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ABSTRACT
Background
Peanut allergy is a typical IgE-mediated immune disorder. In some patients peanut 
allergy will progress as a lifelong disease whereas others are sensitized to peanut 
but do not have clinical disease. 

Objective
In the current study we addressed the question whether there is a different cy-
tokine profile in plasma of children sensitized to peanut that either show a clinical 
response to a peanut challenge or became tolerant to peanut later in childhood. 

Methods
A panel of 18 cytokines was measured in thirty children (age 3-17 years), suspected 
by their clinician of peanut allergy, who underwent a double-blind placebo-
controlled food challenge. Next, two outstanding cytokines (IL-17 and IL-25) were 
tested in three control groups, namely a group of infants suspected of cow’s milk 
allergy (n=32), an age matched healthy control group (n=20), and a group of 
children with juvenile idiopathic arthritis (n=20).

Results
IL-25 was highly elevated only in children with a proven clinical peanut allergy. 
These high levels of IL-25 were not measured in non-peanut allergic children, nor 
in our control groups. Interestingly IL-17 was lower in peanut responsive- than in 
the peanut tolerant children. 

Conclusion
Our data indicate that IL-25 is a prominent secreted cytokine only in children with 
a clinical allergic response to peanut. In combination with the finding that IL-17 
is more secreted in peanut tolerant children, this study suggests that the IL-17 
cytokine family plays an important role in peanut allergy. 
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INTROdUCTION
Peanut allergy (PA) is an IgE-mediated disease that affects about 1% of young 
children. In the past decades it has emerged as a major health problem due to 
the severity of reactions and dramatic increase in prevalence.(1;2) Peanut domi-
nates the list of food allergens implicated in fatal and near-fatal allergic reactions 
and as many as one-third of peanut-sensitive patients have severe reactions.(3) 
Unlike most other food allergies such as cow’s milk allergy (CMA), PA tends to be 
persistent, which means a lifelong problem for about 80% of the peanut allergic 
population.(4) Currently, no therapy is available for peanut allergy and treatment is 
solely based on avoidance of the allergen. However, avoidance of peanut expo-
sure is hampered by the common use of peanut as an adulterant in different food 
products, and the strict diet and risks of accidental ingestion have a major impact 
on the quality of life of patients and their families.(5) One of the factors that are 
of critical importance in food allergy management is an accurate diagnosis of the 
disease and enhanced knowledge on the mechanisms that underlie persistence 
of the disease. 

Peanut allergy is a typical IgE-mediated immune disorder. During the sensiti-
zation phase Th2-associated cytokines, such as IL-4 and IL-5, promote IgE class 
switching and the activation and migration of basophils, mast cells and eosi-
nophils, which act as effector cells during the challenge phase. The repetitive 
occurrence of late phase inflammatory reactions triggered by the ongoing expo-
sure to the allergen may lead to a chronic inflammatory response, during which 
cytokines also play important role. It remains unknown however, what drives and/
or regulates the initial and chronic activation of Th2 cells. IL-25 (or IL-17E), a re-
cently identified member of the IL-17 family of cytokines, has emerged as one of 
the candidate cytokines involved in these processes. Although IL-25 is structurally 
related to IL-17, its biological effects differ dramatically from, and even oppose 
that, of previously described members of the IL-17 family.(6) Several findings indi-
cate that IL-25 may be an important mediator of type 2 immune-pathologies by 
inducing and enhancing Th2 responses.(7-9) A possible role of IL-25 in food allergy 
remains to be investigated.

In the current study we addressed the question whether there is a different 
cytokine profile in plasma between peanut allergic and peanut tolerant children. 
A double-blind placebo-controlled food challenge (DBPCFC), the gold standard 
for the diagnosis of symptomatic food allergy, was performed to confirm the 
diagnosis of PA. To our knowledge no data of serum cytokine levels in children 
with PA are available. Furthermore, data on plasma levels of cytokines in patients 
with other food allergies are limited. Sutas et al found no significant difference 
in serum cytokine profile (IL-1ra, IL-4, IL-5, IL-6, IL-10, IFN-y and TGF-β) between 
atopic children with or without wheat allergy or CMA.(10) Another study conducted 
by Alonso et al. described significant higher serum IL-10 concentrations before 
food challenge in hazelnut tolerant patients compared to hazelnut allergic.(11) 
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Table 1. Characteristics peanut sensitised patients. Table 1A represents the characteristics of 
the peanut sensitised patients. Table 1B represents the clinical outcome of food challenge of the 
positive responders to peanut challenge. Patient no. 1-12: non-responders to peanut challenge. 
Patient no. 13-30: positive responders to peanut challenge.

Table 1A

No Sex Age 
(years)

Reason for 
peanut free  

diet
Asthma# Atopic 

dermatitis$

Specific 
IgE prior to 

test- day

SPT  
prior to 
test-day

1 M 10 Pr(S,C,D); Ps - + 4.0 <1

2 M 15 Pr(E); Ps + + 0.43 <1

3 M 14 E; CM-r; Ps - - <0.35 3

4 M 16 E; CM-r; Ps - - 2.0 2

5 M 4 E; CM-r; Ps - - 5.9 NP

6 F 3 E; CM-r; Ps - + 0.6 3

7 M 13 E; CM-r; Ps - + 1.1 2

8 M 4 E; CM-r; Ps + + 7.3 <1

9 M 15 E; Pr(AO); Ps - + 0.6 2

10 M 4 E; Pr(Ls); PsA + + 97.0 4

11 M 8 E; Egg-r; Ps - - 0.8 3

12 F 4 E; CM-r; Ps + + 1.1 2

13 M 5 E; CM-r; Ps - + >100 4.5

14 M 9 E; CM-r; Ps + - 2.2 1

15 F 16 Ps - - >100 3

16 M 7 E; Pr(AO,Cg), Ps - + 56.0 3.5

17 M 6 A; Pr(AO,D); Ps + - >100 4

18 F 7 A; Ps + + 1.9 4

19 M 4 E; Egg-r; Ps - + 3.5 NP

20 M 9 Vc; Ps + - >100 3

21 M 7 Ec; Pr(u,e); Ps + + 55.0 3

22 F 7 E; Egg-r; Pr(E); Ps + + 2.1 4

23 M 11 E; Egg-r; Ps - + 4.0 2

24 M 4 Ec; Ps; Pr(e) - + 6.0 2

25 F 6 E; CM-r; Ps - + 4.9 2

26 M 7 E; CM-r; Ps - - 15.5 3

27 M 5 E; CM-r; Ps + - 21.0 2

28 F 6 E; CM-r; Ps + + 5.3 3

29 M 6 E; CM-r; Ps + + 2.2 NP

30 F 5 E; CM-r; Ps - + NP 2
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The selection of the cytokines measured was mainly based on the proposed 
immunogenic role of different cytokines in food allergy. This selection included a 
broad panel of Th1 cytokines (IFN-y, IL-2, TNF-α), Th2-associated cytokines (IL-4, 
IL-5, IL-6, IL-10, IL-13, IL-25), Th17-associated cytokines (IL-1b, IL-6, IL-17, IL-22, 
IL-23), the Treg cytokine (IL-10), pro-inflammatory cytokines (IL-1, IL-6, IL-18, 
TNF-α, IL-2) and cytokines described to play an important role in lymphocyte 
survival and gut mucosal tolerance (IL-7, IL-15).

Children with suspected PA underwent a DBPCFC resulting in a positive 
(allergic) and negative challenge (tolerant) group. In these groups a broad panel 

Table 1B

No DBPCFC 
to peanut

Eliciting dose 
(milligram)†

Symptoms at 
elicitation

Final dose 
(milligram)‡

Symptoms 
at end of test Response∩

13 + WP P, U, V WP P, U, V 2

14 + 300 PT 3000 V, PT 3

15 + 100 PN, SA 300 V, D, N 4

16 + 100 PT 300 PT, AO 2

17 + 300 V 300 V 2

18 + 100 PT 3000 V, R 3

19 + WP V, P, UF, H WP V, P, UF, H 4

20 + 300 OA 1000 V, W 4

21 + 10 PM, PT 300 W 4

22 + 300 PM WP V, R, W 4

23 + 1000 SA, TA, Sw 1000 SA, TA, Sw 4

24 + 300 V 1000 V, R 3

25 + 300 SA, TA WP V, R 3

26 + WP V, F, U WP V, F, U 2

27 + 1000 V, Sn, R, E, C 1000 V, Sn, R, E, C 3

28 + 1000 SA 3000 V 3

29 + 1000 N, P 1000 Si 3

30 + 1000 W, AO 1000 W, AO 3

# Asthma diagnosed according to ATScriteria; $ Atopic dermatitis diagnosed according to 
criteria from Hanifin and Rajka; (14) † Dose at which first symptoms were present; ‡ Dose at 
which challenge was ended; ∩ Response according to the grading system as described by 
Sampson;(13) SPT, Skin Prick Test; DBPCFC, Double-Blind Placebo-Controlled Food Challenge; 
NP, Not performed; WP, Whole Peanut (10 g), Pr: Peanut response; Ls: Lip swelling; E: eczema; 
AO: Angioedema, SA: Stomach ache; V: Vomiting; C: Cough; D: Dyspnea; Cg: Congestion; Ps: 
Peanut sensitisation; Egg-r: allergic response to chicken egg; CM-r: allergic response to cow’s 
milk. R: rhinitis; P: pruritus; U: urticaria; PT: pruritus throat; PN: pruritius nose; Sn stomach ache; 
UF: urticaria face; H: hoarse; OA: oral allergy; PM: pruritius mouth; TA: throat ache; Sw: swelling 
throat; W: wheezing
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of cytokines were analysed in plasma. Our data demonstrate that IL-25 is highly 
elevated only in children with a positive food challenge to peanut indicating that 
IL-25 may play an important role in clinical reactivity to peanut. We extended this 
observation by comparing IL-25 levels in CMA patients (confirmed by DBPCFC), 
juvenile arthritis patients and healthy controls.

METHOdS
Study populations
Four distinct populations of patients were included in this study: first a group 
of children clinically suspected of PA and consecutively a group of children with 
symptoms suspected of CMA, juvenile idiopathic arthritis and healthy controls. 
The recruitment and diagnostic procedure used in the populations were different 
and therefore these will be discussed separately. 

Children suspected of PA
Thirty children suspected of peanut allergic disease based on a previous clinical 
response to peanut and/or either elevated specific IgE to peanut (ImmunoCap 
RAST >0.35 kU/L) or positive skin test to peanut (tested because of possible food 
related atopic dermatitis earlier in life) were referred to The Wilhemina Children’s 
Hospital, University Medical Center, Utrecht, The Netherlands for a DBPCFC 
to obtain certainty about the diagnosis of peanut allergy. Thirty children that 
underwent a DBPCFC on peanut between September 2005 and December 2007 
were enrolled in the study (table 1a). All children were on a peanut free diet 
months to years before the challenge was performed.

diagnostic procedure of children with symptoms suspected of peanut 
allergy
The DBPCFC to peanut was performed as a standardised test as previously 
described.(12) In brief, the test was performed in two series with increasing quantities 
of peanut. In the first series 100 mg, 1 mg, 10 mg, and 100 mg peanut are spread 
over 7 doses including 3 random placebo gifts. In the second series the doses 
were 300 mg and 1000 mg extended with 1 random placebo gift. The test was 
ended with an open challenge of 10 g. The subsequent doses were administered 
at time intervals of at least 30 min and after the final gift patients were kept under 
observation for 2 h. The challenge was discontinued when symptoms could be 
objectified by the paediatrician. A challenge was defined as positive according to 
the grading system of Sampson as described previously.(13) In short this system is 
based on the severity of combined symptoms of the skin, the gastro-intestinal and 
respiratory tract, as well as the cardiovascular and neurological system. Patients 
that were scored with grade 1 (only local skin symptoms and/or oral symptoms) 
were not included in the study.
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Children suspected of CMA
As a control group we included a younger food allergic group of children. Study 
group A consisted of 25 infants with CMA (age 2.5-8.9 months, mean 5.1) and 
16 non-allergic control subjects (age 3.1-7.2 months, mean 4.4 ) as has been 
described previously. In summary, infants aged equal or less than 12 months 
with symptoms suspected of CMA were referred from Baby Health Clinics in the 
region of Amsterdam to the Emma Children’s Hospital Academic Medical Center, 
Amsterdam, The Netherlands. All infants performed a diagnostic procedure, 
including a DBPCFC with CMP (Cow’s Milk Protein). CMA was diagnosed by a 
positive DBPCFC. Infants with a negative DBPCFC were included as non-allergic 
controls. Clinical reactions after discontinuation or within 2 hours after the 
highest dose were defined as early reactions, thereafter as late reactions. In total 
332infants that performed a DBPCFC to CMP between June 2006 and March 
2008 were enrolled in the study (table 2a). 

Children with juvenile idiopathic arthritis and healthy controls
We also compared our results to a healthy control group as well as children 
with juvenile idiopathic arthritis (JIA). The healthy control group consisted of 
children undergoing routine surgery with no clinical history of allergy. The JIA 
group consisted of children with JIA, a typical Th1/Th17-associated autoimmune 
disease, in various stages of the disease. Informed oral consent was obtained 
from all participants or their parents. The local medical ethics review boards 
approved the study.

diagnostic procedure of skin prick test
Skin prick tests were performed on the patient’s back with a standardized 
prick needle using commercial peanut extract (ALK-ABELLÓ, Nieuwegein, the 
Netherlands). Prior to the skin tests, patients discontinued antihistamines for 
at least 2 days. Histamine dihydrochloride (10 mg/ml) was used as a positive 
control, and the glycerol diluent of the SPT-extracts was used as a negative 
control (ALK-ABELLÓ). The wheal reaction was measured after 15 minutes and 
transferred with transparent adhesive tape onto a record sheet. The area of the 
skin wheal was determined by computer scanning. SPT responses were stand-
ardized by dividing the wheal area of the peanut prick by that obtained for the 
histamine control.

Blood samples
Peripheral blood samples were collected before challenge at the first day of the 
DBPCFC in both groups suspected of food allergy. Blood from the healthy non-
atopic controls was obtained prior to routine day surgery procedures on anaes-
thetic induction. From patients with junvenile idiopathic arthritis a blood sample 
was drawn during checkup in the hospital. Specific IgE was measured with the 
available technique in the hospital, either with RAST or CAP, which have similar 
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Table 2. Characteristics infants suspected of CMA. Table 2A represents the characteristics of 
the infants suspected of CMA. Table 2B represents the clinical outcome of food challenge of 
the positive responders to cow’s milk proteins. Patient no. 1-20: non-responders to cow’s milk 
challenge. Patient no. 21-32: positive responders to cow’s milk challenge. 

Table 2A

No Sex Age
(months)

Symptoms 
suspected of 

CMA

SCORAD-
index before 

elimination of CMP

SCORAD-index 
before active 

challenge

Specific IgE to 
CMP prior to 

test-day (kU/L)

1 F 3.1 AD 3.6 0.0 <0.35

2 M 3.4 D, C, IC - - <0.35

3 F 5.1 V, D, C, IC - - <0.35

4 M 3.2 AD* 0.0† 0.0 <0.35

5 M 3.1 AD, V, C, IC, W 4.5 7.6 <0.35

6 M 4.9 IC - - <0.35

7 F 4 V, C - - <0.35

8 F 4.5 AD*, C 0.0‡ 3.9 <0.35

9 M 3.7 V, C, IC - - <0.35

10 M 3.6 D, C, IC - - <0.35

11 F 4 AD, V, D, C, IC - - <0.35

12 M 3.9 D, C, IC - - <0.35

13 M 4 C, IC - - <0.35

14 F 5.4 AD, V, D - - <0.35

15 M 3.6 C, V, IC - - <0.35

16 F 7.3 AD, V, D, C 11.9 0.0 <0.35

17 M 6.5 D, C, IC, FT - - <0.35

18 M 6.8 V, D, C - - <0.35

19 M 7.2 AD*, V, D, W 0.0†‡ 0.0 <0.35

20 M 4.2 AD 8.4 0.0 0.35-0.7

21 F 2.6 AD, V, D, C, IC 4.3 0.0 <0.35

22 M 2.5 C, IC - - <0.35

23 M 4.3 AD, V, C, IC, W 7.8 11.6 <0.35

24 M 4.1 D, C, IC - - <0.35

25 M 5.3 AD 33.0 7.6 <0.35

26 M 4.3 AD, V, C 19.2 4.1 <0.35

27 M 5.5 AD, D, C 11.1 0.0 <0.35

28 F 5 AD, D 37.4 19.1 0.35-0.7

29 M 7 AD, V, C, FT 19.5 0.0 0.7-3.5

30 M 8.9 AD 6.7‡ 3.7 >17.5

31 F 7.6 D 18.8 7.6 3.5-17.5

32 F 5.8 AD, V, IC, FT 53.0 10.6 3.5-17.5

108



VI

PLA
SM

A
 IL-25 IS A

SSO
C

IA
TE

D
 W

ITH
 C

LIN
IC

A
L R

E
A

C
TIV

ITY TO
 PE

A
N

U
T

test results.. Peanut-specific IgE was measured by a Radio Allergo Sorbent Test 
(RAST) as described previously,(18) using 50 µl of plasma and Sepharose-coupled 
crude peanut extract (Sanquin, Amsterdam, The Netherlands). IgG4 against 
peanut was tested accordingly using 20 µl plasma; detection of solid phase-
bound IgG4 was performed with 125I-radiolabelled monoclonal against human 
IgG4. Total IgE was measured as described previously(19) using 10 µl of plasma. 
Dilutions from appropriate standard samples were used for quantification of spe-
cific and total IgE (kU/L), and IgG4 (arbitrary units per milliliter (AU/ml)). Cow’s 
milk specific IgE was determined by CAP System FEIA (Pharmacia Diagnostics, 
Uppsala, Sweden). 

Multiplex Immuno-assay
Antibody pairs and recombinant proteins for 18 cytokines (listed in table 2) 
were purchased from commercial sources as described previously.(19;20) In short, 
plasma samples were pre-incubated on protein-L plates (Pierce, Thermofisher 
Scientific, Etten-Leur, The Netherlands) for 1 hour at room temperature to reduce 

Table 2B

No DBPCFC 
to CMP

Symptom(s) 
after challenge

SCORAD- index after 
active challenge

Eliciting dose 
(milligram)$ Response∩

21 + C 0.0 3000 Late

22 + C, D - 3000 Late

23 + C 12.1 3000 Late

24 + C - 3000 Late

25 + FAD, P, U 18.1 30 Early

26 + FAD, P, U 8.4 300 Early

27 + P, F, AO 0.0 0.03 Early

28 + FAD, P, F, D 30.4 0.3 Early

29 + P, U 0.0 300 Early

30 + F, U, C 3.7 30 Early

31 + P, F, U, AO 7.6 3 Early

32 + FAD, P 36.9 300 Early

AD: Atopic Dermatitis diagnosed according to criteria form Hanifin and Rajka;(14) P: Pruritus; 
U: Urticaria; FAD: Flare-up of Atopic Dermatitis; AO: Angioedema; F: Flush; V: Vomiting; D: 
Diarrhoea, C: Colic; IC: Inconsolable Crying; FT: Failure To Thrive; W: Wheezing; CMA: Cow’s 
Milk Allergy; SCORAD index: Scoring Atopic Dermatitis;(15) DBPCFC: Double-Blind Placebo-
Controlled Food Challenge; CMP: cow’s milk protein. * Diagnosis of atopic dermatitis estab-
lished prior to first visit to clinic by Baby Health Clinic physician; † Cow’s milk protein free diet 
started before first visit to clinic; ‡ Topical steroids used before first visit to clinic; $ Dose at 
which symptoms were present; ∩ Late allergic reaction: symptoms occurred more then two 
hours after the challenge was completed; Early allergic reaction: symptoms appeared within two 
hours after the eliciting dose.
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aspecific immunoglobulin binding as previously described.(20) Calibration curves 
from recombinant protein standards were prepared using two-fold dilution steps. 
Samples were measured and blank values were subtracted from all readings. All 
assays were carried out directly in a 96 well 1.2 µm filter plate (Millipore, Billerica, 
MA, USA) at room temperature and protected from light. A mixture containing 
microspheres for each mediator (total volume 10 µl/well) was incubated together 
with a standard, sample, or blank for 1 hour at room temperature. Next, 10 µl of 
a cocktail of biotinylated antibodies was added to each well and incubated for 
an additional 60 minutes. After washing beads were incubated with 50 ng/well 
streptavidin R-phycoerythrin (BD Biosciences, San Diego CA, USA), fluorescence 
intensity of the beads was measured in a final volume of 100 µl HPE-buffer 
(Sanquin Reagents, Amsterdam, the Netherlands). Measurements and data 
analysis of all assays were performed using the Bio-Plex system in combination 
with the Bio-Plex Manager software version 4.1 using five parametric curve fitting 
(Bio-Rad Laboratories). The lower limit of detection (LLOD) values are indicated 
in table 2.

Statistical analysis
Basic descriptive statistics were used to describe the patient population. The non-
parametric Mann Whitney U test was applied to determine significant differences 
between the positive and negative challenge groups regarding cytokine and 
immunoglobulin production. A p-value < 0.05 was considered significant (SSPS 
Statistical Program, version 15.0; SPSS Inc, Chicago, Ill).

RESULTS
Patient characteristics
Eighteen patients (age: 3-16 years, median 9.0) with a positive DBPCFC to peanut 
and twelve patients (age: 4-17 years, median 6.0) with a negative DBPCFC to 
peanut were included in the study (table 1b). None of the patients had only oral 
allergy symptoms, and all patients had a Sampson-anaphylaxis-score >1. 

Twelve infants (age: 2.5-8.9 months, median 5.2) with a positive DBPCFC 
to CMP and twenty infants (age: 3.1-7.3 months, median 4.0) with a negative 
DBPCFC to CMP were included (table 2b). 

Furthermore, a healthy control group (n=20; age 1-11 years: median 4) and a 
group of children with juvenile idiopathic arthritis, a Th1 disease (n=20; age 4-12 
years; median 8) were included in this study.

Food-specific IgE and IgG4
In the group of children suspected of PA, peanut-specific IgE and IgG4 and total 
IgE levels were measured in plasma collected on the day of the challenge (figure 
1 A-C) to determine the status of sensitisation to peanut at the time of challenge 
and to associate the outcome of the challenge response with antibody levels. As 
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expected, levels of peanut-specific plasma IgE were significantly higher in the 
responding (median 8.6 (IQR: 4.6 – 100) kU/L) than in the non-responding group 
(median 2.9 (IQR: 0.5 – 7.8) kU/L) (figure 1A). However, especially in the positive 
challenge group, a large variation was observed with peanut-specific IgE levels 
ranging from 1.1 – 100 kU/L. Furthermore, the majority (10 out of 18) of patients 
within the positive challenge group showed levels below 10 kU/L indicating that 
low peanut-specific IgE did not exclude clinical reactivity to peanut. Levels of 
peanut-specific IgG4 (figure 1B), another Th2-associated immunoglobulin, were 
also significantly higher in the responder (median 8.0 (IQR: 3.7 – 10.8) AU/ml) 
versus non-responder group (median 3.2 (IQR: 1.1 – 5.0) AU/ml). No difference in 
total IgE levels was found between the 2 groups (figure 1C). These results show 
the significance as well as the limitations of specific IgE. 

In the group of patients suspected of CMA, CMP specific IgE levels were 
determined on the first day of the DBPCFC prior to the challenge. In the group of 
infants with a positive DBPCFC 42% had raised CMP specific IgE levels compared 
to 5% in the group infants with a negative DBPCFC. Therefore, in children with a 
suspected CMA and a favorable response to elimination of CMP, elevated serum 
CMP specific IgE levels were associated with a positive outcome of the DBPCFC 
(p≤0.05). However, the detection of elevated CMP specific IgE levels in the child 
with a negative DBPCFC again illustrates that more mediators contribute to a 
food allergic response. 

Figure 1. Antibody levels in plasma of peanut-sensitised patients. Using a radio allegro sorbent 
test, antibody levels were measured in plasma samples of 30 sensitised children. The data are 
presented on a logarithmic scale. Results are plotted in box-plots with single dots representing 
individual patients. In white (n=12) peanut-non-responders, in grey (n=18) clinical responders to 
peanut. *, significantly different (p <0.05). Figure 1a: Peanut-specific IgE levels (kU/L); Figure 1b: 
Peanut-specific IgG4 levels (AU/ml)); Figure 1c: Total IgE levels (kU/L).
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Cytokine serum levels in children suspected of peanut allergy 
No significant differences were found for the majority of cytokines, namely IL-1α, 
IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-10, IL-12, IL-13, IL-15, IL-22 IL-23, TNF-α and 
IFN-γ. Levels of the classical Th2 cytokines IL-4, IL-5, and IL-13 were very low 
(< 5pg/ml) and most of the time not detectable at all (figure 2). In contrast, a 
striking difference was found for the type 2-related cytokine IL-25. Whereas plasma 
IL-25 was not detected in any of the children with a negative challenge response, 
plasma IL-25 was highly elevated in 6 children of the positive challenge group 
(figure 3A). In all these children the IL-25 concentration was very high, with levels 

IL25 IL17 IL1a IL1b IL2 IL4 IL5 IL6 IL7 IL10 IL12 IL13 IL15 IL18 IL22 IL23 TNFα IFNγ
1
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22
23
24
25
26
27
28
29
30

ND LLOD 100 101 102 103 104

Figure 2. Cytokine profile in peanut-sensitised patients. Using a multiplex assay 18 cytokines 
were measured in plasma samples of 30 sensitised children. The cytokine levels (in pg/ml) are 
presented in a colour profile to show differences between patients that have responded positive 
and negative to the peanut challenge. Patient numbers correspond to numbers in table 1. Patient 
no. 1-12: non-responders to peanut challenge; Patient no. 13-30: positive responders to peanut 
challenge. IFN: interferon; IL: interleukin; ND: not detected.
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ranging up to 13000 pg/ml. Elevated plasma IL-25 did not associate with severity 
of symptoms or the presence of asthma and atopic dermatitis. Plasma IL-25 also 
did not associate with peanut-specific IgE levels (data not shown) indicating that 
IL-25 is not a specific inducer of IgE, nor did it associate with other production 
of cytokines, including IL-17, another member of the IL-17 family. IL-17 often, 
implicated in autoimmune disease, was however significantly lower in the positive 
challenge than in the negative challenge group (p<0.01) (figure 3B). 

Cytokine serum levels in children suspected of cow’s milk allergy, 
juvenile idiopathic arthritis and healthy controls 
As IL-25 is a relatively new cytokine, which has not been previously studied in 
plasma-samples of food allergic individuals, we wanted to know how unique 
this finding is. We therefore measured IL-17 and IL-25 and the conventional Th2 
cytokines IL-4, IL-5 and IL-13 in three control groups: 1) a younger food allergic 
group of children (n=32); an age-matched healthy control group (n=20) and an 
age-matched group of children with juvenile idiopathic arthritis, which is a typical 
Th1/Th17-disease (n=20). 

Figure 3. IL-17 and IL-25 plasma levels in peanut sensitised patients. Using a multiplex assay 
cytokines of the IL-17 family were measured in plasma samples of 30 peanut-sensitised children. 
The cytokine levels (in pg/ml) are presented on a logarithmic scale and are plotted in box-
plots. With open circles are (n=12) peanut-non-responders and in closed circles (n=18) clinical 
responders to peanut are presented.. ND: not detected; *, significantly different (p < 0.05); 
** significantly different (p < 0.01). A) IL-25 levels. B) IL-17 levels.
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Similar to the infants suspect for PA, the levels of the Th2 cytokine IL-4, IL-5 
and were mostly not detectable and below the LLOD in the plasma of the infants 
suspected of CMA. In contrast, no IL-17 was detectable in the plasma of the 
infants suspected for CMA (figure 4). In the group of children with JIA IL-4 and 
IL-5 were mostly not detectable in plasma, while IL-13 was measured in 5 out 
of 12 children of which most values were below the LLOD. In the plasma of the 
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Figure 4. Cytokine profile in infants suspect for CMA who performed a positive or negative 
DBPCFC. Using a multiplex assay 9 cytokines were measured in plasma samples of 32 infants 
suspect for CMA. The cytokine levels (in pg/ml) are presented in a colour profile to show differ-
ences between the control groups. Patient numbers of the infants suspect for CMA correspond to 
numbers in table 2. Patient no. 1-20: non-responders to cow’s milk challenge; Patient no. 21-32: 
positive responders to cow’s milk challenge. IFN: interferon; IL: interleukin; TNF: Tumor Necrosis 
Factor; ND: not detected.
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children included as healthy controls no IL-4 was detectable, 4 out of 20 children 
had raised plasma levels of IL-13 and IL-5 was elevated in 2 out of 20 children.

IL-25 was significantly higher in children with a clinical response to peanut, 
compared to healthy controls and children with juvenile arthritis (figure 5a and 
5b). The highly elevated levels of IL-25 as seen in peanut allergic children were 
not measured in any of the children of the control groups. In the infants suspected 
of CMA allergy we did however measure low levels of IL-25. The frequency of 
elevated levels showed a similar pattern as in peanut allergy: 5 out of 12 CMA 
proven patients had elevated IL-25 (5c) In addition we measured low levels of 
IL-25 in two children of the non-atopic healthy control group and two of the 
non-CMA allergy group (figure 5e and 5f). These results suggest that IL-25 is a 
cytokine secreted only in high amounts in peanut allergic children and that the 
IL-17 cytokine family plays a role in peanut allergic disease.

Figure 5. IL-25 plasma levels. IL25 plasma levels in peanut sensitised children with a positive or 
negative DBPCFC to peanut (figure 5a and 5b), infants suspect for CMA who performed a positive 
or negative DBPCFC to CMP (figure 5c and 5d), healthy controls (5e) and children with JIA (5f). 
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dISCUSSION
Peanut allergy is an emerging health problem affecting about 1% of the children. 
Previous studies on peanut allergy, as well as our study, show that peanut specific 
serum IgE is the major predictor of sensitization to peanut. Peanut sensitised 
subjects however not always have a clinical response to peanut. 

In the current study a broad panel of cytokines in addition to antigen-specific 
antibodies was determined in peanut sensitized children who all underwent a 
DBPCFC for peanut to accurately define clinical reactivity. We show that the 
presence of the recently described cytokine IL-25 in plasma is highly secreted 
only in children with a peanut allergic response. In contrast to Th2 cytokines, 
which were, if at all, only detected at very low levels, plasma IL-25 was present 
in very high levels and was positively associated with a clinical response to 
peanut. Interestingly, no association was found between the presence of IL-25 
and specific IgE levels indicating that IL-25 may play an important additional role 
in the mechanism of a peanut allergic response. It is also remarkable that IL-25, in 
contrast to other Th2 cytokines seems to be chronically elevated in this sub-group 
of peanut allergic children, even though all these children are on a peanut-free 
diet. This may suggest that elevated plasma IL-25 is a sign of chronic immune 
activation that is not induced by the provoking allergen itself. Our data in age-
matched healthy controls and in children with chronic autoimmune inflammation 
also indicate that elevated IL-25 is strongly and specifically associated with a Th2-
type inflammatory disease. 

In infants suspected of CMA we only detected low levels of IL-25. Although 
these levels were even below the LLOD, the frequency of patients in which 
IL-25 was measured was significantly higher and showed the same pattern as in 
peanut allergy. Further analysis of these data showed that 4 of the 5 infants with 
elevated IL-25 in the CMA group had elevated levels of specific foods later in life 
(data not shown). This might suggest that at a younger age, when sensitization 
is established IL-25 does not play a major role, but that it does play a role in the 
further development and persistence of atopy and food allergy. These findings 
warrant further data showing the relevance of elevated IL-25 in a larger cohort of 
patients as well as in other (food) allergies.

Our data raise questions about the source and trigger of IL-25 in these children 
and the possible relation with food allergic reactions. IL-25 was initially described 
as a type 2 cytokine produced by Th2 cells,(7) mast cells,(21) and activated eosinophils 
and basophils.(9) The IL-17 family consists of cytokines that are important in 
immune regulation. IL-17 is associated with pro-inflammatory immune responses 
in autoimmune disease and is particularly important in neutrophil recruitment and 
activation. IL-25 is structurally related to IL-17, however its biological effects differ 
dramatically from, and even oppose that of IL-17 and other members of the IL-17 
family.(6) Several findings indicate that IL-25 may be an important mediator of type 
2 immune-pathologies by inducing and enhancing Th2 responses. For example, 
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in mice, intranasal administration of IL-25 triggers an asthma-like disease(7) and 
transgenic over-expression of IL-25 results in eosinophilia, elevated IgE antibody 
levels and increased Th2 cytokine production.(8) In humans elevated expression of 
IL-25 and IL-25R transcripts has been found in asthmatic lung tissues and atopic 
dermatitis skin lesions.(9) Recent data suggest that IL-25 may also play a role in the 
innate response since lung and gut epithelial cells and alveolar macrophages also 
have been shown to produce IL-25.(22;23) Increased production of IL-25 triggered 
by environmental antigens in the gut or lungs might contribute to persistence 
of atopy and allergy by promoting Th2 differentiation and the maintenance of 
allergen specific Th2 memory cells. Furthermore, commensals in the gut have 
been shown to induce expression of IL-25 by epithelial cells, thereby limiting 
pro-inflammatory responses via direct regulation of the IL-23-IL-17 axis,(23) which 
fits with our finding of significantly less IL-17 in plasma of children with a positive 
peanut challenge than those with a negative clinical response.

In conclusion, this study is the first to show that IL-25 is highly elevated in peanut 
allergic children and suggests a role for IL-25 in the pathogenesis of food allergy.
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