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ORIGINAL ARTICLE

Genetic and shared environmental risk factors do not lead to eosinophil
activation in healthy twins of IBD patients

Jonas Halfvarsona�, Maria Ling Lundstr€omb�, Maria Lampinenb, Ida Schoultzc, Lennart Bodind,e and
Marie Carlsonb

aDepartment of Gastroenterology, Faculty of Medicine and Health, €Orebro University, €Orebro, Sweden; bDepartment of Medical Sciences,
Gastroenterology Research Group, Uppsala University, Uppsala, Sweden; cDepartment of Medical Sciences, Faculty of Medicine and Health,
€Orebro University, €Orebro, Sweden; dDepartment of Statistics, €Orebro University, €Orebro, Sweden; eInstitute of Environmental Medicine,
Karolinska Institute, Stockholm, Sweden

ABSTRACT
Objective: To examine the role of eosinophils in the pre-diagnostic phase of inflammatory bowel dis-
ease (IBD), we studied the influence of genetic and shared environmental risk factors in a twin cohort
of IBD.
Material and methods: We analysed eosinophil derived neurotoxin (EDN) and eosinophil cationic pro-
tein (ECP) in faecal samples from twin pairs with Crohn’s disease (n¼ 37) or ulcerative colitis (n¼ 21)
and from external healthy controls (n¼ 44). Eosinophils stained with eosinophil peroxidase (EPO) were
quantified in rectal biopsies. Ratios with 95% confidence intervals were calculated.
Results: Twins with Crohn’ disease displayed higher levels of EDN (Ratio ¼ 2.98, 1.65–5.37) and ECP
(Ratio 1.83, 1.24–2.70) than their healthy siblings. Levels did not differ between healthy twin-siblings
and external controls (EDN, Ratio ¼ 1.52, 0.79–2.94 and ECP, Ratio ¼ 0.93, 0.56–1.54). Higher levels of
EDN (Ratio ¼ 2.43, 1.13–5.24) and ECP (Ratio ¼ 1.53, 0.92–2.53) were observed among twins with
ulcerative colitis vs their healthy siblings. Levels did not differ between healthy twin-siblings and exter-
nal controls (EDN, Ratio ¼ 1.08, 0.51–2.25 and ECP, Ratio ¼ 1.29, 0.74–2.26). Using intra-class correl-
ation coefficient (ICC), we found no agreement in levels of EDN or ECP in discordant pairs, except for
ECP in monozygotic Crohn’s disease pairs (ICC ¼ 0.63). In contrast, agreement was observed in mono-
zygotic pairs concordant for Crohn’s disease (EDN, ICC ¼ 0.67 and ECP, ICC ¼ 0.66). The number of
eosinophils in rectum was increased in twins with ulcerative colitis vs their healthy sibling (Ratio ¼
2.22, 1.50–3.27).
Conclusions: Activation of eosinophils in IBD seems to be a consequence of inflammation rather than
an effect of genetic and shared environmental risk factors alone.

Abbreviations: EDN: Eosinophil derived neurotoxin; ECP: Eosinophil cationic protein; EPO: Eosinophil
peroxidase; IBD: inflammatory bowel disease.
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Introduction

Inflammatory bowel disease (IBD), encompassing the main
subtypes Crohn’s disease and ulcerative colitis, is an
immune-mediated disease, characterized by a chronic inflam-
mation of the gastrointestinal tract. The precise pathophysi-
ology of IBD is yet to be defined, but based on the currently
accepted hypothesis the inflammation arises due to an aber-
rant immune response to gut microbiota in genetically sus-
ceptible individuals. Exposure to environmental risk factors
seems to initiate and propagate dysregulation of the innate
and adaptive immune pathways. Upon mucosal barrier injury
and inflammation, monocytes, mast cells, neutrophil- and
eosinophil granulocytes are recruited and accumulated in

the intestinal mucosa, whereby the inflammation is main-
tained by the adaptive immune cells [1,2].

The role of neutrophils in the inflammatory process is well
studied and their infiltration of the intestinal mucosa is seen
as a hallmark of active disease. More recently, also eosino-
phils have been associated with IBD. An increasing amount
of data indicate that these multi-functional cells may impact
on both innate and adaptive immunity by expressing various
types of receptors, releasing bioactive mediators, and by acti-
vating T-cells through antigen presentation [3]. In addition,
eosinophils seem to participate in tissue repair by stimulating
fibroblasts [4,5]. Similarly, to the well-recognized release of
calprotectin from activated neutrophils, the eosinophils may
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release various cytotoxic granule proteins such as eosinophil
cationic protein (ECP), eosinophil peroxidase (EPO) and
eosinophil-derived neurotoxin (EDN) upon activation [6]. The
ability to activate both immune cells and fibroblast indicates
a dual role for eosinophils in IBD, potentially contributing
to both chronic inflammation, tissue remodelling and repair
[7]. Previous data indicate a potential difference between
Crohn’s disease and ulcerative colitis with respect to the dual
role for eosinophils. This difference may reflect the distinct
cytokine milieus in the two diseases, as eosinophil-activating
Th2-cytokines are much more prominent in ulcerative colitis
than in Crohn’s disease [1,8].

Intriguingly, the onset of clinical manifest IBD seems to be
preceded by a pre-clinical phase, characterized by immuno-
logical changes [9]. Experiences from other chronic immune-
mediated diseases indicate that exposure to genetic and
environmental risk factors represents the initial key drivers
that lead to the initiation and propagation of a dysregulated
immune response and ultimately clinical manifest IBD.
Studies of healthy first-degree relatives of patients with IBD
have reported that a subset of these relatives express
increased levels of various markers of innate and adaptive
immunity. More specifically, we previously demonstrated that
healthy twin siblings in twin pairs discordant for IBD display
a dysfunctional intestinal barrier [10], with a subclinical
mucosal inflammation and increased neutrophil activity, as
reflected by elevated mucosal levels of nuclear factor kappaB
(NFjB) and myeloperoxidase (MPO) as well as faecal levels of
calprotectin [11]. Whether the eosinophil granulocytes are
activated as part of this early subclinical immune response,
or if these cells become activated as a consequence of dis-
ease is unknown. Similarly, the relative contribution of gen-
etic and environmental risk factors to activation of
eosinophils in IBD is yet to be explored. Twin studies could
be of value in this respect. Monozygotic twins are genetically
identical and share environmental factors during childhood
and adolescence while dizygotic twins share environment
but only half of the genes are common.

Therefore, to assess whether activation of eosinophils is a
primary defect or a consequence of inflammation, we per-
formed a twin study, and examined the concentration of
EDN and ECP in faecal samples and also the number of acti-
vated eosinophils in mucosal biopsies. In addition, we aimed
to evaluate the influence of genetics and shared environ-
mental exposure on eosinophilic granulocytes.

Materials and methods

Twin cohort

The twins included were identified from a previously
described national population-based cohort of twins with
IBD in Sweden. In short, the unique personal identification
number, issued to all Swedish residents [12], was used to
link records from the Twin Registry [13] and the National
Patient Register. All twins who had been admitted to hos-
pital with a diagnosis of IBD and their siblings were identi-
fied. Both twins in each pair were asked to respond to a
questionnaire regarding general gastrointestinal symptoms.

The medical notes were scrutinized, after written consent
from each twin, for verification of diagnosis of IBD and for
determination of disease phenotype, according to the
Montreal Classification [14]. Zygosity was determined
through questionnaire data about intra-pair similarities in
childhood, being of opposite sex, or DNA analyses by the
Twin Registry. The questionnaire has been validated previ-
ously and has an estimated accuracy of >98% when com-
pared with DNA analyses [15].

Twins of the same sex were asked to provide a faecal
sample for measurement of EDN and ECP concentrations and
those who were living in the middle part of Sweden were
also invited to undergo a colonoscopy. Previous extensive
IBD-related surgical intervention, i.e., colectomy or extensive
small bowel resection, was an exclusion criterion.

External controls

As a reference population, a control group (n¼ 44) of appar-
ently healthy individuals were recruited. Their health status
was monitored by a questionnaire where each individual cer-
tified that they were not suffering from thyroid disease, heart
and vascular disease, cancers, joint disease, diabetes, liver
disease, lung disease, allergic disease, dermatitis or eczema,
food allergy, IBD or other gastrointestinal disease, frequent
urinary infection or other recent infection and not receiving
any anti-inflammatory treatment. The median age (IQR) of
the control group was 43.5 (33–53) years [16].

Measurements of ECP and EDN in faecal samples

Stool samples were collected and stored at �70� C. Before
analysis, the samples were thawed and faecal extracts were
prepared as described previously [16]. Faecal ECP was ana-
lysed using UniCAP (Phadia AB, Uppsala, Sweden) according
to the manufacturer’s protocol and EDN was measured by an
in-house ELISA assay. The levels of markers in faeces were
adjusted for water content [16] and ECP and EDN levels were
expressed as micrograms per gram of semidry faeces.
Normal levels were set to: ECP �5.81mg/g and EDN
�2.15mg/g. The intra-and inter-assay variations were less
than 10% for all assays.

Histopathology and immunohistochemistry

Hematoxylin and eosin-stained sections from rectum were
scored by an experienced pathologist and classified as histo-
logic active or inactive, according to the Geboes histologic
score [17].

Immunohistochemical analyses for quantification of acti-
vated eosinophils were performed on biopsies from rectum
in the group of twins earlier defined. From the biopsies that
were formalin-fixed and embedded in wax, sections were cut
and mounted on clean glass slides. Slides were then deparaf-
finized in xylene, rehydrated through decreasing concentra-
tions of alcohol and finally rinsed in TBS Auto Wash Buffer
(pH 7,6) (Biocare Medical, Concord, CA, USA). A monoclonal
antibody to EPO (generous gift from Professor Per Venge,
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University of Uppsala, Sweden) was used to identify eosino-
phil granulocytes. Sections were incubated with the antibody
overnight at room temperature in a humid chamber. The
antigen-antibody complex was visualized by enzymatic reac-
tion using a commercial HRP-polymer kit (MACH-1 Universal
HRP-polymer kit, Biocare Medical, Concord, CA, USA) accord-
ing to the protocol achieved from the manufacturer. The sec-
tions were mounted with Pertex (HistoLab Products AB,
V€astra Fr€olunda, Sweden). Ten high power fields (hpf) on
each section were examined by two individuals in a blinded
manner using a Leica DRMB microscope (x320) and EPO
stained cells were counted. If the number of cells differed
>3 standard deviations, they were counted a third time by
another independent individual.

Statistical analyses

Continuous data are presented as median (inter-quartile
range). Mean concentrations of faecal markers and median
eosinophil counts for the different twin groups were calcu-
lated and estimates of the differences between the groups
were analysed using regression analysis of a mixed model
design with allowance for dependence within the twin pair.
Twin pairs are considered randomly selected clusters, but
twins within the cluster are dependent units. Therefore, the
analysis must acknowledge this fact and the statistical model
should be adjusted accordingly [18]. To comply with the stat-
istical assumptions, group comparisons had to consider the
skew distributions and were, therefore, calculated based on
the elogarithm of the concentrations and the median eosino-
phil counts, and then the results were transformed back to
the original scale. The effect parameter is therefore the ratio
of geometric means rather than differences [19] and here
denoted as Ratio. A statistically significant result at the 5%
level is accordingly found if the 95% confidence interval for
this ratio does not include the value 1.0. To specifically
address the question of agreement of the concentrations of
the faecal markers within the twin pairs, we calculated the
intraclass correlation coefficient (ICC), based on the elogar-
ithm of the concentrations, according to Dunn [20]. The ICC
coefficient not only depends on the degree of association
between two measures but also reflects the equality
between the measures. The ICC ranges from �1.0 to 1.0. A
positive ICC is observed when there are small differences
within the pairs but the means between the pairs differ sub-
stantially; a negative ICC is observed when the within-pair
differences are greater than the between pair differences. To
get insight into the influence of exposure to genetic and
shared environmental risk factors, we compared the ICC for
monozygotic and dizygotic twin groups with the ICC for
external healthy controls. To generate pairs of the external
controls (n¼ 44), we matched these individuals by age ±
6 years and sex. However due to differences in age we were
only able to match 21 pairs. In particular, it is assumed from
genetic theory that monozygotic twins share all genetic fac-
tors that influence a phenotype while dizygotic twins share
one-half of their genes. Thus, the usual assumption is to
expect the ICC for monozygotic MZ twins to be double that

of dizygotic DZ twins [21]. The statistical software used was
SPSS version 26, SAS version 9.4 and STATA version 15.

The study was approved by the Regional Ethics Review
Board, Uppsala, Sweden.

Results

Twin cohort

In total, 58 twin pairs participated, of these 37 with Crohn’s
disease (concordant monozygotic n¼ 6, discordant monozy-
gotic n¼ 14, concordant dizygotic n¼ 1 and discordant
dizygotic n¼ 16) and 21 pairs with ulcerative colitis (concord-
ant monozygotic n¼ 1, discordant monozygotic n¼ 11 and
discordant dizygotic n¼ 9). The median (interquartile range,
IQR) disease duration of the twins with Crohn’s disease was
23.5 (18–32) years and the corresponding duration for twins
with ulcerative colitis was 26.5 (22–38.5) years (Table 1).

Faecal EDN and ECP – Crohn’s disease

To compare faecal concentrations of EDN and ECP between
groups, a regression analysis of a mixed model design was
used and the ratio with 95% confidence interval (95% CI)
was calculated. Twins diagnosed with Crohn’s disease had
higher levels of EDN (Ratio ¼ 4.53, 2.39–8.66) and ECP
(Ratio 1.71, 1.01–2.90) than external controls (Figure 1,
Table 2, Supplementary Table 1). Consistently, the diseased
twins expressed higher levels of EDN (Ratio ¼ 2.98,
1.65–5.37) and ECP (Ratio ¼ 1.83, 1.24–2.70), when control-
ling for genetic predisposition and shared environmental
exposure, i.e., when comparing with the healthy twin-sib-
lings. Healthy twin-siblings had similar EDN (Ratio ¼ 1.52,
0.79–2.94) and ECP-levels (Ratio ¼ 0.93, 0.56–1.54) as exter-
nal controls. To examine the influence of genetic vs shared
environmental risk factors, we stratified the analyses for
zygosity. The EDN and ECP levels in faecal samples from

Table 1. Clinical characteristics of twins with inflammatory bowel disease.

CD UC

Individual
twin siblings

Individual
twin siblings

n¼ 44 (%) n¼ 22 (%)

Sex
Males 16 (36%) 9 (41%)

Age at diagnosis
0–16 years (A1) 1 (7%) 4 (18%)
17–39 years (A2) 35 (60%) 16 (73%)
�40 years (A3) 8 (33%) 2 (9%)

Location (CD)
Terminal ileum (L1) 14 (32%)
Colon (L2) 12 (27%)
Ileocolon (L3) 18 (41%)

Behaviour (CD)
Non-stricturing non-penetrating (B1) 23 (52%)
Stricturing (B2) 13 (30%)
Penetrating (B3) 8 (18%)

Disease extent (UC)
Proctitis (E1) 0 (0%)
Left-sided (E2) 6 (27%)
Extensive (E3) 16 (73%)

CD: Crohn’s disease; UC: ulcerative colitis.
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healthy twin siblings among monozygotic- and dizygotic
pairs discordant for Crohn’s disease (Supplementary Table
1), did not differ from the corresponding levels in faecal
samples from external controls (Table 2).

Faecal EDN and ECP – ulcerative colitis

Twins with ulcerative colitis had significant higher faecal lev-
els of EDN (Ratio ¼ 2.62, 1.20–5.69) and ECP (Ratio ¼ 1.97,
1.04–3.74) than external controls. Consistently, they seemed
to express higher levels of EDN (Ratio ¼ 2.43, 1.13–5.24) and
ECP (Ratio ¼ 1.53, 0.92–2.53) than their healthy siblings
(Figure 1, Table 2, Supplementary Table 1). No difference was
observed between healthy twin-siblings and healthy controls
(EDN, Ratio ¼ 1.08, 0.51–2.25 and ECP, Ratio ¼ 1.29,
0.74–2.26). In addition, we stratified the analyses of twin
pairs for zygosity. The EDN and ECP levels in faecal samples
from healthy twin siblings among monozygotic- and dizyg-
otic pairs discordant for Crohn’s disease (Supplementary
Table 1), did not differ from the corresponding levels in fae-
cal samples from external controls (Table 2).

Figure 1. The median concentration (IQR) of faecal EDN and ECP in twins with Crohn’s disease and ulcerative colitis, their healthy siblings and external
controls. EDN and ECP concentrations between groups were compared using a regression analysis of a mixed-model design, significances are shown with staples
(�0.01< p� .05, ��.001< p� .01, ���p� .001).

Table 2. The ratio of EDN and ECP respectively between different selected
groups of twins and healthy controls. To compare EDN and ECP, a regression
analysis of a mixed-model design was used and a ratio related to geometric
means (Ratio) with 95% confidence interval (95% CI) was calculated.

Groups compared Ratio 95% CI for ratio p-value

EDN
CD/HTCD 2.98 1.65–5.37 <.001
UC/HTUC 2.43 1.13–5.24 .02
CD/Control 4.53 2.39–8.66 <.001
UC/Control 2.62 1.20–5.69 .02
HTCD/Control 1.52 0.79–2.94 .21
HTCDMZ/Control 1.54 0.65–3.66 .32
HTCDDZ/Control 1.51 0.74–3.09 .25
HTUC/Control 1.08 0.51–2.25 .85
HTUCMZ/Control 1.78 0.68–4.60 .23
HTUCDZ/Control 0.58 0.24–1.40 .22

ECP
CD/HTCD 1.83 1.24–2.70 .003
UC/HTUC 1.53 0.92–2.53 .10
CD/Control 1.71 1.01–2.90 .05
UC/Control 1.97 1.04–3.74 .04
HTCD/Control 0.93 0.56–1.54 .79
HTCDMZ/Control 1.40 0.76–2.57 .27
HTCDDZ/Control 0.67 0.38–1.18 .16
HTUC/Control 1.29 0.74–2.26 .36
HTUCMZ/Control 1.63 0.83–3.20 .15
HTUCDZ/Control 0.97 0.48–1.94 .92

HTCD: healthy siblings among pairs discordant for Crohn’s disease; HTUC:
healthy siblings among pairs discordant for ulcerative colitis); MZ: monozy-
gotic; DZ: dizygotic; Control: external controls; Ratio: Statistical analyses
for details.
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Agreement on EDN and ECP levels within twin pairs

To evaluate the influence of genetic and shared environmen-
tal risk factors on the expression of eosinophilic faecal
markers, concentrations of EDN and ECP within twin pairs
were compared, using the ICC and stratifying for zygosity,
concordance, or discordance for IBD status (Table 3). Within
monozygotic twin pairs concordant for Crohn’s disease, a
high agreement of EDN (ICC ¼ 0.67) and ECP (ICC ¼ 0.66)
was observed. As there was only one dizygotic pair concord-
ant for Crohn’s disease, ICC could not be calculated for this
group. In addition, a high value (ICC ¼ 0.63) was observed
among monozygotic pairs discordant for Crohn’s disease
with respect to ECP levels.

Eosinophil cell count in rectum

Immunohistochemistry with antibodies against eosinophil
peroxidase (EPO) was performed on rectal biopsies from
twins with Crohn’s disease (n¼ 31), twins with ulcerative col-
itis (n¼ 19) and healthy twin siblings among twin pairs dis-
cordant for Crohn’s disease (n¼ 20) and for ulcerative colitis
(n¼ 17, Figure 2).

Twins with ulcerative colitis had higher median numbers
of EPOþ eosinophils in the rectal mucosa (5.15 per hpf) than
their healthy siblings (1.95 per hpf, Ratio ¼ 2.21, 1.50–3.26,
Table 4). No difference was observed between the twins with
Crohn’s disease (3.25 per hpf) and their healthy siblings (2.30
per hpf), with respect to number of EPOþ eosinophils (Ratio
¼ 1.26, 0.90–1.76). Among the twins with Crohn’s disease,
only four twins exhibited a histologically active inflammation
in rectum, and the median eosinophil count in this specific

Table 3. Intraclass correlation coefficient for concentrations (elogarithm) of
EDN and ECP in different groups of twins.

IBD status No of pairs
ICC ICC

elog EDN elog ECP

CD MZ concordant 6 0.67 0.66
CD MZ discordant 14 0.28 0.63
CD DZ concordant 1 – –
CD DZ discordant 16 0.03 0.13
UC MZ concordant 1 – –
UC MZ discordant 11 0.09 0.28
UC DZ discordant 9 –0.47 0.22
Healthy controls 21 0.23 0.26

CD MZ concordant: monozygotic pairs concordant for Crohn�s disease; CD MZ
discordant: monozygotic pairs discordant for Crohn’s disease; CD DZ concord-
ant: dizygotic pair concordant for Crohn’s disease; CD DZ discordant: dizygotic
pairs discordant for Crohn�s disease; UC MZ concordant: monozygotic pair con-
cordant for ulcerative colitis; UC MZ discordant: monozygotic pairs discordant
for ulcerative colitis; UC DZ discordant: dizygotic pairs discordant for ulcerative
colitis; ICC: intra-class correlation coefficient.

Figure 2. Immunohistochemical identification of eosinophils with EPO in rectal biopsies from: (a) twin with active Crohn’s disease, (b) healthy sibling among pair
discordant for Crohn’s disease, (c) twin with active ulcerative colitis, (d) healthy sibling among pair discordant for ulcerative colitis

Table 4. The ratio of eosinophils counts defined as elogarithm (median) in
rectal biopsies, identified by immunohistochemical staining, between different
selected groups of twins. To compare eosinophil counts, a regression analysis
of a mixed-model design was used and a ratio related to geometric means
(Ratio) with 95% confidence interval (95% CI) was calculated.

Group of twins Ratio 95%CI p-value

CD/HTCD 1.26 0.90–1.76 .18
UC/HTUC 2.21 1.50–3.26 <.001
CD/UC 0.53 0.32–0.90 .02
HTCD/HTUC 0.94 0.62–1.43 .77

CD: Crohn’s disease; UC: ulcerative colitis; HTCD: healthy siblings among pairs
discordant for Crohn’s disease; HTUC: healthy siblings among pairs discordant
for ulcerative colitis; Ratio: Statistical analyses for details.
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group was 10.9 per hpf. The median number of eosinophils
per hpf was 1.75 in healthy controls, but there were too few
healthy controls (n¼ 5) to allow any statistical comparison
with this group.

Discussion

By exploring twin pairs with IBD, we could analyse the pres-
ence and activation status of eosinophils among healthy
individuals who are genetically and environmentally predis-
posed to the disease, namely healthy twin-siblings among
pairs discordant for ulcerative colitis or Crohn’s disease. Our
data demonstrate that exposure to shared environmental
and genetic risk factors do not lead to the activation of eosi-
nophils, we could not observe any significant increase in
activated eosinophils. These findings indicate that eosino-
phils do not play a primary role in early disease initiation
of IBD.

Similar to many other chronic immune mediated diseases,
the onset of clinical manifestations of IBD seems to be pre-
ceded by a pre-clinical phase of the disease. In this early
phase of disease development, interactions between genetic
and environmental risk factors translate into activation and
propagation of immune-pathways that ultimately may lead
to a subclinical inflammation as observed in some healthy
first-degree relatives, including healthy twin siblings of
patients with IBD [11]. However, only in a few of these indi-
viduals the inflammation progresses into a clinical manifest
colitis with activation of various immune cells, including neu-
trophils, eosinophils, lymphocytes, macrophages and mast
cells. There is currently a knowledge gap with respect to
which cell-types that are involved in the early preclinical
phases of disease development.

Activation of neutrophils is seen as a hallmark of IBD, but
the gastrointestinal tract represents a complex and sophisti-
cated immune system, and the breakdown of the mucosal
immune homeostasis in patients with IBD does not translate
into activation of neutrophils only. Bischoff reported an
increased count of eosinophils in patients with IBD already in
1996 [22]. However, recent advances in our understanding of
the mucosal immune system have revealed that eosinophils
are recruited to the submucosa and activated in the lamina
propria upon inflammation, a process regulated by IL-5 and
chemotaxins [23]. The activation leads to a release of eosino-
phil granule proteins into the lumen, as reflected by elevated
levels of eosinophil granule proteins in both intestinal perfu-
sion fluid [24] and faeces [16].

Based on analyses of myeloperoxidase in mucosal biopsies
and calprotectin in faecal samples from the same twin
cohort, we have previously demonstrated that neutrophils
are activated in approximately two-thirds of healthy twin sib-
lings in this cohort [11]. There is data that indicate crosstalk
between neutrophils and eosinophils. For example, neutro-
phils promote the activation of eosinophils via IL-33 [25], a
cytokine derived from epithelial cells that alerts the immune
system of tissue or cell damage. IL-33 – and in particular its
processed and mature forms – is highly bioactive driving the
Th2 type immune response. The processing of IL-33 is carried

out by cathepsin G and elastase released from neutrophils
rapidly recruited to the injured tissue. It has recently been
demonstrated that IL-33 generates eosinophil activation with
adhesion, degranulation of EDN (previously known as eosino-
phil protein X (EPX)) and expression of surface protein with
similar potency as IL-3, IL-5 or eotaxins [25,26]. In spite of
our previously reported increased neutrophil activity and
subclinical inflammation, defined by NFjB activity, in the
healthy twin siblings [11], we could not demonstrate any
activation of the eosinophils in these twins. Interestingly, we
recently reported increased levels of eotaxin-1 (CCL11), a
strong chemoattractant of eosinophils in pre-diagnostic
plasma samples from individuals who later in life developed
ulcerative colitis and in samples from treatment-naïve inci-
dent ulcerative colitis patients [27]. Taken together, these
findings may suggest that eosinophil-driven mucosal inflam-
mation is not triggered by shared genetic and environmental
risk factors, but represents an element in a later phase of
pre-diagnostic ulcerative colitis, i.e., before onset of clinically
manifest disease.

In healthy individuals at homeostasis, eosinophils reside
predominantly in the lamina propria of the gastrointestinal
tract, exhibiting a gradient with increasing numbers in the
distal direction. The maximal count is found in cecum and
ascending colon, then the numbers decrease again with a
low count in rectum [28,29]. Our immunohistochemical stain-
ing of eosinophils in the rectal mucosa confirmed that the
eosinophils are present at low numbers in the unaffected
twin-siblings, and significantly increased in the twins with
ulcerative colitis.

The IBD twin cohort is a unique material but one limita-
tion of this study is the relatively low number of twins
enrolled. The analyses of faecal EDN and ECP in healthy twin
siblings and healthy external controls generated fairly similar
results both when mono- and dizygotic twins where ana-
lysed all together or separately among pairs discordant for
Crohn’s disease. When comparing within-pair agreement
between monozygotic and dizygotic pairs discordant for dis-
ease status, an agreement was only seen in terms of ECP lev-
els among monozygotic pairs discordant for Crohn’s disease.
One may speculate that the lack of differences could be
related to the limited number of twins as a result from divid-
ing for zygosity. The group of Crohn’s disease twins where
highly heterogenous in location and behaviour of disease. In
accordance with previous data on concentrations of antibod-
ies to some microbial antigens, such as anti-Saccharomyces
cerevisiae (ASCA), Pseudomonas fluorescens-related protein
(anti-I2), Escherichia coli outer membrane porin C (anti-
OmpC), a high ICC-value was observed for levels of EDN and
ECP among monozygotic pairs concordant for Crohn’s dis-
ease [30,31]. Previous twin studies have demonstrated pro-
nounced differences between twins with IBD, especially
Crohn’s disease, and their healthy twin siblings with respect
to the composition of gut microbiota [32–34]. If these dissim-
ilarities contributed to the observed differences in the activa-
tion of eosinophils can only be speculated on, since gut
microbiota was not examined in this study. Another import-
ant limitation of the study, is that we were not able to
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examine the influence of non-shared environmental factors.
Thus, it cannot be precluded that non-shared environmental
factors, such as smoking and dietary habits during adult-
hood, play a role in the activation of eosinophils.

In summary, our new data indicate that eosinophils, as
opposed to neutrophils, are not active in the early phase of
subclinical mucosal inflammation. In light of these findings,
activation of eosinophils must be considered as a conse-
quence of inflammation rather than a primary event, trig-
gered by exposure to genetic and shared environmental risk
factors alone. The interplay between immune cells is com-
plex and further studies are needed to characterize the chain
of early events that ultimately leads to clinically mani-
fest IBD.
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