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ABSTRACT

Background. Cow’s milk protein allergy (CMPA) is the most coman food allergy in infants.
However, little is known about which specific imneumechanisms are related with the CMPA
onset. The objective was to investigate which imenafierations constitute differential factors
between allergy and tolerance, and hence couldripdicated in the CMPA establishment in
infants.

Methods. An extensive analysis of immune subsets, inclydireg and cytokine-secreting cells
was performed in blood samples from 28 infants geurthan 9 months obtained 1-4 days after
the first adverse reaction to milk.

Results Less than 4 days after first allergic reactiomiamis who developed CMPA had
decreased Treg counts and increased frequency 4s6dtreting CD4 T cells compared to
controls. The deficit of Tregs was correlated wlétreased serum levels of vitamin D. Values of
Tregs, IL4-secreting cells and vitamin D were gqueédictors of CMPA diagnosis. Basal
vitamin D levels in CMPA infants also predicted $eaCMPA patients developing spontaneous
tolerance in the first year:

Conclusions Establishiiient of CMPA in infants was related witkwver Treg and vitamin D
levels. These immune alterations would be cru@atdrs behind the CMPA establishment and

they could constitute a therapeutic target forttnemt of CMPA.
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INTRODUCTION

Food allergy is the most frequent reason for anaphylactic reactions in children. CMPA may
occur in different clinical phenotypes according to the implication of IgE and cellular immunity in
the allergic reaction (1): i) classical IgE-mediated allergy; ii) combined IgE and cell-mediated; and
iii) non-Ig-E-mediated allergy where cellular immunity is responsible of the allergy. Between the
food allergies, IgE mediated Cow's milk protein allergy (CMPA) is the most common in infants

during the first year of life, with a prevalence between 2% and 5% (2,3).Values of total IgE or
allergen-specific serum IgE can be used for identifying an IgE-mediated allergic reaction to milk, but
positive results alone are not necessarily predictive for food challenge outcome (4). An oral
challenge test is considered the gold standard in confirming an adverse reaction to CMP (5).

CD4+ Th2 cells are considered the major mediatorspfomoting the immune cascade
responsible of the allergic symptoms. Howevellglis known about which immune mechanism
or alterations are responsible for triggering fhilammatory cascade that produce the onset of
an allergy. Considering that Th2:cells are pregettthe exposed tissues of any subject, why just
some children develop food-allergy and others d@.n&hich immune alteration constitutes the
differential factor between developing allergy otetance remains unclear, and this question
needs to be elucidated to improve the preventioa diagnosis and the treatment of these food
allergies.

Regulatory T cells is a subset of CD4+ T cells vatlppressive capacity (6), which have
proven to prevent inadequate immune responsessieliergic processes (7). Several authors
have proved in animal models both, that proalleigitammatory status is related with an
impairment or deregulation of the Treg subset, trat Treg cells are essential to promote
tolerance to food allergens. Noval-Rivetsal. demonstrated that group 2 innate lymphoid cell

(ILC2s) promote allergic inflammation by blocking€f function (8). Mast cells and IgE

© 2017 International Pediatric Research Foundation, Inc. All rights reserved



antibodies, which trigger Th2-cell-mediated hypassgvity reactions are also able of impairing
Treg cell induction (9). In other hand, oral toleca for food antigens can be induced in mice by
transfer of Tregs (10), and oral immunotherapy @llpw doses of IL-2 (12) are able to induce
Treg-mediated control of experimental food allesgi€he key role of Treg in allergy have been
also confirmed in patients, showing that food-glierinfants have impaired Treg responses
(13,14), and that Treg cells from food-allergic Idten lose their suppressive function and
acquire a Th2 phenotype (15). Regarding the rolered in promoting tolerance, Shreffietr al.
(16) demonstrated that a higher frequency of atlergpecific Tregs correlates with a phenotype
of mild clinical disease and favourable prognosisnilk allergic children. In addition, we have
recently described that desensitization in egg-@tiechildren-was mediated by a recovery in the
quantity of regulatory T cells (Treg), and the ®dpgent switch in CD4 T cells from an activated
to a hypo-proliferative phenotype (14,17).

However, most of these studies were performed iemis with an already stablished
allergy. In this context, is difficult to know itheé Treg impairment is a consequence of the
allergic inflammatory environment in the patient sigggested by Noval-Rivas et al. (7), or
whether a pre-existing Treg deficit is one of tlaetbrs responsible of the establishment of
allergic phenotype. Therefore, we performed an estnze immune analysis including Treg
values to identify the immune factors implicatecthe establishment of CMPA in infants after

the first adverse reaction to cow milk.

© 2017 International Pediatric Research Foundation, Inc. All rights reserved



METHODS

Patients and sample processing
Infants younger than 9 months, with symptoms corbfgatvith Cow’s Milk Protein Allergy

(CMPA), such us vomiting or skin eruptions aftewcmilk ingestion were enrolled in the study
at Pediatric Allergy Division or Urgenciesf the Hospital. The study was conducted after the
approval of the ethics committee and accordindghéodrinciples expressed in the Declaration of
Helsinki. Peripheral blood samples (<3 ml) wereetalafter the informed consent from legal
guardians before the oral challenge with cow’s mitlatients with a_diagnosis of non-IgE
mediated allergy, cow’s milk intolerance, allergioctocolitis, enterocolitis, etc were excluded

from the study.

The confirmation of CMPA diagnosis was performed dy oral challenge test (unless
contraindicated by severe clinical profile), -anchsidering the total and specific IgE values,
physical examination and family history. Then, tbeildren enrolled in the study were
distributed in two groups: i) infants with a confied diagnosis of CMPA (CMPA group) by
immediate symptoms after oral challenge (n=15)agg-matched non-allergic controls (Control
group) (n=13) with a riegative result for the ontadleenge test, and subsequent ingestion of milk
at home without symptoms. Blood samples were obthih-4 days after the first adverse
reaction and just before the oral challenge test the diagnosis of the infants. Egg allergy,

which is also frequent at this age was discardedl ienrolled patients.

Patients included in the CMPA group were clinicdiylowed along a year to determine
which patients become tolerant to cow milk. A patti@as considered tolerant by the absence of
allergic reaction after a controlled expositionnhdk, and the tolerance was confirmed if the

patients were able to include in their diet a ndrgqueantity of milk without adverse reactions.
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Analysis of immune subsets and cytokine secretinglits

Blood samples were processed immediately afteretiection. We determined by flow
cytometry in aGallios Cytomete(Beckman Coulter, France) the frequency and absalounts
of CD4+ T cells and CD8+ T cells, including markds the following subsets: naive
(CD45RA+CD27+), activated (HLA-DR+), central memorCD45RA-CD27+), effector
memory (CD45RA-CD27-), as previously described (IB) obtain precise physiological
values of Tregs we analysed “untouched” total bletadned with surface markers and without
employing any washing step that could modify thggublogical values of cells. In this way,
percentage and absolute counts of Treg in peripheieod were quantified measuring
CD3+CD4+CD25+CD127low cells. Because Foxp3 is aersid the marker that better defines
the Treg phenotype, percentage of Foxp3+ Treg ¢€l33+CD4+CD25+Foxp3+) were also
analysed in isolated PBMCs by intracellular-stegwith the Anti-Human Foxp3 Staining Set
(eBiosciences, San Diego, CA) according to the raaurer’'s instructions. Frequency of
CD3+CD4+CD25+CD127low Tregs-in total blood and COBM+CD25+Foxp3+ cells in
isolated PBMCs were comparable in each sample ieeagent with Liu et al. (19). TemRA
(CD45RA+CD27-), and RTE (CD45RA+CD27+CD31+) subsetD25+Foxp3+ Treg cells
were also analysed to determine the proportiorhe$¢ phenotypes in the Foxp3+ Treg subset.
Percentage and absolute counts of B cells (CD19+¢DBcluding naive (CD27-I1gD+),
memory non-switch  (CD27+IgD+), memory switch (CD&y3-) and Breg
(CD24highCD27high) phenotypes; and Basophils (CB4&ID123+IgE+) including activated
basophils (CD63+) were also measured in total bl@dzsolute numbers of immune subtypes

were determined usirglow-Count Fluorosphere@Beckman-Coulter).
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Frequency of cytokine-secreting CD4+ T cells waalysed in isolated PBMCs which were
activated for 5h with PMA (50 ng/ml) and lonomydih ug/ml), including the addition of a
golgi-stopper. Intracellular staining of IL-4, IFNand IL-17 was done following the instructions
of the Cytofix/Cytoperm Ki{Beckton Dickinson), and samples were acquiretldwy cytometry.

Frequency of cytokine-secreting cells was calcdlategated CD4+ T cells.

Analysis of vitamins and immunoglobulins
Total IgE and specific IgE to whole milk, BLB-(actoglobulin), ALA @-lactalbumin) and

casein IgE were measured using commercial kits (€A&dia, Sweden). Serum values of IgE
were expressed as kU/L.

Vitamin D was quantified as 25-hydroxyvitamin Dsarum samples by chemiluminiscence.
Quantification was performed employing tlieASON 25-OH-Vitamin D Total Assayn a

LIASON XL analyser (DiaSorin, Stillwater, MN). Vadg were expressed as ng/mL.

Statistical analysis

Statistical analysis was performed using SPSS so&WIBM, New York). Non-parametric
Mann—-Whitney test was used for comparison betwaenpg. Data are showed as mean +
Standard Error of the Mean (SEM). Correlation bemveariables was established by Pearson
correlation (PC) test. Capacity of discriminatiogtieeen groups for the different variables was

analysed by ROC'’s curveB:value <0.05 by 2-sided test was considered siaifi
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RESULTS

Diagnosis of CMPA in enrolled infants

Infants younger than 9 months old were enrolletha study after informed consent, and
they were distributed in a control (n= 13) or CMBup (n=15) attending to the results of the
oral challenge test as described in methods. TWwere no significant differences in sex and age
between groups, being the mean age in Control aviéPAC groups 6.18 and 6.43 months
respectively (Supplemental Table S1, online). Apeexed, total and specific IgE values in
plasma were increased in the CMPA group but nahéncontrol group (Supplemental Table 1

S1, online).

Extensive analysis of immune subsets and cytokinesin infants with CMPA

Percentage and absolute counts (cellsybenf total blood) of a wide range of immune
subsets were compared between children with CMRRcantrols (Table 1). Interestingly, there
were very few differences between the values oleserm CMPA and control children, and
percentages and absolute counts for CD4 and CD&IIE, B cells and Basophils were
comparable between both groups. We only found fogmit differences for naive CD8 T-cell
counts, which were lower in CMPA children than antrols (Table 1).

Helper CD4+ T cells are essential for the initintiand maintenance of IgE-mediated
allergic responses (20), and the release of Th®kiows plays a pathogenic role in the
inflammatory changes seen in milk-induced gastesitmhal disorders (21). We stimulated
vitro PBMCs from infants and we analysed the percentdgstokine-secreting CD4+ T cells.
We did not find differences in the frequency of HNecreting CD4+ T cells (Thl) (Mean %

SEM CMPA=3.51 + 2.09; Control=1.82 +0.3%:=0.742). There were no differences in the
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frequency of IL17-secreting CD4+ T cells (Th17) (EA=0.14 +0.03; Control=0.10 = 0.02;
p=0.727). However, the frequency of IL4-secretingd3Dr cells (Th2) was significantly higher
in CMPA children (Figure 1) (CMPA=0.69 £ 0.13; Cooit0.43 + 0.06p=0.037).

Between all the variables studied here, the hifeguency of IL4-secreting CD4+ T cells
(IL4-TCD4) seems to be the only differential immufiaetor in CMPA children that could be

associated with the appearance of symptoms andetretopment of this allergy.

Values of regulatory T cells (Treg) and immune homeostasis

One of the main roles of Treg subset is to reaetinsy an inadequate proliferation of
immune cells, producing regulatory cytokines or eleping other regulatory mechanism that
prevent an excessive expansion of effector/activatd!s. This regulatory function is mediated
by the production of IL-2 by activated non-regutgtd cells, which promotes the maintenance,
expansion, and activation of Tregs, which in tumits the expansion of non-regulatory T cells
(6). Therefore, increased frequency of (effectbritIsecreting CD4+T cells should promote the
expansion/activation of Treg cells in CMPA patiefitse percentage of Treg cells into the CD4+
T-cell population, which is a relative measure thah be influenced by the expansion or
depletion of other CD4+ T subsets, was comparabteden both groups (Figure 2550.433).
However, when absolute counts of Treg cells (geéisuL of total blood) were measured, we
found significantly lower Treg numbers in the CMRykoup than in controls (Figure 2B;
p=0.040).

We analysed the phenotype and the differentiatiagesof these Treg cells, according to the
markers defined for CD4+ T cells (22) and Treg€#3). We observed that in comparison to

controls, the absolute counts of all the Treg sisbseere lower in the CMPA group
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(Supplemental Table S2, online), and this deficyemas significant for the Central Memory

(Figure 2C;p=0.040) and the TemRA (Figure 2[p;0.022) Treg subsets. Additionally, we

observed only in the CMPA group a negative conatabetween the frequency of IL4-TCD4

cells and naive Foxp3+CD25+ Treg cells (PC=-0.788.003); and a positive correlation with

the frequency of activated Treg (PC=0.88£0.000). In other words, a high frequency IL4-
TCD4 cells is associated with a decrease in thpgtmn of naive Treg and an increase in the
proportion of activated Treg, which could reflect active differentiation of Treg cells from a

naive to an activated phenotype in response tmtneased frequency of IL4-TCD4 cells.

In addition, the ratio Treg/IL4-TCD4 cells was lawie the CMPA group than controls,
reflecting a Treg imbalance in CMPA patients. Tiféecences in-the Treg/IL4-TCD4 ratio were
significant in both cases, when percentgged(036) or-absolute counts=0.027, Figure 2E) of
Treg and IL4-TCD4 cells were used to calculaterdi®m between these subsets. The Treg/IL4-
TCD4 imbalance and the deficit in the - humber ofwating Treg cells in CMPA infants could
result in an inadequate control of effector T gedisd could explain the increased frequency of
IL4-TCD4 cells. In fact, in the CMPA group but natcontrols there was a negative correlation
between Treg absolute counts and IL4-TCD4 celle Tbwer was the quantity of circulating

Treg the higher was the frequency of IL4-TCD4 c@H€=-0.614p=0.019).

Mechanisms of Treg deficit. Thymic function and Viamin D levels

There are different mechanisms that could explandecreased Treg numbers observed in
the CMPA group. Because Treg cells is a subset®BfCT cells, which is also generated in the
thymus, a deficiency in the thymic production okgrcells could be related with the reduced

number observed in periphery. We analysed the exfme of CD31 within the pool of
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Foxp3+CD25+ Treg cells, a marker which is only @gsed in recent thymic emigrants (RTE)
and it is considered an indirect indicator of thgmproduction (24). The results showed that there
are not any significant differences in the freque(e=0.703) and absolute counts=0.560) of
RTE Treg between the CMPA and control group (Figg#e 3B), discarding then a possible
defect in the thymic production as the reason efjyTaeficiency.

Other mechanism that could be implicated in a dedicTreg cells in the context of allergy
is the serum levels of 25-hydroxyvitamin D. Thisgamin has demonstrated pronounced
immunoregulatory properties and notable capacityinduce Treg cells in humans (25).
Interestingly, vitamin D insufficiency/deficiencyamy in life has been identified as one of the
risk factors for food allergy. We observed thatuesl of vitamin'D (ng/mL) were significantly
lower in the CMPA group than in control childrenM@A=35.3 = 3.5; Control=47.9 + 3.7,
p=0.041) (Figure 3C). Moreover, we observe ‘a2 diramtrelation between plasma levels of
Vitamin D and absolute counts of Treg (PC=0.3p60.027). Serum 25-hydroxyvitamin D
values lower than 30 ng/mL are considered inswficiin children (26). Even if the median
values of vitamin D in the CMPA group are highearththis cut-off, we observed that the only
four children with values lower than 30 ng/mL adlietnged to the CMPA group (Figure 3D). In
addition, children included in the CMPA group wéhese with lower vitamin D values and
lower Treg counts (black dots, Figure 3D), supportthe hypothesis that the deficiency in
vitamin D could be related with the deficit of Treglls and the subsequent increased Th2

immune responses.
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Treg counts and serum Vitamin D levels can discrinmate between healthy controls and
CMPA children

Blood samples to perform immune analysis, wereinbthfrom patients with a suspicion of
CMPA before the oral challenge test and the defmidiagnosis of CMPA. Therefore, we
analysed whether the three variables differentialpressed in CMPA children could be good
predictors of the result in the oral challenge tsd the clinical diagnosis of this allergy. The
receiver operating characteristitROC) curve are widely utilized to evaluate thefgenance of
diagnostic tests. The area under the ROC curve (A& widely used summary index to
determine the quality to predict an event by ddférvariables (27). ROC-curves were calculated
to provide information on the sensitivity and sfietty of these variables to discriminate
between healthy controls and CMPA children. Thelymma of the data indicates that low
Vitamin D levels (AUC=0.754; 95% confidence. intdr{85CI)=0.553-0.955;p=0.041); low
absolute number of Treg (AUC=0.728; 95CI=0.538-8;940.040) and a high frequency of
IL4-secreting CD4+ T cells (AUC=0.747; 95CI= 0.5@.B46;p=0.037) are good variables to
discriminate between CMPA and control children (ffes 4A-C respectively). The Treg/IL4-
TCD4 counts ratio was-also a good predictor (AUZ86; 95CI=0.536-0.946p=0.027) to

distinguish between CMPA and control children (fFegdD).

Basal Vitamin-D levels was associated with the aghiement of spontaneous tolerance to
cow’s milk in the first year

Finally, we clinically followed the allergic patiem included in the CMPA group to
determine which patients become spontaneously aimieto cow’'s milk. A patient was

considered tolerant by the absence of allergicti@aafter a controlled exposition to milk, and
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the tolerance was confirmed if the patients wete &hinclude in their diet a normal quantity of

milk without adverse reactions. Eight out of 15i@ats included in the CMPA group (53.3 %)

become tolerant or desensitized to cow’s milk befar1 year after the CMPA diagnosis; and 7
out of 15 patients (46.6 %) remains allergic tokmihterestingly, the vitamin D levels measured
1-4 days after the first adverse reaction to mitkl defore of CMPA diagnosis were good

predictors of patients who spontaneously acquileraace or remain allergic. We observed in
our cohort that the presence of basal levels aiwih D lower than 40 ng/mL predicted with a

sensitivity of 87.5% and a specificity of 80% thqgssients that remained allergic after 1 year
(AUC=0.850; 95CI: 0.608-1p=0.040) (Figure 4E).

These results support the hypothesis that low witdhlevels and a deficit of circulating
Treg cells could be important factors in the essabhent of CMPA. However, one limitation of
this study is the low n-value (n=15). ThereforetHar studies with larger cohorts of patients are
required to stablish whether basal Treg or vitamirdevels could constitute risk factors for

CMPA onset or predictive markers of spontaneowsraoice in CMPA patients.

DISCUSSION

Here we performed a study in infants with sympta@msipatible with CMPA after cow milk
ingestion, to decipher the immune alterations eelavith the establishment of this allergy.
Samples were collected in the 1-4 days after tisé didverse reaction. Therefore, we could study
the immune system just after the onset of thegiliggrocess.

Almost no difference was found in the frequency aiolute counts of the different
immune subsets or in the phenotype of these papntabetween controls and CMPA children.

In peripheral blood, the frequency of antigen-sfiecells is very low (allergen-specific T cells
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are typically less than 0.01% (28)), and then ckang this allergen-specific cells would not be
reflected in the values of cells observed in peatphblood. We did not analyse antigen-specific
cells because the goal of our study was to ideritifiynune markers easily measurable in
peripheral blood that could be implemented in theical routine for the follow-up of these
patients.

We observed a lower absolute number of naive C2@I[E in CMPA children. Previous
studies demonstrated a reduced percentage of C&8IsTin children with CMPA (29,30), but

they do not quantify the absolute counts of thesés.cBecause CD8 T cells are one of the

subsets responsible for the IfNsroduction, the reduced pool of naive CD8 T cell€MPA
patients could be related with the decreased ptmiuof IFN-y observed in patients with

CMPA or other atopic diseases (29,30). However rtie of CD8 T cells in allergy is unclear
with conflicting evidences of pathogenic or promeetfunctions for this subset (reviewed in
(31)), and further studies must be conducted tondiekly determine the role of CD8 T cells in
this allergy.

At the light of our results, a deficit in the numbe Treg cells seems to be one of the
determining factors.related with the establishmahCMPA. Although the activation and/or
differentiation of Treg cells seems to be correcitgurring in CMPA children, the frequency of
IL4-TCD4 cells remains increased, probably as asequence of the deficit in the number of
circulating Treg that we observe in the CMPA group.the case of food allergy, numerous
articles in animal models and humans demonstrate foeg cells can prevent allergic
sensitization (32), induce oral tolerance (14,38) in summary how Treg cells play a crucial
role in the allergic disorders (34). Some previguglies report a Treg deficiency in children

with an established food allergy, and these celisehproven to be also crucial in the
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disappearance of the allergy (14). However, ouultesndicate that the Treg deficiency is
already present in the first 1 to 4 days afterfits¢ adverse reaction. Therefore, decreased Treg
values could constitute a factor that predisposdlfe acquisition of an atopic phenotype, and
more concretely for the establishment of CMPA ifams. To definitively confirm this fact, it
would be necessary to measure Treg values befdhedirst milk ingestion, but it is difficult to
know which children will become allergic, and thkandreds of healthy children should be
enrolled for this kind of study.

Regarding to the potential reasons for the Tregllé@h these infants; decreased numbers of
Treg in these infants are not due to the immatwitthe immune System at this age. Previous
studies demonstrate that from the birth, neonadee ket high Treg values (18). In fact, controls
infants of the present study showed Treg countanat@00 cells pepl, which are markedly
higher than values observed in healthy childrenizao3 years old (35) or 9 years old (14). We
also found that an impairment in the thymic prodwuctof Treg cells can be discarded as
responsible for the decreased Treg values. RTE Jakges were not different, and naive Treg
values were also comparable in both groups. Thansthat the defect is not at the level of Treg
production or at the arrival of these naive Tregh® periphery. Between the different Treg
phenotypes only the number of central memory anthR& Treg cells were significantly
reduced. These results indicate that the produchictivation and differentiation to effector cells
in the Treg subset seem to develop correctly in @MRildren. In fact, we observed in the
CMPA group that those children with the highestuesl of circulating Treg were just the
children with lower frequencies of IL4-secreting €DT cells, reflecting a correct suppressive
function of Treg in these children. The fact thahttal memory and TemRA subsets of Treg

(which are the most advanced steps of differeotdtiare the most affected, could reflect a
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problem in the survival of these cells or in thechenisms to maintain this pool after the
antigenic stimulus.

Several studies demonstrate that vitamin D cortigilsignificantly to the induction, survival
and preservation of the Treg population (25,36,3@ditionally, nhumerous articles find a
relationship between decreased values of vitamim Dpth mother (37,38) and infant (39), and
a higher incidence of allergy. The lower vitaminvBlues found in CMPA children, and the
direct correlation observed between vitamin D drelduantity of circulating Tregs supports the
hypothesis that the impaired survival of Treg cebisld be influenced by the deficit of vitamin
D.

We observed, that IL4-secreting CD4+ T cells aeedhly population increased in periphery
during the first phases of CMPA. Treg cells havevpn to specifically prevent an excessive
expansion of CD4+ T cells at the mucosa that ‘céedd to an allergic inflammatory response
(40). Numerous evidences demonstrate that Tregidelly in the periphery is sufficient to
evoke chronic T cell-mediated autoimmunity and impathology (6). Therefore, the deficit of
Treg found in CMPA children could be enough to favthe persistence of IL4-producing cells,
which could initiate ‘/and maintain the inflammatocascade responsible for the allergic
symptoms. Moreover, a recent study demonstrateTirey cell reprogramming toward a Th2-
cell-like lineage can promote food allergy (15).eTiact that the most differentiated subsets of
Tregs are notably decreased could also reflecttalswf these cells to a Th2-like phenotype that
will contribute to their increased frequency in CMEhildren.

In summary, we hypothesised that after the intrado®f cow’s milk proteins in the diet, in
those children with adequate immune homeostasieg Tells can prevent the inadequate

expansion of IL4-producing CD4+ T cells. Howevar, ahildren with a deficit of vitamin D
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probably Treg cells exerts its function initiallgut without the appropriate stimulus (such as
vitamin D) Tregs could have a reduced survival bedome exhausted. In this scenario, the ratio
of Treg/effector cells decreases and the inadeugipression of effector cells will lead to the
increased presence of IL4-secreting CD4+ T celtstae development of the allergic symptoms
to these proteins. The demonstration that vitainsufficiency is an important protective factor
for food allergy in the first year of life (41), gpoorts the hypothesis that restoring the Treg
survival could be a potential strategy to prevaetastablishment of CMPA in infants.

Finally, the statistical analysis indicates thatvleitamin D values and decreased Treg
numbers, were good predictors to distinguish betwamtrols and CMPA infants. The fact that
these altered values are present few days aftdirghedverse reaction to the milk and prior to
the definitive diagnosis of CMPA, support the tyilof these values as diagnostic markers of
CMPA. In addition, these parameters were good pted of the results in oral challenge test.
Therefore, Treg values and serum vitamin D levedsich are easily measurable in a blood
analysis can be markers to discriminate between £MBsitive and negative, and it could
replace the use of oral challenge in those pathese these tests involve a high risk. Finally,
basal insufficiency of vitamin D was also a gooddictor of those patients that will not achieve
spontaneous tolerance in the first year, congstiquéilso an interesting predictive marker of the
clinical progression of these patients.

Further studies in larger cohorts of infants mustperformed to confirm the quality of these
markers, and whether Treg and vitamin D valuesdnpperal blood could constitute useful

markers for the clinical follow-up of CMPA patients
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Table 1. Immune parametersin children with CM PA and controls.

Percentage CellspiL |
Control (n=13) CMPA (n= 15) p Control (n= 13) | CMPA (n= 15) p

Total Lymphocytes
CD4+ T cells 46.54 +2.97 49.81 + 2.890.345 3056 + 220 2632 £ 21P 0.420
CD8+ T cells 12.41 +1.16 12.69 +1.170.534 798 £ 81 642 + 46 0.123
B cells 24.89 +2.18 24.64 +1.690.872 1669 + 192 1304 £ 118 0.123
CD4+ T cells
Naive 82.60 +1.75 79.04 £3.110.884 2530 + 197 2151 £+ 210 0.332
Central Memory 9.37 £1.19 10.03 £ 1.070.872 279 £ 32 236 +16 0.084
Effector Memory 0.56 +0.10 1.63 +1.(080.533 17.3+3.6 19.8 + 5.% 0.982
Activated 1.02+0.13 1.72 £0.6480.927 31.2+3.8 30.6 +4.0)0 0.565
CD8+ T cells
Naive 84.32 + 3.54 77.35 +6.040.497 671 £ 82 477 £ 48 0.023*
Central Memory 8.73+1.70 12.17 £ 2,88).300 67.0 £ 13.5 80.8 £ 20.2 0.596
Effector Memory 1.87 £0.98 2.60 +1.460.712 145+7.0 22.2+13.4 0.982
Activated 2.68 +0.78 6.58 +2.850.420 21.4+6.3 48.0 £22.9 0.836
B cells
Naive 91.41 +0.91 90.55 + 0.140.357 1534 + 184 1118 +12H 0.069
Memory switch 0.99 +0.17 1.09 £ 0.140.447 15.2+2.2 13.3+1.8 0.534
Mem. non-switch 6.09 +£0.80 6.77 £0.660.357 95.0+12.3 86.2+9.6 0.662
Breg 1.48 £+0.17 1.72 £0.300.765 224 +23 21.2+3.0 0.420
Basophils 0.60 +0.03 0.65+0.08| 0.982 58.3+3.5 57.1+7.3 0.475
Activated 40.11 £4.73 38.13 +4.730.695 23.8+3.6 23.0+ 5.(NJ 0.504

Percentages and absolute counts (cellsupeof total blood) for immune subsets are showed.
Values are given as mean + SEM.pk0.05 in non-parametric Mann-Whitney test comparing
Control and CMPA values. Percentage for each subsedlculated regarding the total of the
corresponding population (Total Lymphocytes; CD4+célls; CD8+ T cells; B cells or

Basophils) ®percentage of basophils in total leucocytes (CD45+)
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FIGURE LEGENDS

Figure 1. Percentage of IL4-secreting CD4+ T celldPercentage of IL4-secreting CD4+ T
cells measured by intracellular staining in acedaPBMCs. Median with interquartile range
in both Control and CMPA groups are representedp<0.05 in non-parametric Mann-

Whitney test comparing Control and CMPA values.

Figure 2. Values of Treg cells.Percentage (A) and absolute counts (cellsyheof total
blood) (B) of Treg cells; Absolute counts of Cehtmemory (CMem). Treg cells (C) and
TemRA Treg cells (D); Ratio between Treg and IL4reéng CD4+ T cells (IL4-TCD4)
absolute counts (E). Median with interquartile mamg both Control and CMPA groups are
represented. *: p<0.05, n.s.: non-significant défees in non-parametric Mann-Whitney

test comparing Control and CMPA values.

Figure 3. Values of RTE Treg cells and serunVitamin D levels. Percentage (A) and
absolute counts (cells pet of total blood) (B) of recent thymic emigrantsTR) Treg
cells. (C) Serum concentration of Vitamin D (ng/mmleasured by chemiluminiscence.
Median with interquartile range in both Control aBMPA groups are represented. n.s.:
non-significant differences *p<0.05 in non-parametric Mann-Whitney test comparing
Control and CMPA values. (D) Correlation of Vitaniinlevels and absolute counts of Treg
cells (cells peruL of total blood). Control: grey squares; CMPA: dkadots. Pearson

coefficient= 0.390p=0.027.
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Figure 4. ROC Curves and predictive value of analysed varialels Serum concentration
of Vitamin D (ug/L) (a); total Treg counts (cells pekL of total blood) (b); frequency of IL4-
secreting CD4+ T cells (IL4-TCD4) (c); and the Tited-TCD4 counts ratio (d) were good
discriminators between healthy and CMPA childreasd@ values of vitamin D were also a
good predictor of those patients that did not asgspontaneous tolerance to cow’s milk

along the first year after CMPA diagnosis (e).
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