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Background: Cow’s milk—sensitive enteropathy (CMSE) is an
important cause of chronic diarrhea and failure to thrive in
infancy. The immunopathology of the mucosal lesion associat-
ed with CMSE has not yet been described.

Objectives: This study investigated the eosinophil activation
and the role of adhesion molecules in the pathogenesis of
intestinal mucosal damage associated with CMSE.

Methods: Twenty-one patients with chronic diarrhea and
abnormal mucosa on duodenal biopsy specimens were includ-
ed. The patients had negative responses to skin prick tests and
RASTs with milk. Fourteen patients were diagnosed with
CMSE by milk challenge test and were designated as the
CMSE group. Seven patients with no milk intolerance were
defined as the non-CMSE group. Four infants with frequent
vomiting and no mucosal abnormalities were also studied as
the control group. Immunohistochemical stains for eosinophil
major basic protein (MBP), vascular cell adhesion molecule-1
(VCAM-1), and intercellular adhesion molecule-1 on endo-
scopic duodenal biopsy specimens were performed.

Results: The degree of eosinophil degranulation, as evidenced
by localization of extracellular MBP, was significantly greater
in the CMSE group compared with the non-CMSE and control
groups (P < .05). Expression of VCAM-1 on mononuclear cells
was higher in the CMSE group compared with the non-CMSE
and control groups P < .05). The severity of villous atrophy
was positively correlated with the deposition of MBPr(= 0.79,
P <.001).

Conclusion: These results strongly suggest eosinophils and
VCAM-1 are implicated in the pathogenesis of mucosal dam-
age associated with CMSE. (J Allergy Clin Immunol
1999;103:1195-201.)
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Cow’s milk—sensitive enteropathy (CMSE) is a tem-
porary disorder in infancy characterized by abnormal
small intestinal mucosa during the period in which cow’s
milk is included in the diet. The abnormality is reversed
by a cow’s milk—free diet but recurs with a subsequent
resumption of cow’s milk. The onset of symptom may
be acute but is more often insididusgsulting in chron-
ic and persistent diarrhea. Walker-Smith €t ahd
Manuel et & previously described small intestinal biop-
sy specimens from patients with milk intolerance as con-
taining patch lesions with partial villous atrophy. How-
ever, it is not always possible to differentiate CMSE from
other causes of chronic diarrhea with the same gross and
histologic appearancég.

The exact mechanism causing the loss of surface
epithelial cells leading to villous atrophy in CMSE is at
present not clear. The role of IgE-mediated hypersensi-
tivity in the acute cutaneous reactions of patients with
cow's milk allergy is well establish€tf However, the
immune responses associated with delayed-onset gas-
trointestinal symptoms remain undetermiriéd.

In this study we measured eosinophil granule major
basic protein (MBP), vascular cell adhesion molecule-1
(VCAM-1), and intercellular adhesion molecule-1
(ICAM-1) directly on duodenal biopsy specimens to
investigate their roles in the pathogenesis of mucosal
damage associated with CMSE.

METHODS
Patients and control subjects

one patients with chronic diarrhea who underwent both
milk challenge tests and duodenal biopsies were included. All infants
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tive responses to skin prick tests and RASTs with milk. The subjects
were divided into 2 groups (ie, the CMSE and non-CMSE groups) by
the responses to the elimination and reintroduction of cow’s milk.
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TABLE I. Diagnostic challenge tests with cow’s milk TABLE Ill. Scoring of MBP staining
Day 1 Y. to¥.-strength formula; 10 mL at@v; 10 mL at 10am Score Intensity Extent (%)
and NPO for observation 0 None 0
Day 2 Full-strength formula; 10 mL, 20 mL, 30 mL, 40 mL, and
. . 1 Weak <10
60 mL at 1-hour intervals and NPO for observation
Day 3 Normal milk intake appropriate for age and observation 2 Moderate 10-25
y pprop 9 3 Strong 25-50
NPO,Nothing by mouth. 4 Very strong >50

TABLE Il. Clinical features after cow’s milk challenge in
patients with CMSE eosin and viewed for villous atrophy and infiltration of lympho-
plasma cells, neutrophils, and eosinophils.

Reaction Onset Colic Vomiting Diarthea Ad:);::::i:?ll For immunohistochemical staining, sections were placed onto
organosilane-coated slides (Fisher Biotech) and stained with a
Intermediate  1-24h  1/9 5/9 9/9 5/9 microprobe system (Fisher Scientific Co). After deparaffinization,
(n=29) the slides were pretreated with Autoblocker (Research Genetics) to
Late(n=5) >24h  0/5 1/5 5/5 1/5 block endogenous peroxidase followed by proteinase-Hig20L,
Sigma) and 3 washes with PBS. Slides were incubated with specif-
ic primary antibodies (1:50) for 20 minutes at 40°C. The mAbs used
were anti-ICAM-1 (1H4, NeoMarkers), anti-VCAM-1 (1.4C3,
Abbreviations used Serotec), and anti-eosinophil MBP (BMK 13, Monosan). An irrele-
CMSE: Cow’s milk—sensitive enteropathy vant mouse IgG1 mAb was used as a negative control. A biotinylat-
ICAM-1: Intercellular adhesion molecule 1 ed secondary antibody (Histostain-plus kit, Zymed laboratories Inc)
MBP: Major basic protein was added and visualized by using avidin-linked peroxidase. The
VCAM-1: Vascular cell adhesion molecule 1 sections were then counterstained with Harris-hematoxylin, mount-
ed in glycerol, and viewed under light microscopy.

Quantification

. . Extracellular MBP deposition was assessed semiquantitatively
The CMSE group consisted of 14 patients, aged from 24 days tCOn a scale of 0 to 4 in increments of 0.5 according to the extent and

8 months, all demonstrating signs of failure to thrive. These patients,

. P . intensity of staining® (Table 1II). The endothelial staining of
became asymptomatic soon after the elimination of milk from the L
. : ) ) .. ICAM-1 and VCAM-1 was graded on a scale of 0 to 4 in increments
diet. Diagnostic milk challenges (Table I) were performed with

: . ; of 0.5 as described by Fukuda €ttaD, no staining; 1, focal and
parental consent, causing a recurrence of symptoms including vom

o . . . . . weak staining; 2, weak staining of most vessels; 3, moderate stain-

iting, diarrhea, and abdominal distension. The time of symptom. . s
) . ing of most vessels; and 4, strong staining of all vessels. The expres-

onset after challenge was between 1 and 24 hours in 9 patients ar_.

. . - sion of VCAM-1 and ICAM-1 on mononuclear cells was assessed

after 24 hours in 5 patients (Table II). These patients belonged to ths . . .

. . . - . ... as the number of stained cells per 100 lamina propria cells at a mag-

intermediate- and late-reacting groups of patients with cow’s milk

allergy as described by Firer etatients with bacterial and pro- nification of 40@' .
: The severity of villous atrophy was assessed on a scale of 0 to 3
tozoal diseases were excluded.

The non-CMSE group consisted of 7 patients, aged 18 days to 1,(|e, .0’ none; 1, mild; 2, modera_te;_ an(_] 3, severe) by the criteria of
. A S : -~ "Whitehead2 and the degree of infiltration of cells was assessed on
months. Diarrhea persisted after elimination of milk from the diet ) . . .
- ) . } . . ascale of 0 to 3 (ie, 0, none; 1, mild; 2, moderate; and 3, severe) as
(parenteral nutrition or protein hydrolysate). Six patients in this described by the Svdnev svstéfn
group tolerated a soy formula followed by reintroduction of milk to y yaney sy '
the diet after an initial clinical improvement. One patient died of Gtatistical analysis
necrotizing enterocolitis. Rotavirus was identified in 3 patients, and ) )
Differences between groups were analyzed by using the Mann-

Escherichia coliwas identified in 1 patient. - : - -
Whitney U test. Correlation coefficients were calculated with the

Four infants, aged 2 to 8 months, in whom a duodenal endoscop3S K hod. Probabi | fI han 05
was performed for frequent vomiting, served as control subjects pearman ran r_ne_t od. .ro_‘_‘:\ i) values of less than .05 were
accepted as statistically significant.

after their biopsy specimens were diagnosed as normal.

Duodenal biopsy RESULTS

Duodenal biopsy specimens were obtained during upper gas Duodenal biopsy specimens demonstrated patch
trointestinal endoscopy by using a 7.9-mm Olympus GIF XP 20.|esions in both the CMSE and non-CMSE groups. The

Sedation with valium (0.3 mg/kg) or meperidine (1 to 2 mg/kg) was severity of villous atrophy was not significantly different
required in some infants. Each infant had a biopsy as soon as posshatyween the 2 groups.

ble after admission. Second biopsies were performed in 7 patient:
from the CMSE group after clinical improvement. The mean inter-
val between the first and second biopsies was 3 weeks.

The extracellular deposition of MBP was mainly pre-
sent in the lamina propria (Fig 1) and was significantly
greater in the CMSE group than in the non-CMSE group
Immunohistochemical study and control subjects (median value: 3 vs 1.5 and 3 vs 1,

Biopsy specimens were immediately fixed in 10% neutral- f€Spectively;P < .05; Fig 2). The degree of eosinophil
buffered formalin fixative and embedded in paraffin. They were infiltration in the CMSE group was not significantly
coded and assessed in blinded fashion by 2 observers. One tissigreater than that found in the non-CMSE group and the
section (approximately im) was stained with hematoxylin and control group (median value, 1.5 vs 1.5 vs 1, respective-
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FIG 1. Extracellular deposition of MBP was mainly seen within mucosal lamina propria.
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FIG 2. Extracellular deposition of MBP was significantly greater in the CMSE group compared with the non-
CMSE and control groups (P < .05, respectively). Median values are represented by horizontal bars.

ly). There was no significant correlation between MBPcells in both the CMSE and non-CMSE groups.
deposition and eosinophil infiltration. Immunoreactivity for ICAM-1 was also detected in the
VCAM-1 on the surface of the vascular endotheliumextracellular space, which may have resulted from the
was weakly expressed in mucosa and submucosa and cshedding of ICAM-1 (Fig 5). No significant difference
not differ among the groups. However, VCAM-1 expres-was observed between the two groups (Fig 6).
sion on mononuclear cells in the lamina propria (Fig 3) The severity of villous atrophy was positively corre-
was significantly greater in the CMSE group compareclated with the extracellular deposition of MBP=<0.79,
with the non-CMSE and control groups (25.6% =+ 10.7%P < .001; Fig 7) but not with the expression of adhesion
vs 12.1% + 9.1% and 25.6% * 10.7% vs 4.1 + 4.6%,molecules or infiltration of specific inflammatory cells.
respectivelyP < .05; Fig 4). Significant recovery of villous atrophy (median value,
ICAM-1 was strongly expressed on endothelial cells2.5 vs 0.5P < .001) and decrease of extracellular MBP
of capillaries and venules, as well as on inflammatorydeposition (median value, 3.5 vs P; < .05) were
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FIG 3. VCAM-1 expression on mononuclear cells was observed within mucosal lamina propria.
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FIG 4. VCAM-1 expression on mononuclear cells in mucosal lamina propria was significantly higher in the
CMSE group compared with the non-CMSE and control groups (P < .05, respectively). Mean values are rep-
resented by horizontal bars.

observed on second biopsies compared with the findingificantly increased extracellular MBP deposition in the
of the first biopsies in 7 patients from the CMSE group.duodenal mucosa of patients with CMSE. The severity of
However, there were no significant changes in themucosal villous atrophy was significantly correlated with

expression of VCAM-1 and ICAM-1. the extracellular deposition of MBP.
The mucosal infiltration of eosinophils, however, was
DISCUSSION not significantly greater than that found in the non-

In vitro studies have shown that MBP damages tra-CMSE patients and control subjects. The extensive extra-
cheal epithelium, intestine, spleen, skin, and PBMCs in ecellular deposition of MBP in the absence of a prominent
dose-related fashioW:14-160ur study demonstrated sig- accumulation of intact eosinophils in tissue has been
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FIG 5. Robust expression of ICAM-1 on vascular endothelial cells and inflammatory cells in mucosal lamina
propria.
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FIG 6. ICAM-1 expression increased in both CMSE and non-CMSE groups without significant intergroup dif-
ference. Mean values are represented by horizontal bars. NS, Not significant

observed in previous studig&200ur results suggest that ence. However, the expression of VCAM-1 on mononu-
the degranulation of eosinophils, as demonstrated by thclear cells was significantly higher in the CMSE group
localization of MBP, is implicated in the pathogenesis ofcompared with the non-CMSE and control groups. A pre-
mucosal damage in CMSE, and an assessment wious study examining celiac disease showed moderate
eosinophil involvement in disease cannot be based sinfVCAM-1 expression in the rectal mucosa that was con-
ply on numbers of eosinophils in tissue. fined largely to mononuclear cells in the lamina pro-
We measured the expression of VCAM-1 and ICAM- pria2! In that study a gluten challenge induced a signifi-
1 in duodenal mucosa to investigate their roles in CMSEcant increase in VCAM-1 expression on mononuclear
VCAM-1 expression on endothelial cells was weak orcells with the concurrent rise of CD8ells. This finding
absent and did not show a significant intergroup differ-is consistent with our results and suggests that VCAM-
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FIG 7. There was a statistically significant relationship between the severity of villous atrophy and the extra-
cellular MBP deposition in the CMSE group (r=0.79, P <.001).
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