
Background: A number of gastrointestinal disorders, including
allergic eosinophilic gastroenteritis and food protein–induced
enteropathy, have been associated with milk hypersensitivity.
The immunologic reactions appear to involve T cells that are
activated by specific food proteins.
Objective: The present study was performed to examine the
cytokine profiles of milk-specific lymphocytes from the duode-
nal lamina propria from children with milk-induced gastroin-
testinal diseases.
Methods: Duodenal biopsy specimens obtained from 10
patients with allergic eosinophilic gastroenteritis, food
protein–induced enteropathy, or both and 12 control subjects
were mechanically minced and cultured with either mitogens
(ie, polyclonal T-cell expansion) or milk proteins (ie, milk-
specific T-cell expansion). By using flow cytometry, expanded
T cells were phenotyped with anti-CD4, anti-CD8, anti-IL-4,
anti-IL-5, and anti-IFN-γ mAbs. The milk specificity of the
lines was evaluated by means of the lymphocyte proliferation
assay. In addition, the release of TH1, TH2, and TH3 cytokines
was determined after restimulation.
Results: In patients and control subjects polyclonal expansion
of mucosal lymphocytes resulted in predominantly TH1 cells.
Milk-specific mucosal T-cell lines could be established in 60%
of the patients but in none of the control subjects. In contrast
to the polyclonal expansion of T cells, the milk-specific expan-
sion of mucosal T cells showed a clear TH2 cytokine profile. On
restimulation with milk protein, these cells showed a high pro-
liferative response. They released TH2 cytokines, predominate-
ly IL-13, but failed to release TH3 cytokines important in the
development of oral tolerance.

Conclusion: The release of TH2 cytokines after stimulation of
milk-specific mucosal T cells may play a pathogenic role in the
inflammatory changes seen in milk-induced gastrointestinal
disorders. (J Allergy Clin Immunol 2002;109:707-13.)
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A variety of gastrointestinal disorders in infancy and
childhood are due to milk-induced allergic reactions.
IgE- and non–IgE-mediated hypersensitivity mechanism
each account for about one half of milk allergy–related
disorders.1 A number of clinical syndromes have been
described that include symptoms of abdominal pain,
vomiting, diarrhea, gross or occult blood in stool, and
poor growth. Significant inflammatory changes are seen
in endoscopic biopsy samples, which have been associat-
ed with immunologic reactions to particular food pro-
teins. Examples of these illnesses include milk-induced
allergic eosinophilic gastroenteritis (AEG) and food pro-
tein–induced enteropathy.2 It appears that the immuno-
logic reactions provoking these illnesses involve T cells
that are activated by specific food proteins and that elab-
orate cytokines, chemokines, or both responsible for the
inflammatory changes.

Food protein–induced enteropathy is a symptom com-
plex of malabsorption, failure to thrive, diarrhea, emesis,
and hypoproteinemia in infants that is usually related to an
immunologic reaction to cow’s milk protein.2,3 Patchy vil-
lous atrophy with cellular infiltrate on biopsy is character-
istic. Diagnosis is based on the combined findings from
endoscopies-biopsies, allergen elimination, and challenge.

AEG generally presents with postprandial nausea and
vomiting, abdominal pain, diarrhea, early satiety or food
refusal, and failure to thrive in children or weight loss in
adults.4,5 The disease is characterized by infiltration of
the intestinal walls with eosinophils, gastroesophageal
reflux, peripheral eosinophilia, and absence of vasculi-
tis.5 The immunopathogenic mechanism or mechanisms
responsible for this disease are still unclear. In a subset of
this disorder, a food-induced IgE-mediated mechanism
has been implicated. However, many patients do not have
IgE antibodies to the foods that provoke positive food
challenge responses.

The gut-associated lymphoid tissues include orga-
nized lymphoid tissues, such as mesenteric lymph nodes,
Peyer’s patches, and lymphoid follicles within the lami-
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na propria. In addition, lymphocytes are distributed dif-
fusely within the lamina propria and the epithelium. T
cells are the major regulatory component of the immune
system, and much of this regulatory function is mediated
through the elaboration of cytokines.6 Unfortunately, lit-
tle is known about T cell–generated cytokine responses
in gastrointestinal food allergy. Although it has been
shown that peripheral blood T cells from patients with
AEG secrete higher amounts of IL-4 and IL-5 compared
with those from control subjects,7 the immunopathology
of this disorder is poorly understood. In the mouse model
it was shown that mesenteric T cells from oral anti-
gen–challenged mice cultured with antigen produced
high amounts of IL-4 and IL-5 and no detectable IFN-γ.8

Much less is known about the site of inflammation in
human subjects. In patients with food allergy with
immediate-type reactions, such as urticaria, angioedema,
and anaphylaxis, elevated levels of IL-5 were found in
the gut mucosa by means of immunohistochemical stain-
ing.9 In addition, in patients with eosinophilic gastroen-
teritis, increased levels of IL-3, IL-5, and GM-CSF were
found by using the same method.10 The present study
reports for the first time the successful culture of aller-
gen-specific lymphocytes from the site of inflammation
in children with milk-induced gastrointestinal disorders.
These allergen-specific lymphocytes show a clear TH2
phenotype and the inability to release TH3 cytokines
important in the development of oral tolerance.

METHODS

Study population

Duodenal biopsy specimens were obtained from 22 children
undergoing scheduled endoscopies for the diagnosis or follow-up of
a variety of gastrointestinal complaints. Ten patients had AEG, food
protein–induced enteropathy, or both (Table I), and 12 children
were recruited as control subjects. All patients had milk-induced
symptoms (Table I). Four of the control children had primary reflux
esophagitis, 2 were given a diagnosis of dyspepsia, 1 had Heli-
cobacter pylori–induced gastritis, 1 had irritable bowl syndrome, 1
had a trachea-esophageal fistula, 1 was treated for coin ingestion, 1
had Crohn’s colitis, and 1 had abdominal pain without pathologic
findings. Informed consent was obtained, and the study was
approved by the Mount Sinai School of Medicine Institutional
Review Board.

Preparation of lymphocytes

Duodenal biopsy specimens were placed into sterile collection
medium (calcium- and magnesium-free HBSS [Sigma]) with 5%
AB serum [Gemini-Bio-Products]) and penicillin plus streptomycin
(Gibco). The specimens were washed 3 times with collection medi-
um and twice with serum-free culture medium (AIM V plus gluta-
mine and streptomycin [all Gibco]), minced into small fragments,
and placed in 24-well plates in culture media for polyclonal or milk-

specific T-cell expansion (37°C, 5% CO2). For polyclonal expan-
sion, one half of the minced biopsy specimens were placed in AIM
V culture media containing recombinant (r)IL-2 (20 IU/mL, Sigma)
and rIL-4 (5 ng/mL) at 37°C in a 5% CO2 atmosphere, allowing the
lymphocytes to migrate out of the tissue. After 1 to 2 days, some
lymphocytes began to migrate out of the tissue. At this time, mito-
gens (2 µg/mL PHA and 1 ng/mL phorbol 12-myristate 13-acetate
[PMA], Sigma) and irradiated (3000 rad) feeder mix (PBMCs
mixed from 3 unrelated donors) were added to the wells to expand
the total T-cell population. For milk-specific expansion, the other
half of the minced biopsy specimens were placed in AIM V culture
media containing only rIL-2 (20 IU/mL, Sigma) and milk proteins
(200 µg/mL total; 50 µg/mL each of α-casein, β-casein, α-lactalbu-
min, and β-lactoglobulin; Sigma). No irradiated PBMC and
PHA/PMA stimulation were used.

Flow cytometry

After 3 to 4 weeks, lymphocytes (1 × 106/mL) were stimulated
with 300 ng/mL PMA and 1.5 µg/mL calcium ionophore (Sigma) in
the presence of a protein transport inhibitor (Golgi Stop, PharMin-
gen). After 6 hours, cells were harvested, washed with PBS, and
incubated with allophycocyanin-labeled anti-CD4, anti-CD8 mAb,
or isotype control (PharMingen) for 30 minutes at 4°C in the dark.
After washing, cells were fixed with paraformaldehyde
(Cytofix/Cytoperm, PharMingen) and permeabilized with mon-
ensin (Perm/Wash Buffer, PharMingen). Intracellular cytokine
staining was performed by means of flow cytometry with FITC-
labeled anti-IFN-γ or phycoerythrin-labeled anti-IL-4 or anti-IL-5
and the corresponding isotype control (PharMingen). By using a
FACSCalibur flow cytometer and the CELLQUEST software (Bec-
ton Dickinson), 1 × 104 cells were analyzed per sample, with a gate
for lymphocytes on the basis of size and density of the cells in the
forward and sideward scatter.

Lymphocyte proliferation test

Rested lymphocytes were cultured after 3 to 4 weeks in triplicate
with or without milk proteins (200 µg/mL total; 50 µg/mL each of
α-casein, β-casein, α-lactalbumin, and β-lactoglobulin) in 96-well
flat-bottom plates. Each well contained 1 × 105 mucosal T cells in
AIM V medium. After 5 days, cells were pulsed with 1 µCi of triti-
ated thymidine (ICN) per well, harvested 16 hours later, and count-
ed in a liquid scintillation counter.

Cytokine release

Cytokines secreted into the cell-culture media were measured
after 3 days of milk-specific restimulation. Therefore rested lym-
phocytes were cultured with or without milk proteins (200 µg/mL
total; 50 µg/mL each of α-casein, β-casein, α-lactalbumin, and β-
lactoglobulin) in 24-well plates. Each well contained 1 × 106

mucosal T cells in AIM V medium. After 3 days, supernatants were
harvested, placed in aliquots, and frozen at –80°C. IL-4, IL-5, IL-
13, IL-10, IFN-γ, and transforming growth factor (TGF) β levels
were measured by means of ELISA according to the manufacturer’s
instructions (Pharmingen). In addition, IL-10 and TGF-β levels
were also determined in the supernatants of mitogen-expanded
mucosa T cells without allergen-specific stimulation.

Statistical analysis

All analyses of data were performed by using nonparametric
tests (Mann-Whitney U test for comparison between groups and
Wilcoxon signed-rank test for comparing the cytokines in super-
natant between milk-stimulated T cells and T cells cultured in medi-
um alone) with Prism 2.01 software. Differences associated with P
values of less than .05 were considered significant.

Food and drug
reactions and
anaphylax

is

Abbreviations used
AEG: Allergic eosinophilic gastroenteritis

DC: Dendritic cell
PMA: Phorbol 12-myristate 13-acetate

TGF-β: Transforming growth factor β



J ALLERGY CLIN IMMUNOL

VOLUME 109, NUMBER 4

Beyer et al 709

RESULTS

Mucosal lymphocytes in children with milk-induced
gastrointestinal disorders and control subjects were com-
pared with regard to milk specificity and cytokine pro-
file. The clinical characteristics of the children with milk-
induced symptoms are shown in Table I. In both children
with milk-induced gastrointestinal disorders and control
subjects, lymphocytes could be obtained in 75% to 90%
of the biopsy specimens when expanded nonspecifically
with mitogens (Table II). In contrast to this, only in chil-
dren with milk-induced gastrointestinal disorders could
lymphocytes be expanded during milk-specific stimula-
tion (Table II).

In both the milk-specific and polyclonal expanded
mucosal lymphocytes, intracellular cytokines were deter-
mined by means of flow cytometry. The majority of milk-
specific mucosal lymphocytes were CD4+ (median, 93%);
only a few CD8+ cells were found (median, 0.7%). The
milk-specific mucosal lymphocytes showed a predomi-
nately TH2 cytokine profile, with significantly more TH2
cells (P < .002, Fig 1) and fewer TH1 cells than polyclon-
al expanded lymphocytes. This was the case despite the
presence of IL-4 in the culture medium for the polyclonal
expanded cells, which might be expected to promote a TH2
phenotype. TH2 cells were defined as CD4+ cells produc-
ing IL-4 but no IFN-γ, TH1 cells as CD4+ cells producing
IFN-γ but no IL-4, and TH0 cells as CD4+ cells producing
both cytokines. Milk-specific expanded cells also con-
tained significantly larger amounts of intracellular IL-5
than polyclonal expanded cells (P < .0005, Fig 2).

A lymphocyte proliferation test was performed to ver-
ify that the lymphocytes expanded with the addition of
milk protein to the culture medium were milk specific.
The results are shown in Fig 3. In addition, cytokine
secretion into the cell-culture media was measured after
3 days of milk-specific restimulation. In all patients the
cytokine release showed a similar pattern, with milk-
specific release of IL-5 and IL-13 (P < .05, Fig 3).
Although it is known that activated T cells of the human
intestinal lamina propria are in general high producers of

IL-10, almost no IL-10 could be measured in the activat-
ed milk-specific T-cell lines (Fig 3). A similar low release
was found for TGF-β (Fig 3). In contrast, IL-10 and
TGF-β were found in the supernatants of polyclonal
expanded mucosal T cells from the control patients in
significantly higher amounts (IL-10: 5.9 ng/mL [0.08-
16.6 ng/mL], P < .007; TGF-β: 1.5 ng/mL [0.006-2.5
ng/mL], P < .02; data not shown).

DISCUSSION

A number of gastrointestinal disorders have been asso-
ciated with food hypersensitivity. These gastrointestinal
disorders appear to involve T cells that are activated by
specific food proteins. In the present study we were able,
for the first time, to culture milk-specific lymphocytes
from the site of inflammation in children with milk-
induced gastrointestinal diseases. We developed a
method to culture allergen-specific lymphocytes from the
lamina propria. With this method, sufficient cell numbers
were obtained to determine their phenotype and to per-
form functional studies. Using this culture method, we
were able to move from studies on peripheral blood lym-
phocytes to studies of T cells directly involved in the
allergic reaction at the site of inflammation. Although in
vitro studies in human subjects are generally limited
because cofounding factors may be excluded, important
knowledge can be added to in vivo findings in animal
models mimicking human disease.

Interestingly, allergen-induced lymphocyte prolifera-
tion could not be generated in any of the control children,
whereas nonspecific polyclonal expansion was observed
in 9 of 12 of the control children. Three biopsy speci-
mens of control children showed no lymphocyte growth
at all. This is most likely because of an insufficient num-
ber of lymphocytes in uninflamed tissue or because of
biopsy specimens that were too superficial. In contrast to
the polyclonally expanded cells, the milk-specific T cells
displayed a clear TH2 phenotype in children with milk-
induced gastrointestinal disorders. It is of interest to note
that milk-specific mucosal T cells contain large amounts
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TABLE I. Clinical characterization of patients with milk-induced gastrointestinal disorders

Patient identifier Age (y) Sex Disease: Clinical symptoms under milk ingestion Specific IgE (kU/L) Milk-specific cell growth 

A 1 M AEG, enteropathy, AD: bloody stool, <0.35 Yes
hypoalbuminemia

B 17 F AEG, AD: vomiting, diarrhea, abdominal pain <0.35 Yes
C 6 M AEG: bloody stool, reflux, abdominal pain <0.35 No
D 17 F AEG: abdominal pain, vomiting, constipation <0.35 Yes
E 5 F Enteropathy: vomiting, diarrhea, hypoalbuminemia 0.8 Yes
F 1 F AEG, AD: vomiting, diarrhea, failure to thrive 32.6 Yes
G 4 M AEG: urticaria, failure to thrive, no other specific GI 11.3 No

symptoms after milk
H 2 M AEG, AD: vomiting, diarrhea, eczema 1.34 No
I 9 M AEG, AD: abdominal pain, vomiting, retrosternal burning <0.35 No
J 2 M AEG, enteropathy: bloody stool, edema, hypoalbuminemia 0.65 Yes

All patients showed an improvement with dietary intervention.
AD, Atopic dermatitis; GI, gastrointestinal.
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of intracellular IL-4 and IL-5. However, only IL-5 (and
IL-13) levels in the supernatants increased significantly
after milk-specific stimulation; IL-4 levels did not. This
may be explained by the different stimulation of the cells.
For the measurement of intracellular cytokines, milk-
specific mucosal T-cell lines were maximally stimulated
for 6 hours with mitogens in the presence of a protein
transport inhibitor. This is a standard procedure for the
measurement of intracellular cytokines. Under this max-
imal stimulation, milk-specific T cells show a clear TH2
phenotype with the presence of intracellular IL-4 and IL-
5. The milk-specific mucosal lymphocytes were restimu-
lated only with milk protein and without mitogens to
determine which cytokines are released into the super-
natant after allergen-specific stimulation. The fact that

milk-specific mucosal T-cell lines released predominate-
ly IL-5 and IL-13 after allergen-specific stimulation sug-
gests the importance of these cytokines in food aller-
gen–induced gastrointestinal disorders. Both cytokines
have important effects on eosinophils.

Tissue eosinophilia is a hallmark of allergic inflamma-
tion. Accumulation of eosinophils in the gut is a common
feature in food-induced gastrointestinal diseases that is
regulated through a complex molecular network involving
various cytokines and chemokines. IL-5, which regulates
the growth, differentiation, and activation of eosinophils,
plays a central role in the orchestration of this
response.11,12 In the present study IL-5 was only present in
milk-specific, but not in polyclonal expanded, mucosal T
cells and was released on restimulation with milk protein.
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FIG 1. Flow cytometric analysis of CD4+ cells for the intracellular cytokines IL-4 and IFN-γ in polyclonal (A)

and milk-specific (B) expanded mucosal T cells in one of the patients with milk-induced gastrointestinal
symptoms is shown. C shows the scattergram of individual patients. Polyclonally expanded mucosal T cells
of the control group (open circles) and polyclonal (open squares and diamonds) and milk-specific (filled
squares) expansion of mucosal T cells from patients with milk-induced gastrointestinal diseases are shown.
The open diamonds represent the patients who did not show T-cell growth after milk-specific stimulation.
The bar represents the median. For easier intraindividual comparison, patient identifiers are shown for TH2
cytokines. **P < .002.
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In addition to IL-5, IL-13 was released in high
amounts. IL-13 shares many biologic activities with IL-4
and IL-5.13-15 IL-13 was found to be upregulated in the
skin of patients with atopic dermatitis, as well as in the
lungs of patients with asthma. IL-13 has many biologic
functions. It enhances the expression of class II MHC
antigen, as well as CD80 and CD86. It also induces the
low-affinity receptor for IgE (CD23). IL-13 also acts
directly on eosinophils. Like IL-5, it prolongs eosinophil
survival and thereby probably enhances the pathologic
effects of these cells at the site of inflammation.13-15 In
addition, it induces vascular cell adhesion molecule 1
expression on endothelial cells, which leads to the
recruitment of T cells, monocytes, and eosinophils.

In contrast to the clear TH2 response of the milk-
specific mucosal T cells in our study, Nagata et al16

found that lymphocytes from the Peyer’s patches display
a TH1 cytokine profile after in vitro stimulation with β-
lactoglobulin from cow’s milk. However, in contrast to
our study, the subjects in Nagata’s study were children
and adults without milk-induced gastrointestinal dis-
eases. The majority of endoscopies in their study were
conducted to investigate suspected inflammatory bowl
disease or rectal bleeding but also included patients with
hemorrhoids, polyps, or cystic fibrosis. In all cases the
ileum was macroscopically and histologically normal.
Similar results are known from studies on peripheral
blood lymphocytes. Although lymphocytes from patients
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FIG 2. Flow cytometric analysis for CD4 and intracellular IL-5 in polyclonal (A) and milk-specific (B) expand-
ed mucosal T cells in one of the patients with milk-induced gastrointestinal symptoms is shown. C shows
the scattergram of individual patients, and the bar represents the median. For easier intraindividual com-
parison between TH2 cytokines, patient identifiers are shown. ***P < .0005.
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with atopic dermatitis with and without cow’s milk aller-
gy are able to proliferate after milk-specific stimulation,
only lymphocytes from patients with cow’s milk allergy
display a TH2 cytokine profile, whereas patients without
milk allergy display a TH1 phenotype.17

In contrast to the large amount of TH2 cytokines,
almost no TGF-β or IL-10 was released from the milk-
specific mucosal T cells in the present study. Both TGF-
β and IL-10 contribute to tolerance development in the
mucosa. A unique subset of CD4+ T cells secrete TGF-β,
and these cells have been designated as TH3 cells. TGF-
β is a multifunctional cytokine with multiple roles in the
immune system. TGF-β acts as a switch factor for B
cells, increasing IgA production, and is a powerful
immunosuppressant depressing the proliferation of T
cells.18,19 TGF-β also acts indirectly on T cells by regu-
lating the function of antigen-presenting cells. It is able
to inhibit in vitro activation and maturation of dendritic

cells (DCs); critical T-cell costimulatory molecules on
the surface of DCs become inhibited, and the antigen-
presenting capacity of the DCs is reduced.20 TGF-β
knockout mice present with generalized inflammatory
infiltrates and uncontrolled B-cell responses, such as a
lack of anti-inflammatory IgA in the gastrointestinal tract
and elevated IgE levels.21 It was also shown that TGF-β
in colostrum seems to prevent the development of atopic
disease during exclusive breast-feeding and promotes
specific IgA production in human subjects.22

Similar to TGF-β IL-10 is known to suppress T-cell
proliferation either by acting directly on T lymphocytes
or by interfering with T-cell–antigen-presenting cell
interactions.23,24 IL-10 initiates peripheral tolerance by
blocking the CD28 costimulatory signal in T cells.
Coprecipitation experiments revealed that on stimula-
tion, CD28 and IL-10 receptor are physically associated
in T cells.25 Blocking of IL-10 enhances IL-4 and IL-13
secretion. In contrast to peripheral blood lymphocytes,
activated T cells of the human intestinal lamina propria
are high producers of IL-10.26 It has been shown that
chronic enterocolitis develops in IL-10 knockout mice.27

In the present study we were able to show that milk-
specific mucosal T cells in children with milk-induced
gastrointestinal diseases display a cytokine profile that
promotes an allergic response but lacks the generation of
immunosuppressive cytokines, such as IL-10 and TGF-β.
These findings might explain the inflammatory changes
seen in milk-induced gastrointestinal disorders.

We thank Scott Sicherer, MD, and Margret Magid, MD, for help-
ful discussions.
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FIG 3. Whisker plot of TH2, TH1, and TH3 cytokine release and proliferation after restimultion of milk-spe-
cific mucosal T cells with milk. Shown are the median, 25th-75th percentile, and range in the 6 patients with
positive responses to milk-specific stimulation. *P < .05.

TABLE II. Growth of T cells in culture

Patients with milk- Control

induced GI disorders subjects

Nonspecific expansion 90% (9/10) 75% (9/12)
Milk-specific expansion 60% (6/10) 0% (0/12)

Shown is the percentage of cultures that show cell growth under the given
culture conditions. In addition, total numbers are given in brackets. If no
cell growth was observed within 4 weeks, biopsy material was discarded.
GI, Gastrointestinal.
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