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Abstract

Background The pathogenic processes in the preclinical phase of inflammatory bowel disease (IBD) are mainly unknown.
Aims To study typical antibodies for IBD in the preclinical phase in a cohort of Northern Sweden.

Methods Antibodies typical for IBD (ASCA, pANCA, lactoferrin-ANCA, antibodies to goblet cells, and pancreas antigen)
were analyzed in 123 subjects with preclinical ulcerative colitis (UC), 54 subjects with preclinical Crohn's disease (CD) and
in 390 sex- and age-matched controls. In addition, in a subset of subjects, inflammatory markers (CRP, albumin, calprotectin
and ferritin) were measured in plasma.

Results The mean years between blood samples and IBD diagnosis were for UC 5.1 (SD 3.5) years and CD 5.6 (SD 3.5)
years. There was no difference in the proportion of overall positive antibodies between subjects who later developed IBD
compared to controls (16.9% vs. 12.3%; p=0.137). The subjects who later developed CD had a significantly higher propor-
tion of positive ASCA compared to controls (9.3% vs 2.8%; p=0.034), but for all other antibodies, there were no differences
compared to control subjects. Subjects with preclinical IBD and elevated antibodies showed significantly higher plasma
calprotectin levels compared to subjects without antibodies (980 pg/L vs 756 pg/L; p=0.042), but there was no difference
in the levels of CRP, albumin and ferritin.

Conclusions We found no significant increase in antibodies typical for IBD years before diagnosis except for ASCA, which
was slightly more common in subjects who later developed CD. Very few subjects had detectable antibodies to goblet cells
and pancreas antigen.
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Introduction contribute and interact with the immune system [3]. Several

antibodies have been associated with IBD. Anti-Saccharo-

Inflammatory bowel disease, including ulcerative colitis
(UC) and Crohn's disease (CD), is a chronic and clinical
relapsing disease [1] with an estimated prevalence in Swe-
den of 0.65% [2]. The cause of IBD is not fully known,
but according to the present knowledge, the pathogenesis
involves an autoimmune response to the gut mucosa where
genetic factors, environmental factors and microbiota
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myces cerevisiae antibodies (ASCA), an antibody directed
to the mannan protein from the yeast Saccharomyces cerevi-
siae, has been detected in up to 40-70% of patients with CD
[4-6]. An antibody directed to the nuclear lamina of neu-
trophils named perinuclear antineutrophil cytoplasmic anti-
body (pANCA) has been found to be abundant in patients
with UC, with a prevalence of approximately 40-70% [7].
Besides ASCA and pANCA, several other antibodies have
been associated with IBD. For example, there are increased
levels of antibodies against DNA-bound lactoferrin (LFS-
ANCA) in patients with UC [8]. Lactoferrin is an iron-
binding protein produced in neutrophil granulocytes and
secretory epithelial cells. Goblet cells are responsible for
producing the protective mucus layer by secreting mucins.
Autoantibodies against intestinal goblet cells have been
associated with inflammatory bowel disease [9-11]. Also,
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antibodies against exocrine pancreatic antigens (rPagl and
rPag?2) have been associated with IBD [10, 12] and is also
elevated in unaffected first relatives to patients with IBD
[13]. rPagl is CUB (C1r/Cls, Uegf, BMpl) and zona pellu-
cida-like domain containing protein-1 (CUZD1) and rPag 2
is synonymous to Glycoprotein-2 (GP2) [14].

However, the role of the mentioned antibodies in the
pathogenesis of IBD is unknown. The presence of p-ANCA
has been associated with a more unfavorable disease course
in UC [15] and ASCA and other antibodies with a more
complicated CD [9, 16, 17]. Studying the presence of anti-
bodies in the preclinical phase of IBD is one way to bet-
ter understand the role of antibodies in the pathogenesis
of IBD. In the literature, some studies used this approach
[16, 18-20], and these studies have demonstrated that a sig-
nificant number of patients have detected antibodies years
before diagnosis.

The prevalence of antibodies might differ between ethni-
cally divergent populations [7]. This study aimed to explore
to what extent antibodies associated with IBD are present
in a Swedish population. In addition to ASCA and pANCA,
we also analyzed antibodies to LFS-ANCA, goblet cells and
recombinant pancreas antigen 1 and 2 (rPagl, rPag2). A sec-
ondary aim was to study if subjects with detected antibodies
also had increased inflammatory markers.

Methods
Study Population

Study participants in this nested case—control study were
recruited from the Visterbotten intervention project (VIP)
[21], the Mammography screening project and the Northern
Sweden Maternity cohort [22]. The VIP, started in 1985, is a
large health survey focused on the prevention of cardiovas-
cular disease. All residents of the Region of Visterbotten are
offered to participate in the study the year they turn 30, 40,
50 and 60 years. In VIP, blood samples from over 150 000
visits are stored in a central biobank. The Mammography

Table 1 Description of each study cohort

screening project invited women in the Region of Vister-
botten who were scheduled for mammography screening
between 1995 and 2006 and includes approximately 54,000
blood samples. The Maternity cohort comprises blood sam-
ples from pregnant women from the Northern part of Swe-
den (including the Region of Visterbotten) who had been
screened for Rubella since 1975, and this biobank includes
approximately 70,000 serum samples.

All study participants were linked through the National
Patient Registry for IBD diagnosis according to the Inter-
national Classification of Diseases (Codes K.50.1-9 and
K51.0-9). Medical records were then checked for all patients
coded for IBD to verify the diagnosis and classify the per-
son according to the Montreal Classification for IBD [23].
The date of diagnosis was set when the patient, for the first
time, demonstrated macroscopic and/or histologic evidence
of IBD (i.e. endoscopy or radiologic evidence for IBD). Sub-
jects diagnosed with IBD before or within one year after he
or she donated blood samples were excluded from the study.
For each case, two controls, matched for age, gender, time,
center and each study cohort were randomly selected among
persons not diagnosed with IBD. Table 1 shows characteris-
tics of the including patients from each project.

Blood Samples Collection and Blood Analyses

In VIP and the Mammography cohort, venous blood samples
were obtained after overnight fasting. Subjects rested for
15 min before sampling. The blood was collected in 10 mL
Na-heparin tubes, centrifuged at 1500 G for 15 min, and
aliquots of plasma were frozen within 1 hour and stored at
— 80 °C. In the Maternity cohort, venous blood samples
were obtained in clinical routine, and sera was frozen at
—20°C.

Plasma samples were diluted 1:10 in phosphate-buft-
ered saline for analyses of antibodies against goblet cells,
rPAgl, rPAg2, pANCA, and Anti-DNA bound lactoferrin.
For analyses of antibodies against Saccharomyces cerevisiae
IgG, plasma was diluted 1:1000 in phosphate-buffered saline
according to the manufacturer's description. The samples,

Study cohort Number of Proportion Mean age at sample, Quality of blood samples  Survey data
patients/con- women years (min—-max)
trols
Visterbotten Intervention Project ~ 91/209 47% 48 (30-60) Plasma, Buffy coat and Extensive questionnaire
erythrocytes stored at
-80°C
Mammography screening project ~ 11/28 100% 60 (42-70) Plasma, buffy coat and Limited questionnaire
erythrocytes stored at
-80°C
Maternity cohort 75/153 100% 26 (17-36) Serum stored at — 20 °C Age
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including positive and negative controls, were incubated
with fixed antigens of goblet cells, rPAgl, rPAg2, pANCA,
and Anti-DNA bound lactoferrin, neutrophils and Saccha-
romyces cerevisiae (CIBD-Mosaics, Euroimmun, Liibeck,
Germany) for 30 min. Slides were then rinsed, submerged
in phosphate-buffered saline for 5 min, and then incubated
with fluorescent conjugate for 30 min in a chamber. Slides
were washed again as described above, and coverslips were
applied with a mounting medium (Euroimmun, Liibeck,
Germany) for analyses in a fluorescence microscope (Leica
DC 300F). All lab work was performed by the same two
individuals (LBZ, CE). The same two persons assessed all
the samples by the microscope and were blinded to the case/
control status of the participants. Samples were pooled in
pairs and analyzed. All pools that were not clearly negative
were further analyzed separately.

For subjects in the VIP and the Mammography cohort,
we also had data from previous studies performed in these
cohorts for albumin, CRP, ferritin and calprotectin in plasma
samples [24, 25].

Statistical Analyses

IBM SPSS version 27.0 was used for statistical analyses.
Continuous data, such as age, time to diagnosis, body mass
index, and inflammatory markers, are presented as means
with standard deviations. To compare continuous data Stu-
dent's t test was used. Categorical data are presented as
frequencies and were compared using Person chi? test or
Fisher's exact test when appropriate. p values < 0.05 were
considered statistically significant. There were no correc-
tions for multiple testing.

Ethics

The study was approved by the regional ethical board, Umes,
Sweden (Dnr 06-024M, 2010 284-31M). The participants
gave written consent before they participated in the projects.
There were no interventions related to this study.

Results
Baseline Characteristics

Table 1 shows the characteristics of each study cohort, and
Table 2 shows the baseline characteristics of all the subjects
included in the study. The youngest person in the study was
17 years old, and there were only subjects with onset of IBD
after the age of 18 years (Montreal A2 and A3) included in
the study. There were significantly more smokers among
the subjects that later developed CD compared to subjects
that later developed UC (p <0.001) and controls (p <0.001).

@ Springer

Among the controls, 45 persons (11.5%) had one posi-
tive antibody, and three (0.8%) had two positive antibodies.
In subjects who later developed UC, 17 patients (13.8%)
had one positive antibody, and one patient (0.8%) had three
positive antibodies. Among the subjects who later devel-
oped CD and with positivity for antibodies, no one had more
than one positive antibody. The number of subjects with
any antibody in case/controls for each study cohort were:
VIP 12/15, Mammography screening project 1/4 and the
Maternity cohort 17/29.

The Prevalence of Antibodies in Preclinical IBD

The proportion of overall positive antibodies was not sig-
nificantly higher in subjects who later developed IBD com-
pared to controls, and the difference was only approximately
6% (Table 3). The risk for a person with any antibody to
develop IBD was low (odds ratio 1.45; 95th confidence
interval 0.88-2.39). The subjects who later developed CD
had a significantly higher proportion of positive ASCA and a
significantly higher proportion of overall positive antibodies
compared to controls, but for all other antibodies, there were
no differences compared to control subjects.

Figure 1 shows the cumulative proportion of subjects
who later developed IBD with positive antibodies at differ-
ent time points before diagnosis. There was no difference
in median time from sample to diagnosis between subjects
with and without antibodies and who later developed IBD
(5.0 years vs 5.0 years, p=0.758). The prevalence of anti-
bodies was at similar levels from eight years to 1 year before
subjects were diagnosed with IBD.

Factors Associated with Antibodies for IBD

Among the cases, there were no gender differences in the
proportion of any of the antibodies (women vs men; 17.5%
vs 15.7%; p=0.829), but among the controls, women had a
higher rate of antibodies (15.6% vs 3.7%; p=0.001).

There was no difference in the presence of antibodies
between patients with preclinical IBD with a sample taken
before or after 40 years of age (18.9% vs 15.0%; p=0.490)
or between patients with IBD diagnosis before 40 years
(Montreal classification A2) and after 40 years (Montreal
classification A3) (20.2% vs 13.6%; p=0.243).

There was no difference in the proportion of smokers
among subjects who later developed IBD with and without
antibodies (25.0% vs 32.1%; p=0.510). In addition, among
the controls, there were no differences in smoking between
subjects with antibodies versus no antibodies (8.3% vs
12.6%; p=0.481).

The subjects who later developed IBD and controls with
and without any positivity for antibodies did not differ in
the level of inflammatory markers in plasma, except for
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Table 2 Basal characteristics

. . > Ulcerative colitis  Crohn’s disease Controls
for the subjects included in the (n=123) (n=54) (n=390)
study

Mean age at sampling; years 39.7 (14.1) 37.8 (14.5) 40.1 (14.1)
Time from sample to diagnosis; mean years 5.1(3.5) 5.6 (3.5) NA
Proportion women (%) 70% 74% 72%
Mean body mass index; kg/m2 25.8 (3.6) 26.6 (4.6) 25.9 (4.0)
n="74 n=27 n=233

Study cohort

VIP (n) 67 24 209

MA (n) 7 4 28

Maternity cohort (n) 49 26 153
Current smokers at the time of sampling® 24% 50% 20%
Montreal classification N.A

Al 0% 0%

A2 48% 56%

A3 52% 44%

El 28% -

E2 35% -

E3 37% -

L1 - 32%

L2 - 34%

L3 - 34%

B1 - 68%

B2 - 21%

B3 - 11%

n: number; Al: age at diagnosis<16 years; A2: age at diagnosis 17-40 years; A3: age at diagno-
sis>40 years; El: ulcerative proctitis; E2: left-sided colitis; E3: extensive colitis; L1: terminal ileum; L2:
colon; L3: ileocolonic; L4: upper gastrointestinal tract; B1: non-stricturing nonpenetrating; B2: structuring;

B3: penetrating; p: perianal

4Only data on Visterbotten Intervention Project (VIP) and Mammography screening cohort (MA)

mean plasma calprotectin, which was significantly higher
among the subjects who later developed IBD (Table 4). The
subjects with detected antibodies did not differ regarding
disease behavior, location and extension of IBD compared
to those without antibodies.

Discussion

This study aimed to explore the presence of antibodies typi-
cal for IBD in subjects several years before they were diag-
nosed with IBD. We found that the total number of patients
with any antibody was significantly higher than in controls,
but separately only ASCA showed a significant increase (in
patients with CD) compared to control subjects. In addition,
we found that the difference in the proportion of detected
antibodies between subjects who later developed IBD and
controls was only modest (6%).

Overall, the proportion of patients with IBD who had
antibodies before diagnosis in our study was lower compared
to earlier published studies (Table 5). The choice of cut-off

levels, handling of samples, the age difference, differences
in sample time in relation to diagnosis, and the choice of
“wash-out period” before the diagnosis might partly explain
the differences between studies. For example, in the study
by van Schaik et al. [19], lower cut-off levels were used for
the antibodies compared to that recommended for clinical
practice. In the study of van Schaik et al. [19] and by Israeli
et al. [18], the risk of being diagnosed with IBD for subjects
with elevated antibodies was most prominent the three years
before diagnosis, but Choung et al. [16] could demonstrate a
high proportion of antibodies six years before clinical diag-
nosis. In addition, none of the previous studies excluded
patients tested within 1 year before diagnosis. In our study,
a “wash-out period” of one year before diagnosis was used,
the same increase in the detection of antibodies toward the
time of diagnosis was not seen, and the prevalence of anti-
bodies was stable from approximately eight years to 1 year
before diagnosis.

Choung et al. showed that patients with CD who had
antibodies before diagnosis also had a more complicated
disease[16]. This association could not be confirmed in our

@ Springer
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Table 3 Preclinical antibodies in patients with inflammatory bowel disease compared to control subjects

Ulcerative colitis (UC) versus controls

UC (n=123) Controls (n=390) p value
ASCA 4 (3.3%) 11 (2.8%) 0.764
Pancreas antigen 3 (2.4%) 4 (1.0%) 0.366
Goblet cells 1(0.8%) 1(0.3%) 0.422
pPANCA 11 (8.9%) 34 (8.1%) 0.939
Lactoferrin ANCA 1(0.8%) 2(0.5%) 0.561
Any antibody 18 (14.6%) 48 (12.3%) 0.502
Crohn's disease (CD) versus controls

CD (n=54) Controls (n=390) p value
ASCA 5(9.3%) 11 (2.8%) 0.034*
Pancreas antigen 1(1.9%) 4 (1.0%) 0.479
Goblet cells 0 (0%) 1(0.3%) >0.999
PANCA 6 (11.1%) 34 (8.7%) 0.610
Lactoferrin ANCA 0 (0%) 2(0.5%) >0.999
Any antibody 12 (22.2%) 48 (12.3%) 0.046*
Inflammatory bowel disease versus controls

IBD (n=177) Controls (n=390) p value
ASCA 9 (5.1%) 11 (2.8%) 0.218
Pancreas antigen 4(2.3%) 4 (1.0%) 0.264
Goblet cells 1(0.6%) 1(0.3%) 0.527
pPANCA 17 (9.6%) 34 (8.7%) 0.732
Lactorferrin ANCA 1(0.6%) 2 (0.5%) >0.999
Any antibody 30 (16.9%) 48 (12.3%) 0.137

NA not appropriate

*Statistically significant

Fig. 1 The cumulative propor- 20
tion of antibodies typical for
inflammatory bowel disease at
different time points before the
diagnosis of IBD
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Table 4 The association between levels of inflammatory markers in plasma in subjects with and without antibodies typical for inflammatory

bowel disease

Subjects who later developed inflammatory bowel disease

Any antibody (n=13) No antibody (n=289) p value
Mean (SD) Mean (SD)
Albumin g/L. 37.1(2.4) 37.3(2.7) 0.799
C-reactive protein mg/L 3.6 (4.8) 2.6 (3.2) 0.302
Calprotectin pg/L 980 (547) 756 (336) 0.042*
Ferritin pg/L 101 (104) 104 (99) 0.904
Controls
Any antibody (n=19) No antibody (n=218) p value
Mean (SD) Mean (SD)
Albumin g/LL 38.3(1.8) 38.4 (2.6) 0.979
C-reactive protein mg/L 1.8 (2.3) 1.9 (3.9) 0.866
Calprotectin pg/L 738 277) 830 (801) 0.626
Ferritin pg/L 131 (125) 139 (155) 0.829

*Statistically significant
SD Standard deviation

Table 5 The prevalence of antibodies typical for inflammatory bowel disease in the preclinical phase

Subjects Years before diagnosis Proportion of subjects with antibodies before diagnosis
Israeli et al. [18] CDn=32 Mean 59 months CD: ASCA 31%
UCn=38 UC: pANCA 25%
Controls n=131 Controls: ASCA 1% and 0% pANCA
Van Schaik et al. [19] CDn=77 Mean 4.5 years A panel of antibodies (ASCA IgG, ASCA IgA,
UCn=167 PANCA, anti OmpC, anti-CBir 1)
CD 39%
UC 35%
Choung et al. [16] CD n=100 First sample: median 6.0 years ~ ASCA-IgA 61%

(IQR 5.6-8.1) ASCA-IgG 54%
Following samples: median Anti-Fla2 47%
4.2 years (IQR 3.5-5.4) Anti-FlaX 49%

Anti-CBirl 37%
Anti OmpC 19%

study, but the number of patients with positive antibodies
was lower than in the study by Choung et al., and we also
lacked longitudinal samples.

We found a significantly higher proportion of ASCA in
subjects that later developed CD than in control subjects.
The presence of ASCA is also common in patients with
an established CD diagnosis and first-degree relatives of
patients with CD [26-28]. The role of Saccharomyces cer-
evisiae in the pathogenesis of CD is unclear. This yeast spe-
cies is considered an opportunistic low virulent pathogen
and widespread at home (baking) and in the food industry.
Approximately, 6% of the normal population has Saccha-
romyces cerevisiae in the digestive tract [29]. However,
because Saccharomyces cerevisiae originates from food and
its occurrence in the gastrointestinal tract is transient, it has

been debated if the yeast should be considered to belong
to the commensal flora of the gut or not [29, 30]. Saccha-
romyces cerevisiae is rarely found among the CD patients
with ASCA, indicating that these antibodies exist without
continuous exposure to Saccharomyces cerevisiae [31]. Pre-
viously, an increased gut permeability has been suggested to
be involved in the production of ASCA in patients with CD,
but this hypothesis has later been questioned since no asso-
ciation has been seen between ASCA levels and the degree
of gut permeability in patients with CD [26].

Except for ASCA, no other antibody alone was associated
with developing IBD in our study. This is consistent with
a recent study by Torres et al. [20], who found that no sin-
gle specific antibody, including pANCA, the most specific
marker for UC, could accurately predict UC.
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To our knowledge, this is the first study that explores
the presence of goblet cell antibodies and antibodies to
pancreas antigen in the preclinical phase of IBD. We found
that the number of these antibodies was low in our study.
Antibodies against the exocrine pancreas have been associ-
ated with younger age at onset of IBD [32]. In our study,
a higher proportion of patients with later onset could
perhaps explain the low prevalence of pancreatic antigen
antibodies.

We investigated the plasma concentration of inflamma-
tory markers in subjects with and without antibodies. In
the subjects who later developed IBD, the mean plasma
calprotectin levels were significantly higher in the per-
sons with detected antibodies compared to persons with-
out antibodies, but there were no differences in the levels
of CRP, albumin or ferritin. This finding may reflect that
antibody positivity is associated with subclinical systemic
inflammation in the preclinical phase of IBD, but need to
be tested in a larger cohort.

There are some limitations to our study. First, our
data is based on a single sample for each subject, and we
lack longitudinal information on the serological markers.
Second, our study includes three cohorts with different
characteristics. For example, VIP and the Mammogra-
phy screening cohort mainly include older subjects and
the Mammography screening cohort and the Maternity
cohort only include women. The sample in the Maternity
cohort is performed during pregnancy which can influence
antibody levels. All samples had been frozen for several
years, which could impact the quality of the sera. In addi-
tion, other antibodies not analyzed in our study have been
associated with IBD [7]. For example, antibodies against
the outer membrane protein (OmpC) of Escherichia coli
and antibodies against subtypes of flagellins (anti-FlaX,
anti-Fla2, anti-CBirl) have been shown to be increased in
patients with CD years before diagnosis [16].

To conclude, as in line with previous studies, we found
an increase in antibodies typical for IBD years before diag-
nosis. However, in our population, the increase was only
modest. Very few subjects had detectable antibodies to
goblet cells and pancreas antigen.
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