PA) subgelive supported this hypothesis by
demonstrating stronger proliferation of skin homauganeous lymphocyte-associated antigen
(CLA) expression compared to gut hominglp7) Th cells®. Moreover, high levels of the Th2
subtype associated skin and lung homing C-C mbghwkine receptor 4 (CCR4) have been
described on Ara h 1 specific Th cells of PA sutsj& It is well recognized that Th2 cells
dominate peanut-responsive Th cells in PA patidragetter understand the mechanism of food
allergen sensitization and the importance of exposoute we aimed to investigate the gut and skin
homing phenotype of circulating human peanut-spe€if cells of PA and non-allergic (NA)
subjects.

PA subjects all had IgE to Ara h 2 and the medeear wf latest allergic episode to peanuts was 3
(1-5 years). All PA subjects had concomitant at@@aomatitis (AD) and allergic rhino-
conjunctivitis. Moreover, eight out of the nine BAbjects was diagnosed with asthma (Table E1 in

Repository).

Circulating Th cells of PA and NA subjects showadilar expression of the investigated skin
markers CLA, CCR4, and CCR10 as well as the gutihgm@ntigen integrim4p7 (37) (see Fig E1,
A andC and this article’s Methods section in the Repogjtdvioreover, no differences were found
in the frequency of circulating memory (CD1$Th cells and conventional (CRTH2D161) “ or
pathogenic (CRTHZD161) Th2 cell subpopulations in PA and NA subjects)(El,D andE).
Peanut-responsive Th cells were identified by iaseel CD154 expression after short-texavivo
stimulation with whole peanut extract of PBMCs fr&A and NA subjects. PA subjects showed

stronger peanut-specific CD159% cell responses than NA subjed®s<0.0252, mean frequencies
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of 113 vs 35 per million Th cells and ratios conguhto the unstimulated control of 15 vs 8, Fig 1,
A andB). In line with our findings, one study) reported comparable frequency of peanut-specific

Th cells (100-200 per million Th cells) in PA sutig

Peanut-responsive Th cells of PA subjects hadasek expression of the Th2 cell type associated
skin and airway homing chemokine receptor CCR4 @reghto NA subjectd(= 0.0042, 24% vs
8%), but neither the signature skin homing antiGeA (16% vs 14%) nor the other skin homing
chemokine receptor CCR10 (13% vs 7%, Fi®@ BndE). In agreement with our data, another
study characterizing Ara h 1-specific Th cells &f $ubjects reported expression of CLA in ~10%
of the cells®. Furthermore, no difference in expressiofyvfvas found in the peanut-responsive
Th cells of PA and NA subjects (2.5% vs 3.1%, Fi® BndE), an indication of non-gut priming.
As expected, the largest subpopulation of the pe@sponsive Th cells of PA but not NA subjects
was Th2 cells (CRTh2+) (44% vs 9%, FigE), Also, most CRTh2 positive peanut-specific Th
cells of PA subjects co-expressed CD161, indicaiive pathogenic Th2 cell profile with
production of IL-5 (Fig 1F andG) @), Finally, peanut-responsive Th cells of PA but oA
subjects was characterized by high expressioneohéwly described type 2 immune response

associated receptor CD200R (median fluoresceneasity, 1602 vs 633, Fig H andl) V.

We next characterized the cytokine profile of teamut-responsive Th cells (Fig 29, The
peanut—specific Th cells of PA subjects had a lafrgetion of conventionglL-4*IL-57, P =

0.0002, 20% vs 1.6%) and pathogenic (fIlL45, P = 0.0002, 29% vs 1.5%) Th2 cells compared
with the NA subjects (Fig EB andC). This is in agreement with a previous publicati@porting

the two largest subpopulations of peanut-resporiEivecells as IL-5Th2 (IL-4'1L-57) and IL-

5'Th2 (IL-4'IL-5") cells in PA subject®). Furthermore, the peanut—specific Th cells of BBjects
had a greater percentage of single positive’llL-8 cells (9.6% vs 1.4%) as well as IL-31, another

Th2 subtype associated cytokine (2% vs 0.6%) tharsbbjects (Fig E2B andC). In contrast,
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compared to the PA subjects, the majority of peameaictive Th cells of NA subjects showed a Thl

profile with more IFNy positive cells (10% vs 45%, Fig E2,andC).

Having established that the majority of the peaegponsive Th cells of PA subjects were of a Th2
profile, we failed to find different expressiontbke canonicaskin homing marker CLA in the PA
compared to the NA subjects. Chan and co-workestiowed that the isolated CIFh cell

fraction of PA subjects primarily produced Th2 dytaes while a Thl profile was the main
population observed of isolat@d cells in peanut-tolerant subjefs However, the same authors
later reported in an elegant transcriptomic st@tlpf sorted CD69peanut-specific CLAandp7*

Th cells, that Th2 and Th9 associated cytokinegwequally expressed in the CLANdR7*

homing Th cells. By analyzing the skin and gut hagrpotential of the largest cytokine cell
populations of IL-4IL-57, IL-47IL-5" and IFNy" peanut-specific Th cells of PA subjects; unbiased
grouping analysis using t-SNE revealed an assoaiati CCR4 but not CLA to peanut-specific

Th2 cells in the PA subjects (FigAR). Interestingly, even though all PA subjects hdal e main
subpopulation of peanut-specific pathogenic (fll-45") Th2 cells lacked CLA (<1%) and weakly
(11%) co-expressed CCR4 (FigRD). These findings were unexpected, since the mx&0%)
skin-homing T cell population in subjects with ABdharacterized by CLA-expression, a surrogate
marker for cutaneous T celf& More studies are needed to verify whether theptype of
circulating peanut-specific Th cells mirrors peaspécific Th cells located in the airway and skin.
Furthermore, CCR4 but not CLA was in particularregsed by the conventional IC#4-5" Th2

cells, with 21% expressing CCR4 (CC+IR‘4_A') in the PA subjects (Fig B-D). However, it

would be interesting to study PA subjects withathaa to elucidate whether the CCR4 expression
by the conventional Th2 cells is asthma relateda®@allergen-specific level, we confirm the link
between CCR4 expression of the [LH45 Th cells, but not the IL-4L-5" Th cells in agreement

with another stud{’. The IL-4 single positive CCR4 expressing Th cklise been suggested to
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represent a less differentiated Th2 cell type seatlergic subjects with none or few re-exposures
to the allergen and it is thought to drive IgE @jle inflammation®. If correct, the IL-4 single
positive CCR4 expressing cells should represenhédy primed peanut-specific Th2 cells, and
therefore it is interesting that most of thesescleltked co-expression of the signature skin homing
antigen CLA. As CCR4 expression has been assoaidthcdoming to the airway?, this could
indicate that the IL-4 single positive peanut-spedih2 cells could originate from the airways. In
support of the hypothesis of airway priming of toaventional peanut-responsive Th cells in PA
subjects, the less frequent Bet v 1-specific Tksadlbirch sensitized subjects, also being PA,

showed a conventional Th2 phenotype with comparaibeession of CCR4 (Fig E3-B).

On the level of allergen-specific T cells, thighe first investigation to break down the skin hogni
potential of the Th2 cytokine producing cells in Pétients. Using the tissue homing potential of
the circulating pool of peanut-responsive Th2 cietien PA subjects as a surrogate of the tissue
located Th cells, we could find indications thaapet sensitization might occur through both the

skin and the airways.
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Figure Legends

Fig 1. Peanut-specific Th cellsfrom peanut-aller gic subjects are characterized by expression of CCR4,
CRTh2, and CD200R but not CLA. Peanut-specific CD15%h cells from PA (n = 9) and NAACC) (n =
13) ©-1) (n = 9) subjectsA-C) Representative dot plota), frequenciesk) and ratios compared to the
unstimulated control®) of CD154Th cells.D-1) Representative merged dot-plais F), histogram (H) and
percentageH, G) of peanut-specific Th cells expression of CLA &7d CCR4 or CCR10, E) as well as
CRTh2 and CD16H, G) or CD200R (-I). Significant differences were identified using tdann-Whitney

U test.

Fig 2. Pathogenic peanut-specific Th2 cells of peanut allergic subjects lack the canonical skin homing

antigen CLA. Peanut-specific CD15%h cells from PA (n = 9) subjecta) t-SNE plot of CCRACLA,
CCR4'CLA", CCR4CLA", IL-4, IL-4*IL-5%, and IFNy grouping in the two-dimensional t-SNE
representatiorB) Pie charts demonstrate the average percenta@ERA CLA", CCR4ACLA", CCR4
CLA", and CCRACLA’ in the peanut-specific Th2 cells positive for IL-#-4*IL-5*, and IFNy". C, D)

Representative merged dot-plo®) @nd percentag®j of CLA and CCR4 in IL-Z, IL-47IL-5%, and IFNy"

cell populations. Significant differences were itiiéed using the Mann-Whitney U test.



Demographic features

Non allergic (n = 13)

Peanut allergic (n =9)

P value

Age (years) 25 (20-32) 20 (19-27) 0.06
Female sex. no. (%) 9 (69) 8 (88) 0.3602
Latest allergic episode 0 (0) 3 (1-5 years)

Total IgE (KUn/L) 40.2 (15 -127.2) 339 (228-2875) 0.0011
sIgE to Peanut - whole nut <0.35,0 56.7 (19.7-88.9),9 <0.0001
extract, no.

sIgE to Ara h 2 (peanut), no <0.35,0 19.5(17.8889  <0.0001
sIgE to grass pollen, no. <0.35,0 1.6 (<0.35-2%5), 0.0048
sIgE to birch pollen, no. <0.35,0 1.36 (<0.35-718 0.0002
Other plant food allergies. no.

(%) 0 (0) 7 (78)* 0.0084
Atopic dermatitis no. (%) 0 (0) 9 (100) <0.0001
Asthma no. (%) 0 (0) 8 (88) <0.0001
Rhino-conjunctivitis no. (%) 0 (0) 9 (100) <0.0001

Table EL1. Values are shown as numbers (percentages) oange(tange). Bold indicate

statistically significant differences. * Unknowntine remaining two cases (avoids other nuts). IgE
< 0.35 = 0.34 in statistical testing (range = mimimand maximum value). Fisher’s exact test or

Mann-WhitneyU test were used for determining statistical sigaifice.
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Repository
Repository methods

Subjects

Nine PA subjects and thirteen NA subjects wereuitznl as previously describ&d. The study

was approved by the committees on health rese#inasén the capital region of Denmark (H-
15001321). PA and NA subjects with detectable pespecific CD154 T cells were also included

in another stud{f". Specific IgE towards common inhalation allergemsole peanut, and Ara h 2
were analysed by the Phadia ImmunoCAP immuno- eatigrassay (ThermoFisher Scientific,
Uppsala, Sweden). Peanut allergy was diagnosedabyomd challenge and/or by convincing
medical history of an immediate and severe allerggction with unambiguous objective symptoms

upon peanut ingestion.

Cell cultures

PBMCs were purified as previously reportéd For detection of CD154allergen-specific Th
cells, 45 x 16 PBMCs (5-7.5 x 10cells/mL) were stimulated with or without 100 pg/méanut
extract or 5 pg/mL rBet v 1a (Biomay, Vienna, Autfor 14-16 h. All cells were cultured in
RPMI 1640 supplemented with penicillin (100 U/m&ireptavidin (10@g/mL), L-glutamine

(2 mm), p-mercaptoethanol (50m) (all from Sigma), and 5% heat-inactivated stefiltered
human AB serum (Invitrogen).

Flow cytometry

Prior harvest, theultures were incubated with Brefeldin A (1§/mL) over the whole stimulation
period. Post-harvest, all cells were stained witnadility dye (Fixable Viability Dye eFluor® 780,
ebiosciences) for 20 min at 4°C. Phenotypic stagimias for 20 min at 4°C with or without

BV421-conjugated anti-CRTh2 (BM16, BD), PerCP-Cysdnjugated anti-CCR10 (1B5), PE-



Cy7—conjugated anti-CCR4 (1G1), and BV711—-conjudatgi-CD161 (DX12) (all from BD),
PerCP-Cy5.5—conjugated anti-CD200R (OX108, eBiomas). The residual erythrocytes were
lysed with PharmLyse (BD) for 5 min at room temera prior to permeabilization. Cells were
then treated with IntraPrep (Beckman Coulter, Ftdlg USA) and intracellularly stained for 20
min at room temperature with or without BV650—cagted anti-Integrift7 (FIB504), BV510—
conjugated anti-CD4 (SK3), BV786—conjugated ahtitV A (N49-653), PE—conjugated anti-1L-5
(JES1-39D10)FITC—conjugated anti-CD154 (TRAP1), BV650—conjugatetit@m»3 (UCHTL1),
PE-CF594—conjugated anti-IL-10 (JES3-19F1), anc&lluor 700—conjugated anti-IFN(B27)

(all from BD Biosciences), BV605—conjugated antidl(MP4-25D2, Biolegend, San Diego, USA),
eFluor660—conjugated anti-IL-31 (31SNEZE), and BE-&€onjugated anti-IL-22 (22URT]I) (all
from eBioscience). APC-eFluor780—conjugated antt€p1D3), and APC-eFluor780—
conjugated anti-CD19 (HIB19) (both from eBioscienaere used as dump channel reagents in the
detection of CD154Th cells.Data acquisition was performed with a Fortessa ftgtometer (BD).

A total of 5-9 x 18 events were collected for each of three antibodyefsain the characterization
of CD154 T cells. Data were analyzed with FlowJo 10.1 software (Trae®tshland, USA).

Merged representative files of CDI5dositive Th cells were created by down-sampledwfd) to
100 events of CD154%ositive cells (Flowjo). Down-sampled data filesrgles of peanut-specific
cells were merged in one file of PA or NA subjgétowjo). The t-SNE analysis was run on the
merged files with the parameters: CLA, CCB4Z, IL-4, IL-5, IL-10, IL-17A, IL-31, and IFNy

(FlowJo).Analysis and presentation of distributions werdqrened using SPICE version 5.

Peanut extract



Peanut extract was prepared as previously descfiBetdPS levels were assessed by the Limulus
amebocyte lysate (LAL) assay (Lonza, Basel, Swidnel) and the peanut extract exhibited levels

<0.001 endotoxin units/mL in culture.

Statistical analysis

Statistical analyses were performed using Grapl?@th software, version 6.0 (GraphPad
Software, La Jolla, USA). Mann-Whitneytest, Kruskal-Wallis test with Dunn’s correction,
Fisher’s exact test or 2-way Wilcoxon matched-pagned rank test were used for determining
statistical significance. For box-and-whisker pleisdline indicates the median; upper and lower
edges of the box plot are the 75th and 25th patesnivhiskers are min and max values. Bar
graphs are represented as means. The horizontadrasents group means.
Repository references

(E1) Blom LH, Martel BC, Larsen LF, Hansen CV, Gkensen MP, Juel-Berg N et al. The

immunoglobulin superfamily member CD200R identifoedls involved in type 2 immune
responses. Allergy 2017.

(E2) Blom L, Poulsen LK. In vitro Th1l and Th2 cpblarization is severely influenced by
the initial ratio of naive and memory CD4+ T celldmmunol Methods 2013; 397(1-2):55-60.

(E3) Roederer M, Nozzi JL, Nason MC. SPICE: exgtion and analysis of post-cytometric
complex multivariate datasets. Cytometry A 201127267-74.

Repository figure legends

Fig E1. PBMCs from PA (n = 9) and NA (n = 13) subje@3.Gating strategy for Th cells: after
exclusion of doublets, dead and non T cells, W8T D4 cells were selecte®-E)

Representative merged dot-ploBs D) and percentagec( E) of Th cells expression oB( C) CLA
andp7, CCR4 or CCR10 as well a3,(E) CRTh2 and CD161. Significant differences were
identified using the Mann-Whitney U test. For baxdawhisker plots, midline indicates the median;
upper and lower edges of the box plot are the &bBth25th percentiles; whiskers designate min and

max values. Bars represent means.



Fig E2. Peanut-specific CD4"CD154" T cells have a Th2 dominated phenotype with

production of 1L-4 and IL-5. Peanut-specific Th cells were identified, from NA{9) and PA (n
= 9) subjects, by expression of CD154 after 14-06 éx-vivo stimulation with and without peanut
extract.A) Pie charts demonstrate the relative percenthtieedl'h2 related cell subsets;
conventional and pathogenic Th2 cells other cyteldrpressions are indicated independently of
IL-4 and IL-5 status in the peanut-responsive Tisad NA and PA subjectd3) Representative
merged dot-plots of peanut-specific Th cells exgimsof IL-4, IL-5, IL-31, IL-17A, 1L-22, IFNy,
and IL-10 in NAand PA subject<C) Percentage peanut-specific Th cells that expresginations
of IL-4, IL-5, IL-31, IL-17A, IL-22, IFN+, and IL-10 in NA and PA subjects. Significant

differences were identified using the Mann-Whithétest. Bars represent means.

Fig E3. Bet v 1-responsive CD&D154 T cells of birch sIgE positive subjects show a
conventional Th2 phenotype with homing to the aysvd&eanut-specific Th cells from NA (n = 9)
and PA (n = 9) subjects and Bet v 1-specific Thsdebm birch sIgE negative (ki < 0.35, n =
15, 2 of which were PA) and positive (kill > 0.35, n =8 (A), n = 7 (B-D) all of which weRA)
subjects were identified by expression of CD1&fter 14-16 h of ex-vivo stimulation with and
without PE or Bet v 1A) Frequencies of CD15%h cells in unstimulated control and Bet v 1
conditions.B) Representative merged dot-plots of the largestkaye populations of Bet v 1-
specific Th cells of birch sIgE+ subjec) Percentages peanut- and Bet v 1-specific Th cells
expressing IL-4, IL-5, IL-31, IL-17A and IFN4n of NA, PA and sIgE positive subjeci3)
Representative merged dot-plots of CI3X, CCR4, CCR10, CRTh2 and CD161 in Bet v 1-
specific Th cells of birch slgE+ subjecE). Percentages peanut- and Bet v 1-specific Th cells
expressing CLAB7, CCR4, CCR10 and CRTh2 in NA, PA and slgE positiubjects. Significant

differences were identified using the Kruskal-Watkst with Dunn’s correction. For box-and-



whisker plots, midline indicates the median; upged lower edges of the box plot are the 75th and

25th percentiles; whiskers designate min and méxegaBars represent means.



>

LD, CD14
CD19

NA

PA

0 50K 100K 150K 200K250K

SSC-A

b
0 50K 100K 150K 200K450K
—

FSC-A

D

NA

Beta 7

20

e

CCR10
-
cbh161>

20

L L

NA PA
CLA

NA PA

Beta 7

NA PA
CCR4

NA PA
CCR10

NA PA “NA PA

CRTh2 CRTh2 +
CD161 -




A

Non-allergic

Peanut-allergic

M 1L-47IL-5 +
Th2 (IL-4
M [L-4*IL-5" | ( )

miLais 12 05)
[ Th2 (IL-31%)
B Tr1 (IL-10%)
B Th1 (IFN-y*)
1 Th22 (IL-22%)
[ Th17 (IL-17A%)
B s 09| 32 08] 62 11 7 03
0 10° 1o 10°
NA 102! e o B ) 5 £
"(‘))2 0.2 1?}2 0.6 [10° S 4.0 1:;2 48.4
0 0 0! 0 100 10t 0 10° 10* 0 10*
‘0413.9 28.0 104131.7 1.3 ‘0413.2 0.5 w1-6 0
PA '03 103
0 SRR S
| 1.4] 4.0 42| 4
o oW
IL-17A
1007 pP=00002 P=0.0002 P=0.0531 P=00274
80+ .
60- °
+ L
b : :
40+
3 2 '
L]
Sol oa M . . :
O 151
Q : ;
S 104 . * . s
. ° ° ° . .
54 ° ° ° o ° L ° °
: Ml H
o : I
NA PAINA PAiNA PAiNA PAINA PAINA PAi{NA PAiINA PA
IL-4*IL-5" i IL-4*IL-5*{ IL-4°IL-5* IL-31 IL-10 IL-17A IL-22 IFN-y



A B : 4 13 A5 3
407 P=0.018 !
H s ,
» : 10 10°
- [
3 o 30 : & N
- @ PRI R o8
x O g1 =] ¢ =
3 - e T ;
- + i
a ¥ 20 P IL-4 IFN-y
°5 23,
3o T8 1 e 3 3 0
§ E :
8 = 104 H
T o : @
o .
w ' . =1
0 H N H N HTe) ': Al
O Pl 2] =2ls o
P P T S T
IL-31 IFN-y
Birch sIgE <0.35 >0.35
C 100, IL4ILE IL-4"IL-5* IL-31 IL-17A IFN-y
301 P=0.021 P=0.031 P=0.0015
60 .
+ L e T
< 8
3 8
-
o
P 30
<
o
20
R
101 _
dee LI LI o[ e ML
NA PA Bich i NA  PA Birchi NA PA Birch{ NA PA Birch{ NA PA Birch
o slgE+ slgE+ sIgE+ﬂ o slgE+ slgE+
PE Bet v1 PE Betv1 PE Betv1 PE Betv1 PE Betv1
D P! 3 (5 8 o 5 on 15
H
ChH
+ O
w O, 10° 10°
2 -
£~
Saiwldl ¢ <|g < g .
Dol ol . % i
OE m _ _ 115 3} i i ‘25 ol 7 O 10
H o 10 10 10 0 10 10° u)A 0 103 m‘
: CLA CCR4 CRTH2
E CLA Beta 7 CCR4 CCR10 CRTh2
701 P=0031 P=0.035
60-
+
o 501
a
QO 401
+
<
Q 30
Q
o~
°7 20
N Iil é
NA PA  Birch NA PA Birch NA PA Birch NA PA Birch NA PA Birch
sIgE+ sIgE+ sIgE+ sIgE+ slgE+
PE Betv1 PE Bet v 1 PE Betv1 PE Betv1 PE Bet v 1




