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Serum granzymes and CD30 are increased in
children’s milk protein sensitive enteropathy
and celiac disease

Merja T. Augustin, MD,a Jorma Kokkonen, MD,c Riitta Karttunen, MD,b

and Tuomo J. Karttunen, MDa Oulu, Finland
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Background: Cow’s milk protein sensitive enteropathy (CMSE)

and celiac disease (CD) associate with upregulation of local

intestinal immune responses, including activation of cytotoxic

lymphocytes.

Objective: We investigated whether this upregulation can be

detected at the systemic level by analyzing serum

concentrations of granzymes A (GrA) and B (GrB), soluble

Fas, and CD30.

Methods: Fifty-seven children with a final diagnosis of CMSE

in 23 subjects (18 untreated and 5 on a diet), 20 untreated CD

patients, and 14 control subjects with no gastrointestinal

disease were examined by endoscopy for gastrointestinal

complaints. Duodenal biopsies were studied for basic histology,

CD3, ab and gd T-cell receptors (TCRs), and serum samples

by commercial ELISA assays.

Results: Concentrations of GrA and GrB were significantly

higher in untreated CMSE and in CD as compared with the

control subjects. Measurable GrB was present in only 20% of

the control subjects but in 100% of patients with CMSE. CD30

was similarly increased in both untreated CMSE and CD cases,

whereas in treated CMSE cases the concentrations were equal

to the control subjects. All groups showed similar soluble Fas.

The numbers of duodenal CD31, ab- and gd-TCRs correlated

with the serum granzyme and CD30 levels.

Conclusion: The intestinal immune response in CMSE and CD

is manifested by the increase in serum GrA, GrB, and CD30;

the measurement of these markers provides a new practical

and objective complementary means for diagnosis and

assessment of treatment response. However, this has to be

confirmed by more studies before routine use. (J Allergy

Clin Immunol 2005;115:157-62.)
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Immune-mediated sensitivity to food antigens is an
increasingly common problem affecting up to 7% of
children. During infancy, the common type is food allergy
mediated by immediate hypersensitivity.1 In older chil-
dren delayed responses activated locally on the gastroin-
testinal mucosa are increasingly involved; cow’s milk
protein sensitive enteropathy (CMSE) is the most familiar
clinical entity. The prevalence of CMSE has been
estimated to be about 2% to 3% in unselected subjects at
school age.2-4 Food-borne symptoms have also been
associated with irritable bowel syndrome.5 In all these
states diagnostic modalities have so far remained in-
complete.

Symptoms of delayed food hypersensitivity vary and
are often inconclusive. They frequently include recurrent
or chronic abdominal pains and diarrhea or constipation,
bloating, blood in the stool, and anemia.6,7 Many of these
symptoms, shared by several gastrointestinal or other
diseases, are commonly encountered in clinical practice.
The definite diagnosis of food hypersensitivities is dif-
ficult; skin tests and measurement of allergen-specific IgE
antibodies usually remain negative in CMSE.1,8

Accordingly, conclusive diagnosis of food hypersensitiv-
ity may require both exclusion of conditions with similar
symptoms and a tedious elimination challenge test, in
which both positive and negative results are sometimes
difficult to interpret.9

We and others have recently shown immunohisto-
chemically that CMSE in children is associated with an
increment in the duodenal intraepithelial lymphocytes
(IELs) including T-cell restricted intracellular antigen type

Abbreviations used

CD: Celiac disease

CMSE: Cow’s milk protein sensitive enteropathy

GrA: Granzyme A

GrB: Granzyme B

IEL: Intraepithelial lymphocytes

LNH: Lymphoid nodular hyperplasia

NK cell: Natural killer cell

sFas: Soluble Fas

TCR: T-cell receptor

TIA-1: T-cell restricted intracellular antigen type 1
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1 (TIA-1),10,11 perforin, and granzyme A (GrA) (Augustin
et al, unpublished observations) positive and gd T-cell
receptor (TCR) bearing T lymphocytes.2,12 These findings
indicate that abnormal lymphocyte response involving
lymphocyte cytotoxicity may be important in the patho-
genesis of this type of food hypersensitivity. In some
patients, the mucosal abnormality may be widespread in
the gastrointestinal tract, extending to the ileal and colonic
mucosa.7 A similar but much more abundant increase in
cytotoxic IELs in intestinal mucosa is characteristic of
celiac disease (CD),13-15 in which the expression of
apoptosis-inducing FasL is also increased in intestinal
lymphocytes15; these abnormalities lead to an enterocyte
apoptosis and villous atrophy.16

There is an urgent need for noninvasive tests that would
help in the categorization of chronic gastrointestinal
symptoms into those with and without a role in immuno-
logically mediated response to food constituents. In
addition to preliminary diagnosis of CMSE, such tests
might possibly be used to complement serologic tests for
CD such as transglutaminase antibody determination to
increase their specificity by helping to correctly classify
borderline results and thus avoid unnecessary endos-
copies.17,18 Furthermore, such tests could be used in
objective monitoring of the effect of dietary elimination
and challenge and so help in confirming the diagnosis and
in determining appropriate dietary restrictions.

Hoping to find new clinically usable diagnostic tools for
CMSE and CD in the present preliminary study, we have
tested whether mucosal immune activation can be esti-
mated by analyzing the serum levels of different types of
immune activation marker. Serum determination of two
well-defined and characterized markers of cytotoxic
activation, GrA and granzyme B (GrB), was used to
determine cytotoxic activation.19 The overall lymphocyte
activation was monitored by serum CD30 determination,
which is a member of the tumor necrosis factor/nerve
growth receptor superfamily and is mainly released by
CTLs and natural killer cells (NKs) dependent on their
activation.20 Serum sFas, an apoptosis-related protein,21

was investigated because an increase in the apoptosis rate
has been observed in CMSE (Augustin et al, unpublished
observations) and in CD.16 Finally, because significant
differences in some of these markers were apparent
between the patient groups, we wanted to see whether
there was any relationship between the serum levels and
the local immunologic activation in the intestinal mucosa
as shown by the density of different categories of duodenal
IELs.

METHODS

Patients

This study consisted of an unselected series of 57 children with

a mean age of 10.2 years (range, 4-15 years; 22 males) referred to the

Oulu University Hospital, Finland, for pediatric gastroenterologic

consultation because of refractory gastrointestinal complaints.

Twenty-three of the patients (mean age, 9.2 years; range, 4-15

years; 11 males) were diagnosed as CMSE cases. They had been
referred for various symptoms; the dominant symptom was abdom-

inal pain in 11 patients, diarrhea or loose mucous stools in 12, four of

whom had blood in stools. Diagnosis of CMSE was based on an open

elimination and challenge test that resulted in the disappearance of the

symptoms on a milk elimination diet (2 weeks) and their reappear-

ance in an open challenge test with low lactose milk powder and

written symptom diaries. The test continued for another 2 weeks if

symptoms did not manifest earlier.2,6 Abdominal pain, diarrhea or

loose mucous stools, and exacerbation of dermatitis were each

considered as a positive result. In cases with atopic symptoms,

possible IgE-mediated food allergy was assessed by determination of

milk-specific IgE concentration (RAST test); all 8 remained negative.

Of the patients with CMSE, 18 (mean age, 9.3 years; range, 4-15

years; 9 males) were studied before the definite diagnosis was

assessed, whereas 5 (mean age, 9 years; range, 6-14 years; 2 males)

were studied during the elimination diet.

The other group consisted of 20 patients with CD (mean age, 10.5

years; range, 5-15 years; 5 males) diagnosed according to the

acknowledged criteria.22 Only those with subtotal or total villous

atrophy with crypt hyperplasia in the duodenal sample were included.

Referral symptoms were diarrhea or loose mucous stools in 12

patients, abdominal pain in 5, growth retardation in 2, and recurrent

vomiting in 1 patient. Four of the CD patients showed patchy villous

atrophy in the upper duodenal samples and were considered to have

mild CD.

The control group consisted of 14 subjects (mean age, 11.4 years;

range, 6-15 years; 6 males) referred and examined for exclusion of

any definite gastrointestinal diseases. Four subjects with both

recurrent abdominal pains and diarrhea and 2 subjects with abdom-

inal pains were tested with a similar milk elimination and challenge

test as the CMSE group, but the results remained negative. The

occasional abdominal pains of the other 5 control subjects indicated

no need for elimination and challenge test, and the symptoms

subsided during a long follow-up of at least 6 months with milk-

containing diet. None of the 3 subjects with eating disorders had any

abdominal symptoms, which would have indicated the need to

perform elimination and challenge tests. After an adequate examina-

tion and follow-up it was concluded that none of the 14 control

subjects had a manifest gastrointestinal disease and/or that the symp-

toms had remitted.

The Ethics Committee for Clinical Science of Oulu University

Hospital approved the study protocol. Informed, written consent was

obtained from all the parents of the study children.

Procedures

Serum samples were evaluated by the ELISA method for GrA and

GrB (Pelikine Human Granzyme A and Pelikine Human Granzyme

B; CLB, Amsterdam, The Netherlands), serum soluble Fas (R&D

Quantikine human sFas; Minneapolis, Minn), and CD30 (Bender

MedSystems GmbH, Vienna, Austria). All samples were analyzed

simultaneously by using the manufacturer’s instructions. GrA and

GrB concentrations were expressed as units/mL and those of soluble

Fas (sFas) and CD30 as pg/mL.

The biopsy samples from the bulb of the duodenum were

embedded in an OCT compound (Miles Laboratories, Elkhart, Ind),

frozen in liquid nitrogen, and stored at 270�C until analysis. Sections

of 5 mm were fixed in methanol for 3 minutes at 14�C and stained by

using the Vectastain Elite ABC kit (Vectastain PK 6102; Vector

Laboratories, Burlinghame, Calif) and antibodies for CD3 (mAb Leu-

4; Becton Dickinson, San Jose, Calif), ab-TCR molecules (MAb

bF1; Endogen Inc, Woburn, Mass) and gd-TCR molecules (Mab

TCR-g; Endogen Inc), as described previously.12 The cell densities

were counted by a person blinded for all other data.
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TABLE I. Numbers of duodenal intraepithelial CD3+ T cells and ab- and gd-TCR–bearing cells (cells/mm) in control

children and in children with untreated or treated CMSE or untreated CD

Cell type CTRL (n = 14) CMSE (untreated) (n = 14) CMSE (treated) (n = 3) CD (n = 20)

CD3 14 (16), 6-28 26 (30), 14-67 14 (16), 13-23 54 (58), 33-100

ab-TCR 12 (13), 4-33 20 (23), 9-50 10 (15), 10-26 35 (35), 9-63

gd-TCR 1 (1), 0-5 4 (6), 0-22 2 (2), 1-3 21 (23), 4-53

CD3 ab-TCR gd-TCR

CTRL/CMSE (untreated) P = .005 CTRL/CMSE (untreated) P = .003 CTRL/CMSE (untreated) P = .015

CTRL/CD P < .001 CTRL/CD P < .001 CTRL/CD P < .001

CMSE (untreated)/CD P < .001 CMSE (untreated)/CD P = .008 CMSE (untreated)/CD P < .001

CMSE (treated)/CD P = .006 CMSE (treated)/CD P = .035 CMSE (treated)/CD P = .001

Median (mean) and range are indicated. Groups were compared with the Kruskal-Wallis test; significant differences are indicated.

CTRL, Control subjects.
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Statistical methods

The data were analyzed by SPSS (Release 11.5; SPSS Inc,

Chicago, Ill). Because of skewed, non-normal distribution of serum

concentrations and cell densities in most of the patient groups, the

nonparametric Mann-Whitney U test and Kruskall-Wallis test were

used to estimate the significance of differences between the groups.

Results are expressed as medians, and the mean is also indicated. A

P value of <.05 was considered significant.

RESULTS

Endoscopic and immunohistochemical
findings

Lymphoid nodular hyperplasia (LNH) of the duodenal
bulb was a characteristic endoscopic finding in 8 (35%) of
23 CMSE subjects, but it was also found in 2 CD patients
and 2 control subjects (data not shown). None of the
CMSE patients or control subjects had the villous atrophy
or crypt hyperplasia typically seen in all CD cases.
Endoscopic esophagitis was found in 3 CMSE patients
and 2 control subjects and endoscopic gastritis in 5 CMSE,
3 CD, and 4 control patients. All IEL counts were higher in
CD patients than among the other groups (Table I). The
untreated CMSE patients had significantly higher densi-
ties of CD3, ab- and gd-positive T cells in duodenal
samples than the control subjects. However, in all CMSE
cases on a diet, the densities were comparable with the
control subjects (Table I).

Serum concentrations of GrA, GrB, sFas,
and CD30

The serum concentrations of GrA, GrB, and CD30 in
children with CMSE, CD, and control subjects are shown
in Figs 1 through 3. Subjects with untreated CMSE
showed significantly increased concentrations as com-
pared with control subjects and the treated CMSE group.
In CD, these levels were similarly increased as compared
with control subjects, but they remained somewhat lower
than in the CMSE patients (Figs 1 through 3). Only 20% of
the children in the control group (3/15) and in the treated
CMSE group (1/5) showed measurable levels of GrB,
whereas 100% (18/18) in the untreated CMSE and 65%
(13/20) in the CD group showed a measurable amount of
GrB (P < .001; x2 test). By using the reference values
provided by the kit manufacturer (below 60 units/mL for
GrA and below 40 units/mL for GrB), both control
subjects and patients with treated CMSE showed normal
concentrations. With CD, GrA was increased in 40% of
cases (8/20; P = .011 compared with control subjects)
and GrB in 30% (6/20; P = .032 compared with control
subjects). In CMSE 50% of patients (9/18) showed an
increase in GrA (P = .002 compared with control sub-
jects) and 72% (13/18) in GrB (P < .001 compared with
control subjects). Four patients with CD showing patchy
villous atrophy had significantly less GrA (median, 6
units/mL; range, 0-19 units/mL) than CD patients with
continuous villous atrophy (median, 60 units/mL; range,
0-607 units/mL; P = .029). All the IEL subtype densities
in these 4 patients were, however, at the same level as the
remaining CD patients. Serum sFas concentrations were
similar in the control subjects (median, 4200 pg/mL,
range, 3100-5200 pg/mL), in untreated CMSE (median,
3950 pg/mL; range, 2600-5400 pg/mL), treated CMSE

FIG 1. Scatterplot showing serum granzyme A concentration (units/

mL) in control subjects, patients with CMSE, treated CMSE, and

CD. In the CD group subjects with mild disease (see Methods) are

indicated by black dots. Lines indicate median values. Statistical

significance was assessed with the Kruskal-Wallis test.
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(median, 4000 pg/mL; range, 3200-4700 pg/mL), and CD
(median, 4200 pg/mL; range, 3200-5200 pg/mL).

There was a high positive correlation between GrA and
GrB concentrations (r = 0.76; P < .001, Spearman) and
between the granzymes and CD30 (r = 0.47; P< .001) in
the whole study group. In subgroup analysis, the markers
showed similar interdependence in CD (P < .026). In
CMSE, only GrA and GrB showed a significant correla-
tion (P < .001), and in the control group none of the
markers showed any significant correlation.

Intraepithelial lymphocyte densities
and serum markers

We then analyzed the correlations of IEL densities and
serum marker concentrations to find possible evidence for
interdependence. Serum GrA across the whole study
material (N = 57) showed a significant correlation with
the numbers of all cell categories including CD3, ab-and
gd-TCR–bearing IELs (Table II), whereas GrB correlated
with the numbers of CD3 and gd-TCR–bearing IELs
(Table II). CD30 concentration showed significant corre-
lation with all cell types; correlation with the numbers of
gd-TCR–bearing IELs was highly significant. In contrast,
sFas showed no significant relationship with cell counts
across the whole material, but in subgroup analysis, sFas
and CD3 counts correlated in CD (r = 0.513; P = .021).
In untreated CMSE, the number of gd-TCR–bearing
IELs correlated with CD30 concentration (r = 0.707;
P = .01) and in the control group with GrB (r = 0.719;
P = .004).

DISCUSSION

The major finding in this study was that for the first time
the immune response taking place locally on the mucosa

FIG 2. Scatterplot showing serum granzyme B concentration (units/

mL) in control subjects, patients with CMSE, treated CMSE, and

CD. In the CD group subjects with mild disease (see Methods) are

indicated by black dots. Lines indicate median values. Statistical

significance was assessed with the Kruskal-Wallis test.
of the gastrointestinal tract could be evaluated by using
a measurement of serum samples. Serum GrA, GrB, and
CD30 levels were significantly increased in children with
untreated CMSE, whereas the concentrations were low
among control subjects without evidence of gastrointes-
tinal disease. Untreated CD patients showed an increment
quite similar to the CMSE group. The finding that the
serum concentrations of these proteins were at normal
levels in patients with treated CMSE with an appropriate
elimination diet indicates that the serum response is
dependent on antigen exposure and is not a constant
phenomenon in patients with CMSE.

Significant correlations between serum GrA, GrB, and
CD30 levels and the numbers of CD31 duodenal IELs
including gd-TCR–bearing T cells strongly suggest that
serum concentrations are indeed related to immunologic
activation in the intestine. Our results indicate that the
measurement of serum granzymes and CD30 might pro-
vide a novel noninvasive way of monitoring immune-
mediated intestinal diseases both during the initial
diagnosis and in the assessment of treatment response.
So far, there have been no such tests for these purposes,
although measures of this kind would often be useful in the
confirmation of diagnosis of CMSE and other food-
allergic disorders1,9 and possibly even in the assessment
of the clinical significance of results of serologic tests for
CD.17,18

The endoscopic and immunohistochemical findings of
duodenal biopsies confirm our previous findings concern-
ing the mucosal state in the duodenum of patients with
CMSE. We found LNH in one third of the CMSE subjects
and a significant elevation in the densities of intraepithelial
CD3, ab- and gd-positive T cells in the duodenum,12,23

indicating that CMSE should be included in the differen-
tial diagnostic consideration when increase in IELs,
a hallmark of CD,18 is seen in biopsies, or LNH is seen
at endoscopy.

FIG 3. Scatterplot showing serum CD30 concentration (pg/mL) in

control subjects, patients with CMSE, treated CMSE, and CD. In the

CD group subjects with mild disease (see Methods) are indicated

by black dots. Lines indicate median values. Statistical significance

was assessed with the Kruskal-Wallis test.
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In CMSE, the concentrations of GrA and GrB showed
most discriminative values in comparison with control
subjects. Detectable levels of GrB were present in about
20% of control subjects; all concentrations were within the
normal range, but 100% of subjects with CMSE showed
measurable GrB, and in 72% the value exceeded the
normal range. Similarly high prevalence figures were seen
in CD as well but, interestingly, not to the same extent as in
subjects with CMSE. Although the detection level is likely
to depend on the sensitivity of the assay and to be a matter
of variation between laboratories, and the normal range
may show differences in different populations, these
findings point out the magnitude of the difference between
control subjects and patients with intestinal immune
activation. Granzymes are a family of several granule-
associated proteases; types A and B are the most abundant.
They are released from the granules of CTLs and NK cells
that induce apoptosis of the target cells by several, so far
largely unknown mechanisms.24 The immunologic syn-
apse forms a tight seal that directs the cytolytic granzymes
to the target cell and keeps them from leaking out, but
elevated serum levels are seen in conditions of intense
cell-mediated activation such as rheumatoid arthritis.19

Accordingly, increased serum levels of granzymes have
been detected in viral,19 parasitic,25 and bacterial infec-
tions26 and in autoimmune diseases such as scleroderma27

and rheumatoid arthritis,19,28 in which synovial granzyme
concentration is similarly increased. However, it is
apparent that the increment in serum granzyme concen-
trations as such has no specific relation to the etiologic
factor inducing lymphocyte activation.

Serum CD30 was significantly increased in both CMSE
and CD, but there was much overlap with the control
subjects, indicating a less discriminative value compared
with the granzyme assays. CD30 is mainly released from
activated lymphocytes and NK cells.20 It may identify TH2
-type clones, but its in vivo relevance is still a matter of
debate, because high serum levels of soluble CD30 have
been found in both TH1- and TH2-dominated disorders.29

Increased levels have been detected in respiratory allergy
but not in IgE-mediated food allergy.30 On the other hand,
in infants with cow’s milk allergy, cow’s milk protein-
specific T cells expressed much higher levels of CD30 by
flow cytometry than the same cells of infants diagnosed as
having tolerance.31 These discrepant findings about CD30
and food protein reactivity may be related to the
heterogeneity of the disease in terms of IgE dependence
and the TH1/TH2 paradigm.

The sFas concentration was similar in all subjects and
showed no discriminating value or correlation with the
other serum markers. Only in CD was there a correlation
with serum sFas and the number of duodenal CD31 T
cells. Fas (APO-1 or CD95) is a cell surface glycoprotein
expressed on rapidly proliferating cells and is strongly
upregulated on activated lymphocytes. It has been shown
that serum levels of sFas during the attack phase in patients
with allergic rhinitis are significantly lower than those in
healthy individuals. In contrast, serum sFas levels in
patients with bronchial asthma are increased during the
attack phase.32 These findings, together with our obser-
vations, indicate that serum sFas concentration is an
unpredictable marker in allergic or other hypersensitive
diseases, but it is a potential indicator of immunologic
activation in CD.

The current screening tools for CD, such as the
determination of tissue transglutaminase antibodies,
have relatively high specificity and sensitivity in the range
of 95% when human tissue transglutaminase is used as
an antigen.17,18 However, there are several pitfalls in the
serologic tests for CD, related to methodology, autoanti-
body class, amount of ingested gluten, and associated
conditions such as diabetes and liver diseases; these
factors cause both false positive and negative results.18

Although the levels of GrA and GrB were significantly
increased in CD, the values exceeding the normal range
were present in only 40% and 30% of cases, respectively.
GrA or GrB determination has probably no use as such in
the diagnosis of CD. However, granzyme levels showed
association with the extent of villous atrophy; association
with GrA was statistically significant. These findings sug-
gest that granzyme determinations might have some value
in CD screening as a complementary test; increased levels
suggest a possibly clinically significant mucosal immune
activation and thus help to determine the need for addi-
tional or follow-up investigations in cases with borderline
or inconsistent results in the standard CD screening tests.
Further studies are also needed to see whether a demon-
stration of significant decrease in these immune activation
markers could be applied in assessing treatment response
in CD.

An interesting and unexpected finding was that the GrB
level in CMSE subjects was higher than in CD subjects,
even though the level is supposed to have a direct
correlation with the density of IELs and cytotoxic activity
in the small intestinal mucosa. It is higher in CD subjects14

and far lower in CMSE patients.11 In CMSE the distribu-
tion of mucosal changes varies, and in many cases, in ad-
dition to the abnormalities in the proximal small intestine,
ileal and colon mucosa may also show an increase in
IELs.23 We thus speculate that, like the extent of villous
changes in CD associating with serum GrA levels, the
serum concentration of GrB in CMSE may depend on the
extent of mucosal lesions; higher values possibly associate

TABLE II. Correlation matrix of serum GrA, GrB, sFas,

and CD30 concentrations and the counts of duodenal

intraepithelial CD3+ T cells and ab- and gd-TCR–bearing

cells in the whole study material (N = 51; CD30, N = 46)

CD3 ab-TCR gd-TCR

GrA 0.285 * 0.278 * 0.285 *

GrB 0.286 * 0.245 0.314 *

sFas 0.238 0.239 0.251

CD30 0.417** 0.373 * 0.497 ***

Correlation coefficient (Spearman’s rho).

*P < .05.

**P < .01.

***P < .001.
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with a more extensive intestinal immune response. How-
ever, more studies are necessary to confirm this idea.

In conclusion, our preliminary report suggests that
upregulated immune response of the gastrointestinal tract
in CMSE and CD can indeed be assessed by determining
serum granzyme and CD30 concentrations. This finding
introduces a new and complementary means for the di-
agnostic assessment of these diseases as well as for the
scientific study of the skewing of gut-associated lymphoid
tissue in hypersensitive disorders and autoimmune states.
For the objective diagnosis of food hypersensitivity we
look forward to establishing an elimination–challenge test
based on the decline in serum markers of the cytotoxic
immune response during the elimination period and their
rise during the challenge. However, we still need more
comprehensive studies to see the detailed association
between these markers and the skewing of the mucosal
lymphoid system.

Acknowledgment: The immunohistochemical analyses of CD3,

ab- and gd-TCR were performed at the Coeliac Service Laboratory,

University of Tampere, Tampere, Finland.
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