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Capsule Summary
The concentration of urinary PGDM, a prostaglarigimetabolite, can be used as a
novel biomarker for detecting allergic reactionsszd by food allergy objectively in a

non-invasive manner.
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To the Editor:

In recent years, the number of patients with fobetgies (FA) has been increasing and
the prevalence in children is now estimated toétevben 6.5% and 896-A diagnosis

of FA based on their clinical history and/or théues of food-specific IgE is not
accurate. An oral food challenge (OFC), especidtiyble-blind placebo-controlled oral
food challenge (DBPCFC), is said to be the mosibéd test for the accurate diagnosis
of FA, however, it is inevitably accompanied by agulous subjective symptoms and
false-positive reactions. In addition to them, iptetations of these symptoms can be
influenced by observer biadt is essential to identify biomarkers that catedt

allergic reactions caused by an OFC objectively $&rum concentrations of mast cell
mediators, including platelet-activated factortdmisine and tryptase, tend to be elevated
during anaphylaxié? Especially, the serum tryptase seems to be alusiefaarker and
was reported to peak within one hour after onseinajphylaxis. From practical points

of view, blood sampling from children when theyeie OFCs is not easy to be carried
out in routine clinical settings. Recently, we digered that
11,15-dioxo-9-hydroxy-,2,3,4,5-tetranorprostan-1,20-dioic a&&OM), major
prostaglandin Pmetabolite levels in urine, were correlated with severity of
symptoms in an oral allergen-induced FA mouse md@iak aim of the present study
was to verify the usefulness of urinary PGDM asaxtical biomarker for assessing the

severity of acute allergic reactions in human cleidwith FA during the OFC.

Children with suspected FA who were scheduled ttetgo OFCs at the Division of
Allergy, National Center for Child Health and Demgiment, were recruited. OFCs were

applied to them as described in detail in the M@shgection in online repository. The
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99  severity of the immediate allergic reactions wassified into Grades 1-5 by using the
100  clinical criteria for the diagnosis of anaphylagisblished by SampsdrPatients
101 without clinical symptoms were categorized as Giaddrine samples were collected
102  before the OFC and at 2, 4, 6, 8 and 18 hours tifeeOFC. The urinary PGDM levels
103 were measured using LC-MS/MS, and the concentratiaminary PGDM was
104 expressed as ng/mg C¥&his study received ethical approval from theitasional
105  Ethics Committee before patient recruitment.

106

107 Intotal, 157 children underwent OFCs, and 11zheht were assessed as positive based on
108 their clinical signs and symptoms caused by OF®I€TR1, Table E2). There were no

109  significant differences in pre-OFC urinary PGDMéé&/between the patients’ with negative
110  OFC results (Grade 0) and those with positive Oé<tilts (Grade 1-4) (mean + SD: 1.25 +
111 0.72 vs. 1.32 + 0.82 ng/mg Cre, respectivBly 0.05, Mann-Whitney test) (Figure 1). The
112  urinary PGDM levels of the patients with positive©results began to increase at 2 hours
113  after the start of the OFC and peaked at 4 hdurs.001, Mann-Whitney test) (Figure 1,

114  Figure E1), while the urinary PGDM levels of theigats with negative OFC results did not
115 increasePR > .05, Mann-Whitney test) (Figure 1, Figure EIDeTonckheere-Terpstra trend
116  test demonstrated that the urinary PGDM levelstaiurs after OFC were positively

117  correlated with the grade of severiB/ € .001) (Figure 2A). As for the types of fqakkre

118  were no significant differences in the urinary PGEMel in each Grade between egg white
119 and milk, the majority of foods in this study (Tal#3). Noteworthy are the elevated urinary
120 PGDM levels in patients who only presented slightjsctive symptoms without any objective

121 sign. Of the 45 patients with Grade 1 reactiongpdi®ents had only oral pruritus or
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122  discomfort. The urinary PGDM levels in these pasg.66 + 3.01 ng/mg Cre) were
123  significantly higher than those with Grade O reawsi (1.48 + 1.11 ng/mg Crely € .01,
124  Mann-Whitney test) (Figure 2B). To establish thethsitoff value for the prediction of
125 allergic reactions based on the urinary PGDM leaeEceiver-operating characteristic (ROC)
126  curves were created (Figure 2C and Figure E2). d&albein regards to the ability to predict
127  some reactions, an ROC curve analysis for patigitksGrade 0 versus Grade 1-5 showed
128 that when the cutoff value for urinary PGDM wasiatlly set at 2.25 ng/mg Cre, the area
129  under the curve, the sensitivity, and the spetyfisiere 0.812, 0.705 and 0.946, respectively
130  (Figure 2C). Regardless of the types of foods]ekiels of urinary PGDM were not correlated
131 with those of allergen specific IgE (sIgE) (Figlie® and Table E4Ayhile sIgE is used to
132  assess likelihood of clinical reactivity. Moreovere followed two Grade 0 patients whose
133  urinary PGDM levels were the highest and the sedogidest among the samples collected
134 from Grade O patients. One patient (6.21 ng/mg @i#) a very slight abdominal discomfort
135 during the OFC experienced a continuous abdomial @fter challenging the same dose at
136 home. Another patient (4.52 ng/mg Cre) with no sions during the OFC developed a cough,
137  rhinorrhea and general urticaria after a half-dufshe same food. The other remaining
138  patients with Grade 0 did not have any medicalnetod symptoms experienced at home.
139
140  Our data demonstrated that the urinary PGDM comagon at 4 hours after OFC was
141  associated with the severity of immediate allergactionsAlthough an elevated
142  urinary PGDM level was reported in adult patienthwystematic mastocytosis, in
143 which mast cells are activatBdhe present report indicated for the first timattthe
144  urinary PGDM level increased after an immediaterglt reaction in children with FA.

145  Our study revealed that the urinary PGDM conceiatnavas useful not only for
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assessing the severity of allergic reactions ireptg who received an OFC, but also for
detecting subtle allergic reactions objectivelypatients who received threshold doses
of offending foods at their OFCs. van der Valk let@ported that 23% of children with
negative OFCs failed reintroduction at home becafisélergic reactions to the fodd.
Threshold of the offending food might be influendgdmany factors in daily life and
vary in a certain range after an OFC. The urina@PI! level can objectively detect
allergic reactions in intaking offending food iman-invasive manner even if caregivers
overlook subtle signs of children caused by an OXitbough the open challenge
design of OFC is our study limitation, the studggests that the urinary PGDM level

can be used to detect allergic reactions followedubtle signs or symptoms.

In summary, the urinary PGDM is a novel biomarkedétect immediate allergic
reactions in children with FA objectively in a nonvasive manner and its main uses are
to distinguish non-reactors from false-positivectemns and confirm allergic reactions

of patients who visit the emergency departmenirggtt
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Figure L egends

Figure 1. Urinary PGDM concentration before and after an OFC.

A, Time-dependent changes in patients with positiF€ @esultsB, Time-dependent
changes in patients with negative OFC resultsP=*.001, Mann-Whitney test. NS,

not significant.

Figure 2. Relationship between urinary PGDM concentration and mild or severe
immediate allergic reactions.

A, Comparison of urinary PGDM concentrations at 4reaiter an OFC according to
each grade. **P < .001, Jonckheere-Terpstra trend tBsRelationship of urinary
PGDM concentration at 4 hours after an OFC betvpatients with Grade 0 versus
those with only oral allergy symptoms.P% .01, Mann-Whitney test.C, ROC curve
for urinary PGDM levels in patients with Grade (HOnegative) versus Grade 1-5

(OFC positive).
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METHODS

Study population

One hundred and fifty-seven patients (boys, 88;maege, 7.4 years; range, 3-14 years)
underwent urinary PGDM measurements during OFClepeed between December
2014 and August 2015. All the children were susgub€A or had already been
diagnosed as FA by a physician based on a positstery of reactions to foods and/or

detectable specific IgE or skin prick tests.

M easurement of urinary PGDM (urinary tetranor-PGDM)

Urinary PGDM was measured by LC-MS/MS, as descriirestiously=* Briefly, the
urine (0.4 mL) was diluted up to 1 mL with waterdiited by 1 mol/l HCI (final pH ~
3), and then 5 ng of d6-tetranor-PGDM (Cayman Chkativere added as the internal
standards. The samples were loaded on a Sep-Pak &acartridge (Waters, Milford,
MA) for solid-phase extraction. The analyte wadedurom the cartridge with 3 mL of
ethyl acetate, dried under vacuum, dissolved inil@d 10% acetonitrile in water, and
injected for LC-MS/MS analysis. LC separation wagied out using a mobile phase
consisting of 0.02% acetic acid (solvent A) and@airile (solvent B).
Chromatographic elution was performed using a gradif 5%—30% solvent B for the
first 10 min followed by 5 min at 95% solvent Baatlow rate 0.4 mL/min. The
LC-MS/MS was operated in the negative ion moden3iteons monitored wenavz 327
— 309 for the endogenous materials (tetranor-PGDiM)nalz 333 — 315 for the
internal standards (d6-tetranor-PGDM). Urinary tireae concentration was measured
using a kit (Wako, Tokyo, Japan), and the urinatyainor-PGDM was expressed as

ng/mg creatinine. The stability of urinary PGDM wasamined by using normal urine
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with exogeneous PGDM and urine from patients woibdf allergies (Table-E65 and

E76).

Oral food challenge (OFC)

OFCs were performed as open food challenges. Bstargng the OFCs, children were
examined by physicians to evaluate symptoms ofi@atigrmatitis, bronchial asthma,
urticaria, and allergic rhinitis. If a child exhibd exacerbated or unstable allergic
symptoms, the OFC was postponed to ensure they safdtaccuracy of the challenge.
We carried out open OFCs based on the PRACTALLews1s5%to try to demonstrate
objective symptoms by increasing doses if open QO#iCged only subjective
symptoms. Children were asked to discontinue tleeofigntihistamines and leukotriene
antagonists for 3 days and the use of oral stefoids days before OFCs to ensure the
accuracy of the OFCs. Before the administratioeawth dose, each child was examined
by a physician. Skin and lung examinations, viighs, and any treatment administered
during the OFC were recorded in the clinical recéiabds were administered under the
supervision of allergists at 20-min-intervals f@rto five times during an OFC. The
challenges were terminated if persistent objeciwaptoms or recurrent severe
subjective symptoms appeared, but the challenges eamtinued if the patient only
showed oral allergy symptoms. Children were obskbxyephysicians for 2 hours after
the last food challenge. The most frequently adstened foods in the OFCs were egg
white (n = 50), milk (n = 43), wheat (n = 17), goebnuts (n = 14). The grams of
protein administered in this challenge consistedgyf white: 188.7 £ 170.3 mg (mean *
SD); milk: 545.8 + 573.4 mg; wheat: 1115.9 + 82&\@; and peanut: 676.6 + 412.9 mg.

This study received ethical approval from the mstnal Ethics Committee before
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patient recruitment. All the participants provideztbal assent, and their parents
provided written informed consent.

Severity of allergic reactions

The severities of the immediate allergic reactimese classified from Grade 1 to 5,
based on the clinical criteria for the diagnosisuwéphylaxis published by Samp<dn.
Children with no clinical symptoms were categoriz@d Grade 0. Briefly, Grade 1
patients had acute allergic reactions with locéheaous involvement (pruritus,
flushing, urticaria, angioedema, or oral pruritasyl no other organ involvement. Those
with Grade 2 reactions had acute manifestatiorggenéralized cutaneous involvement,
gastrointestinal symptoms (nausea and/or singlesisina respiratory symptoms (nasal
congestion and/or sneezing). Patients with Gradm&ions had severe manifestations
with gastrointestinal symptoms (repetitive vomidinggspiratory symptoms (rhinorrhea,
marked congestion, and/or sensation of throat joisigr tightness), or cardiovascular
symptoms (tachycardia: increase > 15 beats/mirgd&# patients had more severe
symptoms with hoarseness, a “barky” cough, difficsivallowing, dyspnea, wheezing,
cyanosis, or dysrhythmia and/or mild hypotensidmde with Grade 5 reactions had
the most severe symptoms with respiratory arresere bradycardia and/or
hypotension or cardiac arrest, or loss of consciesss. The severity score was based on

the organ system most affected.
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Statistical analysis

Analyses of the urinary PGDM concentration accagydmeach grade or the timing of
urine collection were performed out using a Mannivhéy U-test.

Comparisons of the urinary PGDM concentrations labdrs after OFC among each
grade were performed using the Jonckheere-Terstrd testP values of less than .05
were considered statistically significant for aikttests. All the analyses were performed

using JMP 10 (SAS Institute Inc., Cary, NC, USA).
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All Grade| Grade| Grade| Grade| Grade| Grade
0 1 2 3 4 5
. 4 45 45 25 15 27
o) 4
No. of subjects, n (%) 15 28.7)| (28.7)| (15.9)| (9.6) | (17.2) 0 (0)
27 32 13 5 11
[0) -
Sex, boys, n (%) 88) 60.0) | (71.1)| (52.0) | (33.3) | (40.7)
Age(y), mean 7.4 8.3 6.7 7.2 8.1 6.9
Previous adverse reactions
26 30 20 7 22
related to challenged 105 -
foods, n (%) (57.8) | (66.7)| (90.9) | (46.7) | (81.5)
. . 25 31 16 5 20
o) -
Atopic dermatitis, n (%) | 97| 556y | (58.9) | (64.0) | (33.3)| (74.1)
, 13 28 7 4 15
0, -
Bronchial asthma, n (%) | 67 5 9)| (62.2)| (28.0)| (33.3)| (53.6)
o 17 17 12 7 7
0, -
Allergic rhinitis, n (%) 601 37.7| 37.7)| (48.0)| (46.7) | (25.9)
Total serum IgE level
within 1010| 1123 | 1047| 899 972 984 -
1 year (kUa/L), mean
Uses of antihistamine
: 8 12 9 25
drugs p.o. during OFC, 54 0( -
n(cy%)p 9 O 17.7] 48.0)| (60.0)| (92.6)
Uses of corticosteroid p.o
or i.v. during OFC, n (%) 0 1 0@ 00} 0] 0() 0(0) i
Uses of salbutamol 3 3 22
inhalation during OFC, 28 0( 0(0 -
(%) 9 © 1 00| (12.0)| 20.0)| (81.5)
Uses of epinephrine i.m. 5
during OFC, n (%) 5 | 0] 0@ 0@ 00) 156 -

Table E2. Subjective symptoms and objective symptoms in OFCs.
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Grade 0 (45) Grade 1 (45) Grade 2 (2b) Grade B (15 Grade 4 (27)
Abdominal
onl discomfort or
nly pain
subjective Oral allergy 19| Nausea 5 - - - -
symptom
symptom
Non-continuous
cough
Localized | ,, | General | 151 Repetitive | ;| \ypoasing | 22
urticaria urticaria vommiting
Most Nasal Continuous
severe Localized 3 sneezing 3 cough 3 Mild 4
objective ) flushing or without hypotention
symptom congestion wheezing
Hoarseness
Loc_:ahzed’ 1 Slnglg > | Rinorrhea| 1| . with 1
angioedema emesis barkly
cough”

Table E3. Comparison of urinary PGDM between Egg white antkli each Grade.
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Grade Grade 1 Grade 2
Food Egg white Milk P Egg white Milk P
(n=11) (n=15) | value (n=11) (n=8) value
Urinary
PGDM, 4.34 3.59 NS 7.12 6.65 NS
mean + SD + 3.57 +2.21 +4.93 +5.22
(ng/mg Cre)
Grade Grade 3 Grade 4
Food Egg white Milk P Egg white Milk P
(n=6) (n=5) value (n=9) (n=5) value
Urinary
PGDM, 11.19 15.14 NS 20.01 17.9 NS
mean +SD| +10.98 +12.79 +11.29 +13.75
(ng/mg Cre)

P value was calculated with the use of the Mann-\Wéyitd test.

NS, not significant.
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11

Table E4. The levels of urinary PGDM and allergen-specifik ig patients with egg

white or milk allergies in each Grade.

Egg white (n=50) Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
N 13 11 11 6 9
Urinary PGDM,
mean = SD 1.34+0.44 4.34+£3.57 5.86+4.01 11.19+10.98 20.01291
(ng/mg Cre)
Total serum IgE level
within 1 year, mean 863 835 839 1008 767
(kUa/L)
Allergen-specific
IgE level within 23.14 29.01 31.39 25.18 43.6
1 year, mean (kUa/L)
Milk (n=43) Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
N 10 15 8 5 5
Urinary PGDM,
mean + SD 1.47+0.66 3.59+2.21 4.14+4.9 15.14+12.79 17.94£13.Y5
(ng/mg Cre)
Total serum IgE level
within 1 year, mean 1083 1904 1246 999 802
(kUa/L)
Allergen-specific
IgE level within 17.24 31.02 49.01 21.05 33.01

1 year, mean (kUa/L)
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Table E5. Stability of urinary PGDM added in normal urine.

Oh 24 h 72 h 7 days 7 days
(control) at 4°C at 4°C at 4°C at —20°C
PGDM ng/mL % of ng/mL % of ng/mi % of ng/mL % of
(ng/mL) 9 control "9 control 9 control 9 control

Urine #1  40.90 42.73 104.47 39.85 97.43 38.69 94.58 41.91 2.480
Urine #2  35.46 36.53 103.04 34.34 96.86 35.99 101.49 36.6203.28
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Table E6. Stability of urinary PGDM in patients with food aitby.
Oh 24 h 72 h 7 days 7 days
(control) at4°C at4°C at4°C at —20°C
PGDM ng/mL % of ng/mL % of ng/mL % of ng/mL % of
(ng/mL) control control control control
Patient #1 0.80 0.88 109.63 0.88 109.91 0.90 111.820.94 116.95
Patient #2 0.49 0.58 118.57 0.58 117.98 0.71 145.69.70 143.39
Patient #3 6.12 8.06 131.83 7.72 126.25 6.87 112.33%.54 106.85
Patient #4 8.27 6.30 76.18 8.10 97.95 5.93 71.68 99 6. 84.61
Patient #5 5.33 5.21 97.72 5.05 94.75 5.72 107.21
Patient #6 78.72 65.91 83.74 50.1 63.65 71.24 90.5
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Figure L egends

Figure E1. Difference of urinary PGDM concentration from baseline (pre-OFC).
A, Time-dependent changes in patients with positiF€ @esultsB, Time-dependent
changes in patients with negative OFC resultsP=*.001, Mann-WhitneyJ test. NS,

not significant.

Figure E2. ROC curvesfor urinary PGDM levelsin patientswith allergic

reactions.

A, ROC curve for urinary PGDM levels in patients wizhade 0-2 (non-reactors or
mild reactions) versus Grade 3-5 (anaphylaxis).

B, ROC curve for urinary PGDM levels in patientsiw@rade 1-2 (mild reactions)
versus Grade 3-5 (anaphylaxis).

C, ROC curve for urinary PGDM levels in patientsiwiGrade 0 (OFC negative) versus

only oral allergy symptoms.

Figure E3. Association of urinary PGDM and aller gen-specific I gE.
Correlation of urinary PGDM and allergen-specifi&lin patients with egg white or

milk allergies. The Spearman coefficient was caltad for correlation.
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