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Background: Processing of proteins in the gut and activation of T-cell suppression leads to 
systemic hyporesponsiveness to ingested protein antigens. 
Objective: The study was designed to determine whether lactobacilli, a major part of human 
intestinal microflora, can contribute to degradation of food antigens in the gut and modify 
their immunoactivities. 
Methods: Lymphocyte transformation tests were carried out in healthy adults to determine the 
mitogen-induced lymphocyte proliferative responses to bovine caseins hydrolyzed with pepsin 
and trypsin and to bovine caseins additionally hydrolyzed with enzymes derived from 
Lactobacillus casei strain GG (ATCC 53103). 
Results: In experiments done with caseins hydrolyzed with pepsin and trypsin, [3- and %l- 
caseins significantly suppressed the proliferation of lymphocytes at 0.1 and 10 ixg/ml, 
respectively, when compared with corresponding control cultures without these hydrolysates. In 
contrast, K-casein significantly stimulated the proliferation of lymphocytes at 10 ixg/ml. In 
experiments done with caseins additionally hydrolyzed with L. casei GG-derived enzymes, 
there was one consistent effect on lymphocyte proliferation: suppression by %1-, [3-, and 
K-caseins at 0.1, 10, and 1000 ~g/ml, respectively. 
Conclusions: Hydrolysis of caseins with L. casei GG-derived enzymes generates molecules 
with suppressive effects on lymphocyte proliferation. In addition, intestinal bacteria can be 
beneficial in the downregulation of hypersensitivity reactions to ingested proteins in patients 
with food allergy. (J Allergy Clin Immunol 1996;98.'216-24.) 
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Cow's milk allergy (CMA) is defined as an 
immune-mediated adverse reaction to cow's milk 
proteins. 1 The treatment  of choice is the complete 
avoidance of cow's milk antigens. In infants with 
CMA, it is necessary to use a substitute formula 
when human milk is unavailable. 2 Hydrolyzed for- 
mulas, based on cow's milk-der ived whey or ca- 
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Abbreviations used 
CMA: Cow's milk allergy 

125IUdR: Iodine 125-labeled 5-iodo-2'-de- 
oxyuridine 

PBMCs: Peripheral blood mononuclear cells 
PHA: Phytohemagglutinin 
TFA: Trifluoroacetic acid 
UHT: Ultra-high temperature 

sein, are used to provide adequate nutrition with a 
reduced antigenic load? The preliminary heat 
t reatment  of cow's milk mainly affects the confor- 
mation of proteins and facilitates their hydrolysis. 4 
Subsequent enzymatic hydrolysis with pepsin, tryp- 
sin, pancreatic extracts, and extracts from the 
intestinal mucosa causes progressive destruction of 
sequential epitopes and refines the formulas into 
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the least antigenic and allergenic form. 4 Despite 
the extensive degree of hydrolysis, adverse clinical 
reactions after the ingestion of hydrolyzed formu- 
las have been reported in a subgroup of infants 
with CMA? The hypersensitivity reactions may be 
partly due to retention of original cow's milk 
antigens or to release of biologically active pep- 
tides during the processing of hydrolyzed formu- 
las. 5-7 The ability to dampen these hypersensitivity 
reactions to cow's milk antigens would be a break- 
through in the treatment and prevention of CMA 
in infants. 

The form in which the antigen is presented to 
the immune system is crucial for the outcome of 
the immune response against the antigen, s, 9 As 
established in animal models, the development  
of systemic hyporesponsiveness to a fed antigen 
(i.e., oral tolerance)  depends on its processing in 
the gut?  °, 11 The release of tolerogenic peptides 
from the native protein may be related to its 
enzymatic degradat ion by the gut microflora. 12 
So far, the gut microflora is known to contr ibute 
to gut mucosal barr ier  functions 13 and to regu- 
late local immune responses against ingested 
antigens?4, 15 An isolated human intestinal mi- 
crofloral strain, Lactobacillus casei strain G G  (L. 
casei GG, ATCC 53103) has recently been shown 
to promote  local IgA responses against dietary 
antigens encountered  by the enteric route  and 
may therefore  aid in immune el iminat ion? 5 It is 
not yet known whether  particular strains of intes- 
final bacteria could directly modify the immunoge- 
nicity of the food antigens and consequently down- 
regulate hypersensitivity reactions. 

The objective of this study was to investigate the 
immunomodulatory activity of cow's milk proteins 
hydrolyzed with pepsin and trypsin and cow's milk 
proteins additionally hydrolyzed with L. casei G G -  
derived enzymes as evaluated by lymphocyte trans- 
formation tests in vitro. 

METHODS 
Hydrolysis of cow's milk proteins 

Cow's milk was heated at ultra-high temperature 
(UHT), 135 ° C for 2 to 4 seconds. UHT-treated milk was 
fermented with L. casei GG for 20 to 24 hours at 37 ° C. 
Bovine total casein was purified from cow's milk. 16 
Casein components ([3-, c~s1- , and K-caseins) were ob- 
tained from commercial suppliers ([3- and K-casein; 
Sigma Chemical Co., St. Louis, Mo.; c~sl-casein; Merck, 
Darmstadt, Germany). 

The hydrolysis with pepsin and trypsin was applied 
separately to milk, fermented milk, casein, and casein 
components, [3-, c~sl-, and K-caseins. Briefly, these 

were hydrolyzed initially with 0.1% pepsin in 0.1 
mol/L HC1 for 3 hours at 37 ° C, pH 2.5. After pH 
adjustment with 250 mg of NaHCO 3 and 2 mol/L 
NaOH, 0.1% trypsin was added to samples, and these 
were hydrolyzed for 5 hours at 37 ° C, pH 8.0. The 
trypsin activity was stopped by cooling the sample to 
5 ° C, and the unhydrolyzed protein was separated by 
high-speed centrifugation, 12,000 g for 20 minutes at 
5 ° C. The supernatant was filtered through a 0.22 p,m 
Millex-GV low-protein-binding sterile filter (Nihon 
Millipore Kogyo Inc., Yonezawa, Japan) and lyophi- 
lized. 

The hydrolysis with the enzyme mixture derived 
from L. casei GG was applied separately to casein and 
casein components ([3-, ~sl-, and K-caseins). The 
enzymes were isolated by using the modified method 
of Exterkate and de Veer. 17 Briefly, the enzymes were 
released by sonication of frozen bacterial cells. The 
supernatant of the centrifuged cells was separated and 
used for the hydrolysis of casein and casein compo- 
nents. The hydrolysis was carried out for 24 hours at 
34 ° C. Finally, pepsin-trypsin hydrolysis was applied to 
casein and casein components as described previously. 

Fast protein liquid chromatography (FPLC System; 
Pharmacia, Uppsala, Sweden) was used to separate 
peptide fractions in pepsin-trypsin-hydrolyzed fer- 
mented milk. A reversed-phase column (Pep RP HR 
16/10, Pharmacia) was linked to a Monitor UV-M 
absorbance detector (Shimatsu Corp., Kyoto, Japan) at a 
wavelength of 214 nm. The samples were deproteinized 
by centrifugation at 9000 g in 0.1% trifluoroacetic (TFA) 
in water. The supernatants were fractionated (A to D) 
by a gradient from 0% to 60% of 0.1% TFA in acetoni- 
trile for 30 minutes at a flow rate of 7 ml/min. Peptide 
fractions (B and C) were collected at 8-minute intervals 
and dried. On a separate chromatography run, subfrac- 
tions (BI-IV, CI-CIV: molecular weight < 2500 d) were 
obtained at 2-minute intervals (Fig. 1). 

Lymphocyte transformation test 
A modification of the whole blood micromethod for 

mitogen-induced lymphocyte transformation was 
used?8, 19 The same six to eight healthy individuals 
volunteered as blood donors for the experiments. 
Briefly, heparinized venous blood was obtained and 
diluted 1:7 with RPMI 1640 culture medium (Grand 
Island Biological Co., Grand Island, N.Y.) containing 
antibiotics. Concanavalin A (Pharmacia) and phyto- 
hemagglutinin (PHA) (PHA M: Difco Laboratories, 
Detroit, Mich.) were diluted with RPMI 1640 contain- 
ing antibiotics, with ranges of final concentrations in 
cultures from 1 to 625 p~g/ml and 5 to 1250 p,g/ml, 
respectively. In pilot experiments, mitogen-induced 
proliferation in control cultures with PHA was com- 
parable to that in control cultures with concanavalin 
A. PHA was chosen as the mitogen for further exper- 
iments. Lyophilized hydrolysates of milk, fermented 
milk, and caseins were diluted in RPMI 1640 to their 
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FIG. 1. Peptide profile (A-D) of L. casei GG-fermented milk hydrolyzed with pepsin and trypsin. 
Fractions B to Cand subfractions BI to ClVwere isolated by fast protein liquid chromatography 
with a Pep RP HR 16/10 column (Pharmacia) and 0.1% TFA in acetonitrile at a f low rate of 7 
ml/min. 

final concentrations of 0.1 ixg/ml (low), 10 p,g/ml 
(medium), and 1000 ixg/ml (high) as proven to be 
nontoxic on T cells in dye exclusion studies with eosin. 

Two sets of experiments were undertaken to inves- 
tigate the mitogen-induced proliferative responses of 
peripheral blood mononuclear cells (PBMCs) to: (1) 
milk, fermented milk, casein, and casein components 
hydrolyzed with pepsin and trypsin and (2) casein and 
casein components hydrolyzed with L. casei GG- 
derived enzymes and with pepsin and trypsin. Exper- 
iments consisted of four control cultures in triplicates 
containing: (1) 50 p.1 of RPMI 1640, (2) 25 Ixl of RPMI 
1640 and 25 Ixl of 5 ixg/ml PHA, (3) 25 txl of RPMI 1640 
and 25 ixl of 125 ixg/ml PHA, (4) 25 Ixl of RPMI 1640 and 
25 Ixl of 1250 ixg/ml PHA and corresponding test cultures 
with 25 Ixl of hydrolyzed products at three different 
concentrations. Finally, 150 ~1 of diluted blood was added 
to fiat-bottomed wells of a microtiter plate. The total 
incubation time in a humidified 5% CO2 atmosphere at 
37 ° C was 96 hours. Sixteen to 18 hours before harvesting, 
20 Ixl of iodine 125-labeled 5-iodo-2'-deoxyuridine 
(125IUdR) containing 0.25 ixCi of iodine 125 with specific 
activity of 2000 Ci/mol/L (The Radiochemical Centre, 
Amersham, U.K.) was added to each well together with 
5-fluoro-2'-deoxyuridine at a final concentration of 4 × 
10 -6 mol/L to enhance the uptake of 125IUdR. 2° To avoid 
interference of different lzSIUdR radioactivity for different 
experiment dates with our results, all counts were adjusted 
according to the reference day of 1251UdR as indicated by 
the manufacturer. 

The mitogen-induced proliferation of PBMCs was 
expressed as counts per minute, background excluded. 
The mitogen-induced proliferation of PBMCs was 
observed consistently to result in its maximum in 
control cultures containing 125 ixg/ml PHA and RPMI 
1640. The results were then presented for control 
cultures containing 125 ixg/ml PHA and RPMI 1640 
and for the three test cultures containing 125 ixg/ml 

PHA and hydrolyzed products at the low, medium, 
and high concentrations. 

Statistical analysis 
A nonparametric pairwise test (Wilcoxon signed-rank 

test) was used to compare the values in counts per minute 
of each of the test cultures with those of the control 
cultures. The level of significance wasp < 0.05. Significant 
results of pairwise comparisons were presented as suppres- 
sion or stimulation according to decrease or increase of the 
values in counts per minute in the test culture. 

RESULTS 
In vitro mitogen-induced proliferative 
responses of PBMCs to milk and caseins 
hydrolyzed with pepsin and trypsin 

In the experiments done with milk hydrolyzed 
with pepsin and trypsin, the mitogen-induced pro- 
liferation of PBMCs was suppressed at the concen- 
trations of 0.1, 10, and 1000 Izg/ml (p = 0.015,p = 
0.007, and p = 0.007, respectively) (Fig. 2). Like- 
wise, in the experiments done with casein hydro- 
lyzed with pepsin and trypsin, proliferation was 
suppressed at the concentrations of 0.1, 10, and 
1000 ixg/ml (p = 0.015, p = 0.015, and p = 0.007, 
respectively) (Fig. 3, A). 

In experiments done with B-casein hydrolyzed 
with pepsin and trypsin, there was suppression of 
proliferation only in test cultures containing 0.1 
txg/ml [3-casein (p = 0.02) (Fig. 3, B). In experi- 
ments done with asl-casein hydrolyzed with pepsin 
and trypsin, proliferation was suppressed only at 10 
ixg/ml (p = 0.007) (Fig. 3, C). In experiments done 
with K-casein hydrolyzed with pepsin and trypsin, 
proliferation was stimulated only at 10 pog/ml (p = 
0.03) (Fig. 3, D). 
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In vitro mi togen- induced proli ferative 
responses of PBMCs to caseins addit ional ly 
hydrolyzed wi th  L. casei G G - d e r i v e d  
enzymes 

In the experiments done with casein and casein 
components ([3-, %1-, or K-caseins) additionally 
hydrolyzed with L. casei GG-derived enzymes, the 
mitogen-induced proliferation of PBMCs was sup- 
pressed at 0.1, 10, and 1000 ~g/ml (p = 0.03, p = 
0.03, and p = 0.03) (Fig. 4, A-D). Altogether, the 
pattern of the proliferative responses was identical 
to that of suppression and consistent at all concen- 
trations in this second set of experiments. 

A separate set of experiments was also under- 
taken for L. casei GG-fermented milk hydrolyzed 
with pepsin and trypsin and for its peptide frac- 
tions (B and C) and subfractions (B1-BIV and 
CI-CIV). In experiments done with the L. casei 
GG-fermented milk hydrolyzed with pepsin and 
trypsin and in those done with its peptide fractions, 
the mitogen-induced proliferation of PBMCs in 
the test cultures at 0.1 and 1000 ixg/ml was signif- 
icantly different from that of the control cultures 
(Table I). In experiments done with the subfrac- 
tions, BII did not cause any significant changes in 
proliferation; whereas BI, BIII, BIV, and CI-CIV 
did. Proliferation was suppressed in experiments 
done with BIII, BIV, CII, CIII, and CIV at the 
concentration of 0.1 p~g/ml; in those done with BI, 
BIII, BIV, CI, and CII at 10 txg/ml; and in those 
done with BI, Bill, BIV, CI, CII, and CIV at 1000 
txg/ml (Table I for BI and CI). In all three sets of 
experiments, none of the hydrolyzed products in- 
duced proliferation of PBMCs in the absence of 
mitogenic stimulation (data not shown). 

DISCUSSION 

The results of this study indicate that the manip- 
ulation of cow's milk caseins in vitro with L. casei 
GG-derived enzymes modifies their immunoactiv- 
ity as evaluated by lymphocyte transformation 
tests. 

The first objective of this study was to assess the 
immunomodulatory activity of cow's milk hydro- 
lyzed with pepsin and trypsin. Pepsin and trypsin 
hydrolysis was chosen as a model because it mim- 
icks the basic enzymatic degradation in the gut. 
The lymphocyte transformation test was used to 
demonstrate the peripheral events in vivo during 
exposure to cow's milk antigens. Although compa- 
rable with regard to sterilizing efficiency, UHT 
treatment has been used instead of high tempera- 
ture, short time treatment to provide complete 
inactivation of microorganisms and their products, 
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FIG. 2. Mitogen-induced proliferative responses of PBMCs 
in vitro to milk hydrolyzed with pepsin and trypsin. The 
results are expressed as mean counts per minute for 
cultures without hydrolyzed milk (PHA + RPM11640) and 
with hydrolyzed milk (PHA + hydrolyzed milk) at three 
concentrations (0.1, 10, and 1000 ixg/ml). Horizontal lines 
represent geometric means of counts per minute of the 
eight experiments, enumerated the same for each indi- 
vidual. 

regardless of the palatability of milk. Caseins, the 
predominant proteins in cow's milk, are frequent 
stimulators of lymphocytes in patients with 
CMA. 21 Heat treatment and enzymatic degrada- 
tion of cow's milk proteins would destroy the 
conformational and sequential structure of epitopes 
and consequently might reduce their immunogenic- 
ity.4, 6 We observed that in the absence of the mito- 
genie induction, milk and caseins hydrolyzed with 
pepsin and trypsin did not stimulate the proliferation 
of PBMCs in vitro. Nevertheless, our results indi- 
cated that when induced by mitogen, milk and case- 
ins hydrolyzed with pepsin and trypsin modulated the 
proliferation of PBMCs in vitro. In this first set of 
experiments, a suppressive effect was obtained with 
milk and casein hydrolyzed with pepsin and trypsin. 
A suppressive trend was observed in experiments 
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FIG. 3. Mitogen-induced proliferative responses of PBMCs in vi tro to casein (A) and casein 
components, !3- (B), c%1 (C), and K-casein (13) hydrolyzed with pepsin and trypsin. Results are 
expressed as mean counts per minute for cultures wi thout  hydrolyzed product (PHA + RPMI 
1640) and with hydrolyzed product at three concentrations (0.1, 10, and 1000 i~g/ml). Horizontal 
lines represent the geometric mean of counts per minute of the six experiments, enumerated the 
same for each individual. 
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TABLE I. Mitogen-induced proliferative responses in experiments done with L. casei 
GG-fermented milk, hydrolyzed pepsin and trypsin and in experiments done with its peptide 
fractions B, C and subfractions BI, CI 

Mitogen + Mitogen + 0.1 l~g/ml Mitogen + 10 i~g/ml Mitogen + 1000 i~g/ml 
RPMI 1640 hydrolysate hydrolysate hydrolysate 

Fermented milk 68,000 60,000* 63,000 58,000* 
(n = 7) 4 4 , 0 0 0 - 1 0 5 , 0 0 0  40,000-94,000 3 9 , 0 0 0 - 1 0 4 , 0 0 0  35,000-99,000 
Fraction B 72,000 69,000 67,000 51,000" 
(n = 7) 54,000-97,000 50,000-96,000 45,000-98,000 32,000-82,000 
Fraction C 75,000 74,000 68,000 58,000 
(n = 5) 5 4 , 0 0 0 - 1 0 2 , 0 0 0  51,000-108,000 49,000-94,000 30,000-114,000 
Subfraction BI 83,000 75,000 66,000* 55,000" 
(n = 6) 6 3 , 0 0 0 - 1 1 1 , 0 0 0  55,000-104,000 46,000-95,000 37,000-80,000 
Subfraction CI 80,000 80,000 67,000" 64,000* 
(n = 6) 6 2 , 0 0 0 - 1 0 3 , 0 0 0  60,000-108,000 49,000-91,000 49,000-84,000 

Data presented are geometric mean(s) of measurements counts per minute of number of individual experiments (n) with 95% 
confidence intervals for the mitogen-induced cultures of peripheral blood without hydrolysate (mitogen + RPMI 1640 culture 
medium) and with hydrolysate at concentrations of 0.1 Ixg/ml (mitogen + 0.1 Ixg/ml hydrolysate), 10 ixg/ml (mitogen + 10 ~g/ml), 
and 1000 ixg/ml (mitogen + 1000 txg/ml hydrolysate). 

*Comparison with the control culture is statistically significant (p < 0.05) as determined by Wilcoxon signed-rank test. 

with the hydrolyzed %l-casein, and a stimulatory 
trend was observed in experiments with the hydro- 
lyzed K-casein. As suggested in earlier studies, K-ca- 
seins have the potency to suppress humoral immune 
responses to cow's milk antigens, whereas %l-caseins 
stimulate it. 22, 23 In our experiments the reverse was 
observed for PHA-induced proliferation, which is 
more likely to reflect T-lymphocyte responses. 24 
Hence, our results with milk and caseins hydrolyzed 
with pepsin and trypsin first confirm that essential 
parts of caseins are resistant to heat treatment and 
enzymatic hydrolysis, 4 and second, suggest that they 
retain their immunogenic characteristics at a certain 
level, as described for healthy individuals. 

The second objective of this study stems from 
the data indicating that gut-processed food anti- 
gens result in an antigen-specific systemic hypore- 
sponsiveness, whereas peripheral exposure to food 
antigens results in hyperresponsiveness. 11,12 On 
the basis of the conception that intestinal micro- 
flora might be associated with the development of 
oral tolerance, earlier studies ~5, 25.26 aimed to de- 
lineate the immune mechanisms with which particu- 
lar strains (i.e., lactobacilli) could interfere. These 
studies established that feeding lactobacilli enhanced 
mucosal antibody responses to food antigens 15, 25 and 
feeding lactic acid bacteria-fermented milk en- 
hanced the secretion of interferon--/, a cytokine 
secreted mainly by activated T-helper lymphocytes. 26 
In this study we investigated the effect of L. casei 
GG-fermented milk, hydrolyzed with pepsin and 
trypsin, on lymphocyte proliferative responses. The 
hydrolyzed L. casei GG-fermented milk modulated 

the lymphocyte proliferation in vitro at some concen- 
trations. By contrast, when its peptide fractions were 
isolated, a suppressive effect on the proliferation was 
detected with some of them (BIII, BIV, CII) at all 
three concentrations. A residual enzymatic activity is 
unlikely as the cause of this suppression because of 
deproteinization of products before fast protein liq- 
uid chromatography and a pH of 0.1% TFA in water 
and acetonitrile that was too low to retain the activity 
of pepsin and trypsin. These results suggest that L. 
casei GG-fermented milk might contain immuno- 
modulatory peptides and that hydrolysis of fer- 
mented milk with pepsin and trypsin would not 
liberate these peptides. 

On the basis of these findings, we further inves- 
tigated the direct effect of bacterial degradation on 
the lymphocyte proliferative responses to cow's 
milk proteins. We chose caseins that were shown in 
the first set of experiments to have dual effects-- 
suppression or st imulation--on proliferation. In 
the second set of experiments, when additionally 
hydrolyzed with L. casei GG-derived enzymes, 
these caseins exerted a single effect--suppression 
of proliferation. Measures were taken to stop 
enzymatic activity during preparation of these hy- 
drolysates, 17 and culture conditions were unfavor- 
able for bacterial enzyme activity? s, 19 Therefore 
the suppression appears to be a consequence of 
immunologic mechanisms. These results indicate 
that L. casei GG can directly modify the immuno- 
genicity of cow's milk caseins. The effect of intes- 
tinal bacteria on processing of gut antigens has 
previously been demonstrated for different food 
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proteins. 27 Our results, as confined to bovine caseins, 
support the conception 12 that in the gut, enzymatic 
degradation by intestinal bacteria can release tolero- 
genic peptides from the native protein. 

Clinical implications drawn from these results 
first focus on the treatment of food allergy. Elim- 
ination diets provide remission of clinical symp- 
toms and promote the development of hypo- 
responsiveness to food antigen, zS, 29 Elimination 
diets could be effective in reducing the prolifer- 
ative responses of PBMCs to food antigens in 
vitro 28 and in enhancing mucosal antibody re- 
sponses.Z8, 29 As demonstrated in animal models, 
systemic hyporesponsiveness to a food antigen is 
achieved by active immunoregulation, 3° and the 
kinetics of the response depend on the structure 
of the antigen. 31 In this study, cow's milk caseins, 
additionally hydrolyzed by L. casei GG-derived 
enzymes, were found to be suppressors of the 
proliferation. In infants who are severely allergic 
to cow's milk, hypersensitivity reactions to other 
food antigens and to extensively hydrolyzed 
cow's milk formulas are not uncommon?, 3, 5 The 
reason is that the antigenic epitopes can react 
with antigen-specific antibodies and cause IgE- 
mediated reactions. 32 At this point, immunosup- 
pressive peptides could be used to downregulate 
hyperresponsiveness of the host in general and 
consequently promote the tolerogenicity of 
cow's milk substitute formulas. 

Of equal interest are the implications of our 
results for the prevention of food-induced hyper- 
sensitivity reactions. Various environmental fac- 
tors have been documented as risk factors predis- 
posing children to the development of atopy and 
food allergy. 33 In health, as a result of continuous 
allergen exposure, the suppression of immediate 
and delayed-type hypersensitivity mechanisms with 
simultaneous preservation of IgG production and 
interferon-~/-producing T-cell reactivity (i.e., im- 
mune deviation) evolves after a phase of T-cell- 
mediated regulation. 34 Empirical elimination diets 
or prolonged breast-feeding could prevent the 
sensitization of children at risk and thereby delay 
the onset of symptoms. 35 Such preventive interven- 
tions should also be vital to secure the immune 
deviation early in life. In this context, peptides with 
suppressive effects on lymphocyte proliferation 
could contribute to the efficacy of preventive inter- 
ventions. 

This study has established that degradation of 
food antigens with L. casei GG-derived enzymes 
modifies their immunomodulatory activity and 
consequently leads to suppression of the prolifer- 

ation of PBMCs in health. It is still a long way from 
suppressing PHA responses in vitro to suppressing 
immune responses in vivo. Our investigations of 
these products are in progress to delineate their 
cellular mechanisms, as well as to assess their 
peripheral effects in vitro in patients with food 
allergy. 
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