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Background: Although food protein-induced enterocolitis syndrome (FPIES) is supposed to be caused by
inflammation, the role of cytokines has not yet been clarified.
Methods: To elucidate the role of cytokines in the development of symptoms and abnormal laboratory
findings at an oral food challenge (OFC), changes in serum cytokine levels were analyzed for 6 OFCs in 4
patients with FPIES. The result of OFC was judged positive if any gastrointestinal (GI) symptoms (vom-
iting, diarrhea, or bloody stool) were induced.
Results: Among 11 cytokines profiled, serum levels of interleukin (IL)-2, IL-5, and IL-8 were clearly
increased in all 4 positive OFCs in which elevations of the serum level of C-reactive protein (CRP) and
peripheral blood neutrophilia were also seen. The level of serum IL-10 also rose in 2 positive OFCs.
Remarkable increases in the serum level of interferon-gamma (IFN-g), tumor necrosis factor-alpha (TNF-
a), IL-6, and IL-12 were observed in a positive OFC where the serum level of CRP rose markedly (6.75 mg/
dL). The serum levels of IL-5 were also elevated in 2 negative OFCs. No apparent specific correlations
were found between cytokines and GI symptoms.
Conclusions: These results suggest that IL-2 and IL-8 are involved in the antigen-specific immune re-
sponses in most patients with FPIES. Further studies are needed to elucidate the significance of these
cytokine in the pathogenesis of FPIES.
Copyright © 2016, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Food protein-induced enterocolitis syndrome (FPIES) is a rela-
tively rare disease characterized by gastrointestinal (GI) symptoms
such as vomiting and diarrhea without any reactions in the skin or
the respiratory tract.1,2 It usually develops in neonates or infants
after ingesting cowmilk (CM) formula. The pathology of the disease
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is the inflammation of the intestine.3,4 Since food-specific IgE
antibody (sIgE) is seldom detected in patients with FPIES,5 it is
classified as a subtype of non-IgE-mediated gastrointestinal food
allergy.1 By contrast, the proliferation of peripheral blood lym-
phocytes stimulated with causative food proteins is shown to be
increased in most cases.6e8 Thus, cell-mediated hypersensitivity is
supposed to play an important role in the pathogenesis of the
disease.

However, little is known about the pathophysiology of FPIES. So
far, some laboratory and experimental findings that might reflect
the pathophysiology of FPIES have been reported. Increases in the
absolute neutrophil count (ANC)9 and the serum level of C-reactive
protein (CRP)10 were induced in oral food challenge (OFC).
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Correspondently, an increased production of tumor necrosis factor-
alpha (TNF-a) in the intestinal tissue was demonstrated.11 On the
other hand, an increased production of Th2 or Th2-inducing cyto-
kines has also been demonstrated in the serum of the patients12

and in the culture supernatant of peripheral blood mononuclear
cells stimulated with CM proteins.13 These findings might be
related to eosinophilia in the peripheral blood14 or the intestinal
tissue.1

However, the role of those cytokines in the development of GI
symptoms or abnormal laboratory findings has not yet been clari-
fied. In order to find a clue about the role of cytokines, we analyzed
the alteration of serum cytokine levels at OFCs in patients with
FPIES.
Methods

Subjects

Four patients with FPIES, who were referred to our institute
between January 1, 2013, and May 31, 2016, were enrolled in this
study (Table 1). The causative food was CM formula in all cases.
Diagnosis of FPIES was made according to the following criteria
defined by the Japanese Guidelines for Food Allergy 201415: 1)
development of GI symptoms without symptoms typically seen in
IgE-mediated food allergy after the ingestion of causative food, 2)
disappearance of symptoms after discontinuing intake of causative
food, 3) reproducibility of symptoms at OFC with CM formula, and
4) exclusion of other diseases such as infections, surgical problems,
and so on. The reproducibility of GI symptoms by an accidental re-
exposure to the CM formulawas considered equivalent to a positive
response during planned OFC. These criteria correspond to that
utilized in a recent large-scale study.16 If a patient received OFC
twice, the first and second OFC are represented by the patient
number attached with Roman numerals I and II, respectively
(Table 1).

This study was approved by the ethics committee of Shizuoka
Children's Hospital and the Faculty of Medicine, University of
Toyama. Informed consent was obtained from the parents before
the subjects were included in the study and data were collected
from the medical records.
OFC

A planned OFC was performed according to a stepwise daily
incremental protocol, which was made to reduce the incidence of
severe reactions.10 The volume of the CM formula on the first day
was 5mL/kg (up to 50mL), which was increased the next day to the
volume usually ingested by the subject if no symptoms were seen.
In cases where symptoms at onset or previous OFC were very
Table 1
Demographic and clinical profiles of subjects.

No Sex GA (w) BW (kg) At onset

Age Symptom CM-sIgE CRP ALST

P1 M 37 3.1 1 d V, Fe <0.35 9.32 þ

P2 M 39 3.0 7 d V, D, B, Fe 8.33 13.4 þ

P3 M 38 3.2 6 d V, D, De <0.35 0.88 þ
P4 F 38 2.6 1 m D, B <0.35 <0.2 þ

Demographic data of subjects at the onset and during OFC were shown in addition to th
ALST, allergen specific lymphocyte stimulation test; B, bloody stool; BW, birth weight; CM
female; Fe, fever; GA: gestational age (week); m, month; M, male; N, negative; No, patien
times of OFC; P, positive; sIgE, specific IgE (kU/L); V, vomiting; W, body weight.
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severe, the volume of the CM formula on the first day was reduced
to 1 mL/kg (up to 5 mL), and was doubled daily to the volume
usually ingested by the subject if OFC was uneventful. If any
symptoms developed, no more CM formula was given thereafter.

The result of OFC is judged positive if any GI symptoms (vom-
iting, diarrhea, or bloody stool) were induced.

Measurement and grading of cytokines

Blood samples were obtained before challenge of the CM for-
mula and daily thereafter until the end of the OFC. If any symptoms
were observed, an extra blood sample was collected six hours after
the last ingestion of CM formula to examine the early responses.

Serum levels of the following cytokines were measured by flow
cytometry with Diaclone DIAplex Immunoassay Kit (Gen-Probe
Diaclone SAS, Besançon, France) according to manufacturer's in-
structions: IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IL-17A, interferon-
gamma (IFN-g), TNF-a, and IL-1b. The serum level of IL-5 was also
measured by flow cytometry with human Th1/Th2 cytokine kit
(Cytometric Bead Array, Becton Dickinson Biosciences, CA, USA).

The changes in the serum cytokine level after the challenge of
the CM formula were graded by comparisonwith the pre-challenge
level and expressed as follows: mild increase (þ), more than 50% to
less than 100%; moderate increase (þþ), more than 100% to less
than 500%; and remarkable increase (þþþ), more than 500%. In
order to calculate, cytokine levels lower than the lower limit of the
sensitivity of the kit were substituted arbitrarily by the lower limit
of the sensitivity.

Measurement and grading of CRP level, and absolute number of
neutrophils and eosinophils

Serum CRP level, ANC, and absolute eosinophil count (AEC) were
measured at the same time points as the measurement of cytokine
profile.

The increase in the serum CRP level, ANC, and AEC was graded
into 3 stages and expressed as follows: CRP: mild increase (þ), less
than0.5mg/dL;moderate increase (þþ), from0.5mg/dL to less than
2.0 mg/dL; remarkable increase (þþþ), 2.0 mg/dL or higher; ANC:
mild increase (þ), less than 1000/mL; moderate increase (þþ), from
1000/mL to less than 3500/mL: remarkable increase,more than 3500/
mL; AEC:mild increase, less than 50/mL; moderate increase, from50/
mL to less than 200/mL; remarkable increase, more than 200/mL.

Other laboratory examinations

CM-sIgE level was measured using the ImmunoCAP system
(Thermo Fisher Scientific Inc., Tokyo, Japan). CM-specific lympho-
cyte proliferation (Allergen-specific lymphocyte stimulation test
At OFC

No-O Age W (kg) OFC-N Symptom OFC result CM-sIgE

P1-I 19 m 12.3 3 V, Fe P 0.71
P1-II 30 m 14.7 4 V P 1.04
P2-I 12 m 8.2 3 D, Fe P <0.35
P2-II 18 m 9.7 4 None N <0.35
P3 1 m 4.0 1 D, Fe P <0.35
P4 7 m 7.1 2 None N <0.35

e clinical and laboratory findings.
, cow milk; CRP, C-reactive protein (mg/dL); d, day; D, diarrhea; De, dehydration; F,
t number; No-O, patient number at OFC; OFC, oral food challenge; OFC-N, number of
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(ALST) for CM) was commercially measured by BML Inc. (Saitama,
Japan) according to the previously reported method.17 The con-
centrations of CM proteins used for stimulation of lymphocytes
were as follows: as-casein, 50 mg/mL; b-casein, 400 mg/mL; k-
casein, 100 mg/mL; b-lactoglobulin, 200 mg/mL; and lactoferrin,
100 mg/mL. The concentration of endotoxin was managed to be
lower than 100 pg/mL. The positivity in the test was determined
based on the upper limit of the normal range.

Results

Subject profiles

Three of 4 subjects were male (Table 1). The median gestational
age was 38 weeks (range 37e39 weeks), and the median birth
weight was 3.1 kg (range 2.6e3.2 kg). The age of onset ranged from
1 day to 1 month after birth. CM-sIgE was not detected in 3 of 4
subjects, while all 4 subjects showed positive results in ALST for
CM. Serum level of CRP was increased in 3 out of 4 patients.

At the time of OFC, age ranged from 1 to 30 months (median 15
months) and body weight ranged from 4.0 to 14.7 kg (median
9.0 kg). Four OFCs were positive and two were negative. CM-sIgE
was negative in 4 of 6 OFCs. In addition to GI symptoms, fever
was seen in 3 positive OFCs (P1-I, P2-I, P3).
Table 2
Summary of the symptoms, laboratory findings, cytokine profiles.

OFC No Pt No-O Symptom OFC result CRP ANC AEC

O1 P1-I V, Fe P þþ þþþ e

O2 P1-II V þþ þþ þþ
O3 P2-I D, Fe þþ þþþ e

O4 P3 D, Fe þþþ þþ e

O5 P2-II None N e þþ þþþ
O6 P4 None e e e

The changes in laboratory data and serum cytokine levels are summarized. Data of IL-4, IL-
in the serum cytokine level, the serum CRP level, ANC and AEC were graded as follows: cy
more than 100% to less than 500%; and remarkable increase (þþþ), more than 500%; CRP
less than 2.0 mg/dL; remarkable increase (þþþ), 2.0 mg/dL or higher; ANC: mild increase
remarkable increase, more than 3500/mL; AEC: mild increase, less than 50/mL; moderate
AEC, absolute eosinophil count; ANC, absolute neutrophil count; B, bloody stool; CRP,
positive; Pt No-O, patient number at OFC; V, vomiting.

Table 3
Time course of serum cytokine levels and laboratory data.

OFC No Pt No-O Symptom Time (h) Laboratory data Cytokine-A

CRP ANC AEC IL-2 IL-5

O1 P1-I V, Fe 0 <0.2 0 0 25.7 1.
6 <0.2 7014 �268 81.4 27.

24 0.70 1244 �189 25.7 6.
O2 P1-II V 0 <0.2 0 0 23.8 0.

6 <0.2 2847 �61 170.3 2.
24 0.59 �369 53 22.4 1.

O3 P2-I D, Fe 0 <0.2 0 0 21.4 3.
6 <0.2 7424 �371 50.8 7.

24 0.90 1128 �285 25.3 2.
O4 P3 D, Fe 0 <0.2 0 0 39.3 2.

24 0.70 106 �33 61.7 3.
30 1.63 2890 �165 52.2 3.
48 6.75 1711 �214 36.0 4.
72 4.96 �867 �16 43.8 3.

O5 P2-II None 0 <0.2 0 0 25.3 4.
24 0.2 1855 256 22.4 8.

O6 P4 None 0 <0.2 0 0 50.8 0.
72 <0.2 �1881 �40 48.2 14.

Alteration of laboratory data and serum cytokine levels during OFC were shown. The c
Cytokine-A, cytokines increased after ingestion of food; Cytokine-B, cytokines poorly or
ANC, absolute neutrophil count (/mL); AEC, absolute eosinophil count (/mL); B, bloody stoo
No-O, patient number at OFC; V, vomiting.
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Laboratory findings

An increase in the serum CRP level was seen in all 4 positive
OFCs (O1e4): 3 patients with moderate increases (0.5 to <2.0 mg/
dL) (O1e3) and 1 patient with a remarkable increase (�2.0 mg/dL)
(O4) (Table 2, 3). An increase in the serum CRP level was not seen in
2 negative OFCs.

An increase in ANC was also seen in all 4 positive OFCs: 2
moderate increases (1000 to <3500/mL) (O2, 4) and 2 remarkable
increases (�3500/mL) (O1, 3). As for AEC, a moderate increase was
seen in a positive OFC (O2), and a remarkable increase was
observed in a negative OFC (O5) (Table 2, 3).

Cytokines increased in positive OFCs

Serum levels of IL-2, IL-5 and IL-8 were found to rise after 4
positiveOFCswhereelevations of the serumCRP level andANCwere
also caused (Table 2, 3). Regarding IL-5, mild (O5) and remarkable
(O6) increases in the serum level were also seen after 2 negative
OFCs.

Serum levels of IL-10 increased in 2 positive OFCs (O1, 2) per-
formed consecutively on the same subject (P1). Increases in serum
level of IFN-g, IL-6, TNF-a, and IL-12 were observed in a positive
OFC (O4) with a remarkable increase in the serum CRP level.
IL-2 IL-5 IL-8 IL-10 IFN-g IL-6 TNF-a IL-12

þþ þþþ þþ þþþ e e e e

þþþ þþ þþþ þþþ e e e e

þþ þþ þþþ e e e e e

þ þ þ e þþþþ þþþ þþþ þþ
e þ e e e e e e

e þþþ e e e e e e

17A, and IL-1b is excluded because their responses are poor or irregular. The changes
tokine: mild increase (þ), more than 50% to less than 100%; moderate increase (þþ),
: mild increase (þ), less than 0.5 mg/dL; moderate increase (þþ), from 0.5 mg/dL to
(þ), less than 1000/mL; moderate increase (þþ), from 1000/mL to less than 3500/mL:
increase, from 50/mL to less than 200/mL; remarkable increase, more than 200/mL.
C-reactive protein; D, diarrhea; Fe, fever; N, negative; OFC, oral food challenge; P,

(pg/mL) Cytokine-B (pg/mL)

IL-8 IL-10 IFN-g IL-6 TNF-a IL-12 IL-4 IL-17A IL-1b

6 135.5 <1 193.5 <1 <1 11.2 3.16 <1 30.8
3 518.1 14.0 162.7 <1 <1 10.6 <1 <1 23.4
2 80.3 <1 129.4 <1 <1 10.1 6.02 <1 <1
8 <1 <1 40.9 <1 <1 8.8 <1 <1 <1
9 210.4 5.7 59.2 <1 <1 9.3 <1 <1 <1
5 <1 <1 48.2 <1 <1 8.8 <1 <1 <1
4 7.1 <1 57.1 <1 <1 9.1 <1 <1 <1
2 216.3 <1 63.3 <1 <1 9.3 3.16 <1 <1
7 9.0 <1 50.5 <1 <1 9.4 3.16 <1 <1
7 367.1 <1 389.3 <1 <1 19.7 0.42 <1 <1
7 649.5 <1 789.9 10.7 33.0 33.5 16.37 <1 <1
4 501.2 <1 3094.2 8.4 <1 52.2 13.53 <1 <1
7 403.4 <1 695.6 <1 <1 19.9 <1 <1 <1
5 535.5 <1 550.5 <1 <1 25.6 <1 <1 <1
4 <1 <1 <1 <1 <1 8.7 7.4 <1 <1
6 <1 <1 <1 <1 <1 8.7 <1 <1 <1
8 236.4 <1 261.5 <1 <1 16.2 <1 <1 <1
8 185.8 <1 210.9 <1 <1 13.7 <1 <1 43.1

hange of ANC and AEC was shown as the differences from data before OFC (/mL).
irregularly increased after ingestion of food.
l; CRP, C-reactive protein (mg/dL); D, diarrhea; Fe, fever; OFC, oral food challenge; Pt
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There were no clear specific correlations between cytokines and
GI symptoms except that vomiting was seen at 2 OFCs in which the
serum IL-10 level rose (O1,2).

Cytokines increased poorly or irregularly in positive OFCs

Changes in serum levels of IL-4 and IL-1b were irregular
(Table 3). Serum levels of IL-4 were increased in some positive OFCs
(O3, 4), but decreased in other case (O1). Although serum IL-1b
could be detected in a positive OFC (O1), it lowered after ingestion
of food. On the contrary, the serum level of IL-1b rose after inges-
tion of food in a negative OFC (O6). Serum levels of IL-17A did not
show any increase.

Time course of serum cytokine levels

Serum levels of IL-2 and IL-8 reached their peak values simul-
taneously 6 h after ingestion of CM formula and returned to pre-
Fig. 1. Time course of cytokines at a positive OFC. Time course of serum cytokine levels at
cytokines reached the peak 6 h after ingestion of CM formula and returned to the pre-stim

Fig. 2. Alteration of cytokines at a positive OFC with a remarkable increase in serum CRP l
increase in the serum CRP level was observed, is shown in addition to the symptoms and the
such as TNF-a, IFN-g, IL-6 was seen along with IL-12. The serum level of IL-5 was multip
challenge.

Please cite this article in press as: Kimura M, et al., Cytokine profile after o
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stimulation levels within 24 h in 3 positive OFCs (O1-3) (Table 3,
Fig. 1). In these patients, moderate increases in the serum CRP level
were also observed 24 h after ingestion of food. IL-10 showed a
similar time course to IL-2 and IL-8 in 2 positive OFCs (O1, 2). By
contrast, an increase in the serum level of IL-2, IL-5, IL-6, IL-8, IL-12,
and IFN-g persisted for more than 24 h in a positive OFC (O4)
(Fig. 2). In this OFC, serum levels of IL-2, IL-6, IL-8, and TNF-a were
first to reach their peak levels, being followed by IFN-g and IL-12.

Increases in the serum level of IL-5 persisted for more than 24 h
in 3 out of 4 positive OFCs (O1, 2, 4) and 2 negative OFCs (O5, 6)
(Table 3).

Discussion

Although cell-mediated hypersensitivity is assumed to be a
major immunological mechanism of FPIES, little is known about
its pathogenesis or pathophysiology. A cytokine profile may be a
useful tool to elucidate the function and role of allergen-specific
a positive OFC (O1) was shown along with symptoms and the serum level of CRP. All
ulation level 24 h. CRP, C-reactive protein (mg/dL); OFC, oral food challenge.

evel. Time course of serum cytokine levels at a positive OFC (O4), where a remarkable
serum CRP level. A marked increase in the serum levels of proinflammatory cytokines,
lied by 10 to make the change clear. CRP, C-reactive protein (mg/dL); OFC, oral food

ral food challenge in infants with food protein-induced enterocolitis
it.2016.12.001



M. Kimura et al. / Allergology International xxx (2016) 1e6 5
lymphocytes in the pathogenesis of FPIES. TNF-a was shown to
be expressed in the intestine.11 Many cytokines are reported to be
produced by peripheral blood lymphocytes when stimulated
with CM proteins.13 However, the role of each cytokine in the
development of GI symptoms has not yet been confirmed. In this
study, we attempted to elucidate the pattern of cytokine increase
in the serum of FPIES patients challenged with the CM formula.
The results revealed that the serum levels of IL-2, IL-5, and IL-8
were consistently increased in all positive OFCs in patients with
FPIES.

IL-2 is a representative Th1 cytokine and activates T cells, B cells,
and monocytes/macrophages.18 The fact that serum level of IL-2
increased in all positive OFCs suggests that IL-2 from Th1 cells
may play a significant role in the pathogenesis of FPIES. The pa-
thology of FPIES is presented as the inflammation of the intestine.3,4

Although chronic inflammatory bowel diseases, such as Crohn's
disease and ulcerative colitis, are also caused by inflammation of
the intestine, the serum cytokine level of IL-17A, but not IL-2, is
shown to be increased.19 This indicates the difference in the path-
ophysiology between FPIES and chronic inflammatory bowel
diseases.

IL-5 is a representative Th2 cytokine that enhances the prolif-
eration of eosinophils and promotes the development of eosino-
philic inflammation in allergic disorders.20 Serum levels of IL-5
were also increased in all positive OFCs in the present study.
However, an increase in the serum IL-5 level was also observed in
negative OFCs. This raises a question about its role in the devel-
opment of GI symptoms. Production of IL-5 might increase irre-
spective of the development of GI symptoms in some infants after
ingestion of food. From this point of view, it is interesting that AEC
in the peripheral blood increases in young healthy infants accord-
ing to an increase in the feeding amounts.21

Another surprising finding is that an increase in AEC in the
peripheral blood was seldom observed in an OFC in which the
serum IL-5 level increased. In contrast to ANC, AEC decreased in 3 of
4 positive OFCs. This may suggest that eosinophils cannot partici-
pate as major effector cells in the development of FPIES. However,
further studies are needed to elucidate the role of IL-5 and eosin-
ophils not only in the pathophysiology of FPIES, but also in the
intestinal physiology of healthy infants, as well as in former FPIES
patients who acquired tolerance.

An increase in the serum IL-8 levels was also seen in all positive
OFCs. IL-8 is a well-known chemoattractant for neutrophils.22

Administration of IL-8 is demonstrated to increase ANC in the pe-
ripheral blood by mobilizing neutrophils from the bone marrow.23

Indeed, moderate to remarkable increases in ANC were observed in
positive OFCs, in which the serum level of IL-8 was increased.
Although Powell showed a remarkable increase in ANC during OFCs
in FPIES patients,9 the mechanism is not yet known. This study
suggests that IL-8 may play an important role in an increase in ANC
during OFC.

We reported fever and an increase in the serum CRP levels in
many patients with FPIES at OFC.10 In this study, moderate to
remarkable increases in the serum CRP level were seen in all pos-
itive OFCs. Fever was seen in 3 of 4 positive OFCs. Serum levels of IL-
2 and IL-8 were commonly increased in positive OFCs. IL-2 is well-
known to induce fever and an increase in the serum CRP level in
many patients treated with IL-2 for cancer.24 IL-8 is also shown to
induce fever and the synthesis of CRP.25,26 Thus, these two cyto-
kines may act as main factors inducing fever and a moderate in-
crease in the serum CRP level in addition to the GI symptoms in
FPIES patients.

In this study, serum levels of cytokines were not measured 6 h
after ingestion of food in negative OFCs. Therefore, it could not be
concluded whether serum levels of IL-2 and IL-8 changed or
Please cite this article in press as: Kimura M, et al., Cytokine profile after o
syndrome, Allergology International (2016), http://dx.doi.org/10.1016/j.al
remained the same in negative OFCs. However, considering that
these cytokines could elevate the production of CRP, the lack of an
increase in the serum CRP level 24 h after ingestion of food suggests
that they were secreted only in a smaller amount, if at all, in
negative OFCs than in positive OFCs.

Some patients with FPIES showed a remarkable increase in the
serum CRP level concurrent with GI symptoms and fever.27 These
patients are described here as septicemia-like FPIES because of the
similarity to severe neonatal infection or sepsis in symptoms and
laboratory findings. In this study, not only IL-2 and IL-8, but also
IFN-g, TNF-a, IL-6 and IL-12 were found to be increased in an OFC
showing septicemia-like symptoms and laboratory findings (O4).
These proinflammatory cytokines are known to induce fever and to
enhance the production of CRP.28,29 Serum levels of these cytokines
are shown to be elevated in infants with sepsis.30,31 This result
elucidates the similarity of the cytokine profile between
septicemia-like FPIES and true sepsis. Since none of these cytokines
were elevated in FPIES patients lacking a remarkable increase in
serum CRP levels, they seem to be closely related to a remarkable
increase in serum CRP levels.
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