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Abstract : Purpose : Although the pathogenesis of inflammatory bowel disease (IBD)
is unclear, autoimmune processes seem to play roles in IBD because several types of
autoantibodies have been found in it. Calreticulin (CRT) is a soluble Ca?* binding
protein which is present in a wide variety of cells. CRT is localized mainly in the
endoplasmic reticulum and is often a target for autoantibodies. The aim of this
study was to evaluate the clinical significance of anti-CRT antibodies measured by
enzyme-linked immunosorbent assay (ELISA) using the sera of patients with ulcer-
ative colitis (UC) and Crohn’s disease (CD).

Methods : We measured the serum anti-CRT antibodies of 31 Japanese patients
with UC and 24 with CD by ELISA. The controls were 105 subjects: 30 healthy
persons, 44 patients with primary biliary cirrhosis (PBC), 21 with systemic lupus
erythematosus (SLE) and 10 with acute colitis (AC).

Results : The mean titer of anti-CRT antibodies was significantly higher in
patients with UC than in healthy individuals (p <0.05). The prevalence of anti-CRT
antibodies in these patients was significantly higher during the initial phase than
during the passing phase (p <0.05). In patients with CD, the mean titer of anti-CRT
antibodies was not significantly higher than in healthy individuals. The positivity
for anti-CRT antibodies, however, was about 309 in those patients, which was as
high as in patients with UC, SLE and PBC. In patients with AC, anti-CRT anti-
bodies were all negative.

Conclusions : The positivity of anti-CRT antibodies may have a diagnostic
value for IBD, especially in the initial phase of UC.
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INTRODUCTION

Calreticulin (CRT) is a soluble Ca?* binding protein which is present in a wide
variety of cells'™®. CRT is localized mainly in the endoplasmic reticulum and is
often a target for autoantibodies in patients with systemic lupus erythematosus
(SLE), rheumatoid arthritis (RA), Sjogren syndrome (SS), mixed connective tissue
disease (MCTD), primary biliary cirrhosis (PBC) and autoimmune hepatitis (AIH).
In addition to being a target for autoantibodies, this protein is implicated in comple-
ment inactivation and stimulation of inflammatory mediators. Anti-CRT anti-
bodies are also found in the sera of patients with parasitic infections caused by
Schistosoma mansoni, Trypanosoma crusi, and Plasmodium wmalariae, which secrete a
CRT homologue*~!2,

Celiac disease (CLD) is one of the small bowel diseases characterized by villous
atrophy, crypt hyperplasia and increased number of intraepithelial lymphocytes.
CLD is induced in genetically susceptible individuals by dietary gliadin from wheat
or by analogous proteins from rye and barley and less by oats. The sera from celiac
patients contain high levels of IgG and IgA antibodies to gliadin and autoantibodies
against endomysial and enterocyte antigens. The endomysial antigen has recently
been identified as tissue transglutaminase. Cross-reactive enterocyte proteins were
isolated and the first enterocyte antigen was identified as CRT3-1%),

Inflammatory bowel disease (IBD) consists of chronic tissue-destructive
inflammatory diseases, either limited to the large bowel (ulcerative colitis, UC) or
occurring anywhere along the alimentary canal (Crohn’s disease, CD). The etiology
of IBD has not been fully clarified ; however, recent observations suggest aberrant
Toll-like receptors and NOD2 signaling may stimulate diverse inflammatory
responses leading to acute and chronic intestinal inflammation!®. Several types of
autoantibodies, including anti-CRT antibodies, have been found in it!*'®, The aim
of this study was to evaluate the clinical significance of anti-CRT antibodies
measured by enzyme-linked immunosorbent assay (ELISA) using the sera of
Japanese patients with UC and CD.

PATIENTS AND METHODS
Patients

Fifty-five patients with IBD, i.e., 31 with UC (19 men and 12 women, aged 15 to
74 years ; mean age, 34.3 years) and 24 patients with CD (17 men and 7 women, aged
16 to 68 years; mean age, 29.1 years), were enrolled in this study. UC and CD were
diagnosed on the basis of clinical, barium meal, barium enema, endoscopic and
histological findings.

The activity of UC was determined by the score established by Truelove'”.
The patients with CD were divided into two groups by the IOIBD score : those in the
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active stage (IOIBD score < 2) and those in the remission stage (IOIBD score < 1)'®.
The clinical course of UC was divided into two phases: initial and passing.
The former represents a period of less than two months from the beginning of
abdominal symptoms, and the latter a period of more.
Control serum samples were collected from 105 subjects : 30 healthy persons, 44
patients with PBC, 21 with SLE and 10 with acute colitis (AC).

ELISA for detection of anti-CRT antibodies (IgG class)

ELISA was done essentially as described by Engvall et l'®. One hundred
microliters of calreticulin (0.5 #g) from bovine liver (Sigma Chemical Co., St. Louis,
MO, USA) in 0.1M sodium carbonate-bicarbonate buffer at pH 9.6 was added to each
well of 96-well microtiter plates (Thermo, Franklin, MA, USA). The plates were
then incubated overnight at 4°C. After three washes with phosphate buffered saline
(PBS) containing 0.05% Tween 20 (PBS-Tween), the wells were coated with PBS
containing 19 bovine serum albumin (BSA) for 2 hours at room temperature. After
three further washes with PBS-Tween, the serum samples, diluted 1:100 in PBS-
Tween, were added to the wells in duplicate and the plates were incubated for 1h at
room temperature. After three further washes with PBS-Tween, 100 xl of alka-
line-phosphatase-conjugated goat F(ab’), anti-human IgG (Tago, Camarillo, CA,
USA), diluted 1:500 in PBS-Tween, was added to the wells, and the plates were
incubated for 1h at room temperature. Immunoreactivity was visualized using p-
nitrophenylphosphate as the substrate (Sigma), and the absorbance was measured
using a spectrophotometer (Benchmark Plus, Bio-Rad, Richmond, CA, USA) at 405
nm. Measurements were standardized using positive control with a high titer of
anti-CRT antibodies from a patient with UC. This standardization was done in all
ELISA tests and defined as 1,000 arbitrary unit (AU). Values greater than mean+
2SD of the AU obtained from the sera of 30 healthy subjects were considered positive
(109.1 AU).

Statistical analysis

Differences in the titers of anti-CRT antibodies as determined by ELISA were
evaluated by Mann-Whitney’s U test. Differences in prevalence between the anti-
CRT antibodies were evaluated by Fisher’s extended exact test. Differences at p
values of less than 0.05 were considered significant.

Measurement of anti-neutrophil cytoplasmic antibodies with perinuclear staining

Anti-neutrophil cytoplasmic antibodies (ANCA) with perinuclear staining (p-
ANCA) were measured by the fluorescent activity method (FA) in a commercial
laboratory (SRL, Tokyo, Japan).
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RESULTS
Anti-CRT antibodies in patients with IBD, PBC, SLE and AC

The titers of anti-CRT antibodies in patients with UC, CD, PBC, SLE and AC
and healthy controls are shown in Figure 1. The mean titers of anti-CRT anti-
bodies were 168.0, 114.7, 105.3, 113.0 and 43.4 AU in patients with UC, CD, PBC, SLE
and AC, respectively, and 61.2 AU in healthy persons. The antibody titers for
patients with UC, PBC, SLE were thus significantly higher than control (P <0.05);
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Figure 1. Distribution of individual values of IgG antibodies to calreticulin in sera of
patients with UC (n=31), CD (n=24), PBC (z=44), SLE (»=21), AC (»=10) and
HC (n=30). The IgG level is expressed in arbitrary unit. Mann-Whitney test
was used for statistical comparison of antibody levels between patients and
controls.
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however, the antibody titers for patients with CD were not. The antibody titers for
patients with UC and CD were significantly higher than that for patients with AC,
which did not differ significantly from control.

The prevalence of anti-CRT antibodies is also shown in Figure 1. Anti-CRT
antibodies were detected in 32.2% (10/31), 33.3% (8/24), 34.1% (15/44), 33.3% (7/21)
and 0% (0/10) of patients with UC, CD, PBC, SLE and AC, respectively, and 0% (0/
30) of healthy individuals.

Correlation between the period from omset of IBD and the prevalence and titers of
anti-CRT antibodies

The clinical course of UC was divided into two phases, the initial phase that
represents a period of less than two months from the beginning of abdominal
symptoms and the passing phase that represents a period of more. As shown in
Table 1, the positivities for anti-CRT antibodies were 66.6% (6/9) and 18.29% (4/22)
in patients during the initial and passing phases, respectively, indicating significantly
higher prevalence of anti-CRT antibodies in the former (p <0.05). The mean titers
of anti-CRT antibodies were 238.3 and 139.2 AU in patients during the initial and
passing phases, respectively.

As for patients with CD, we were able to obtain no serum samples in the initial
phase because onset was difficult to determine.

Correlation between the symptomatic grade and the prevalence and titers of anti-
CRT antibodies in patients with IBD

The prevalence of anti-CRT antibodies was analyzed according to the sympto-
matic grade in patients with UC!?. The positivities for anti-CRT antibodies were
33.3% (7/21) and 30.09% (3/10) in patients with moderate to severe activity and those
with mild activity or in the remission stage (Table 2), respectively, showing no
significant difference between the two groups. The mean titers of anti-CRT anti-
bodies were 200.7 and 99.3 AU in the two groups, respectively.

We divided the patients with CD into two groups by the IOIBD score!®, those in
the active stage and those in the remission stage. The positivity for anti-CRT
antibodies was 33.3% (4/12) in both patients in the active and remission stages

Table 1. Period from onset and prevalence of anti-CRT antibodies in
patients with UC. Significance was calculated using Fisher’s

exact test.
No. of patients No. of positive (%)
initial phase 9 (=) 6 (66.6)
0.05
passing phase 22 (#*) 4 (18.2) :l p<

initial phase: <2 months from beginning of abdominal symptoms
passing phase: >2 months from beginning of abdominal symptoms
mean titer measured by ELISA were 238.3 AU (*) and 139.2 AU (*+).
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Table2. Symptomatic grades and prevalence of anti-CRT antibodies in
patients with UC. Significance was calculated using Fisher’s exact test.

No. of patients  No. of positive (%)

moderate to severe activity 21 (*) 7 (33.3) :I s
remission or mild activity 10 (x%) 3 (30.0)

mean titer measured by ELISA were 200.7 AU (=) and 99.3 AU ().

Table3. Activity and prevalence of anti-CRT ntibodies in patients
with CD. Significance was calculated using Fisher’s exact test.

No. of patients  No. of positive (%)

active stage 12 () 4 (33.3) :I s
remission stage 12 (»#) 4 (33.3)

active stage : I0OIBD score > 2
remission stage : IOIBD score < 1
mean titer measured by ELISA were 110.8 AU (=) and 118.6 AU (*x).

(Table 3). The mean titers of anti-CRT antibodies were 110.8 and 118.6 AU in
patients in the active and remission stages, respectively.

Correlation between the extent of disease and the prevalence and titers of anti-CRT
antibodies in patients with IBD

To evaluate the correlation between the extent of disease and the prevalence of
anti-CRT antibodies, we distinguished the extensive colitis type of UC (disease
extending to the hepatic flexure or beyond) from the left-sided colitis type. The
positivities for anti-CRT antibodies were 30.8% (8/26) and 40.0% (2/5) in patients
with extensive and left-sided colitis types of UC (Table 4), respectively, showing no
significant difference between the two groups. The mean titers of anti-CRT anti-
bodies were 138.0 and 323.8 AU in the two groups, respectively.

We divided the patients with CD into two groups, those diseased in the ileum and
those diseased in the colon, and assessed them separately. Those diseased in both
the ileum and the colon comprised 62.5% (15/24) of the patients. The positivities for
anti-CRT antibodies were 38.99 (7/18) and 28.6% (6/21) in patients diseased in the
ileum and colon (Table 5), respectively, showing no significant difference between the
two groups. The mean titers of anti-CRT antibodies were 121.8 and 104.1 AU in the

Table 4. Extent of disease and prevalence of anti-CRT antibodies in
patients with UC. Significance was calculated using Fisher’s exact

test.
No. of patients No. of positive (%)
extensive colitis type 26 (*) 8 (30.8) :l s
left-sided colitis type 5 (x#) . 2 (40.0) -

mean titer measured by ELISA were 138.0 AU ( *) and 323.8 AU (**).
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Table5. Extent of disease and prevalence of anti-CRT antibodies in
patients with CD. Significance was calculated using Fisher’s

exact test.
No. of patients No. of positive (%)
ileal disease 18 (=) 7 (38.9)
i 7 ns
colonic disease 21 (*#) 6 (28.6)

mean titer measured by ELISA were 121.8 AU (*) and 104.1 AU (x=).

two groups, respectively.

Correlation between surgery-free survival and the prevalence of anti-CRT antibodies
in patients with IBD

Finally, to evaluate the correlation between surgery-free survival and the
prevalence of anti-CRT antibodies in patients with IBD, we divided the 55 patients
into two groups, those with surgery-free survival after they were enrolled in this
study and those without. No patients with UC had a history of total colectomy
when they were enrolled. The summarized results are shown in Table 6 and 7. As
for patients with UC, the positivities for anti-CRT antibodies were 0% (0/6) and 40%
(10/25) in those with a history of surgical operation and those without (Table 6),
respectively, showing no significant difference between the two groups. The mean
titers of anti-CRT antibodies were 55.2 and 195 AU in the two groups, respectively.

As for patients with CD, the positivities for anti-CRT antibodies were 35.7% (5/
14) and 30.09% (3/10) in those with surgical history and those without (Table 7),
respectively, showing no significant difference between the two groups. The mean
titers of anti-CRT antibodies were 115.0 and 114.1 AU in the two groups, respective-
ly.

Table 6. Surgery-free survival and prevalence of anti-CRT anti-
bodies in patients with UC. Significance was calculated using
Fisher’s exact test.

No. of patients No. of positive (%)

operations 6 (%) 0(0) :| s
no operations 25 (++) 10 (40) -

mean titer measured by ELISA were 55.2 AU (=) and 195.0 AU (s»).

Table 7. Surgery-free survival and prevalence of anti-CRT anti-
bodies in patients with CD. Significance was calculated using
Fisher’s exact test.

No. of patients No. of positive (%)

operations 14 (*) 5 (35.7) :]
n.s.
no operations 10 (*x) 3 (30.0)

mean titer measured by ELISA were 115.0 AU (*) and 114.1 AU (»+).
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P-ANCA in patients with UC

Measured in 14 of the 31 UC serum samples, P‘ANCA were negative in all
samples, whereas the positivities for anti-CRT antibodies were 21.4% (3/14).

DISCUSSION

Anti-CRT antibodies are found in the sera of patients with various autoimmune
diseases, such as SLE and PBC*5%112 'We thought it proper to use bovine CRT for
ELISA in this study, because Chen and his colleague proved that the peptides in
bovine CRT are very similar in structure to those in human CRT?®. We assessed
the prevalence of anti-CRT antibodies in patients with PBC and SLE, and compared
the results with those previously reported. The prevalences of anti-CRT antibodies
obtained in this study were 33.3% and 34.19 for patients with SLE and PBC,
respectively. These values are so similar to those (33-75%, 43%) obtained by other
investigators**>*!V that we consider our values for patients with UC (32.2%) and CD
(33.3%) are also reliable. Sanchez and his colleague reported that the positivity for
anti-CRT antibodies was about 20% in patients with IBD*. Our values were
higher than that, especially in the initial phase of UC (62.5%). And the titers of
anti-CRT antibodies in patients with UC were significantly higher than those in
healthy individuals.

A variety of serological tests that are relevant to the diagnosis and treatment
of IBD are emerging. P-ANCA, the most common antibody in patients with UC,
was first described in patients with glomerulonephritis and systemic vasculitis???,
The prevalence of ANCA in patients with UC ranges from 54% to 899229, and that
of p-ANCA from 31.5% to 57%25-2". These values are higher than the prevalence
of anti-CRT antibodies in patients with UC obtained in this study. However, p-
ANCA were negative in all samples, whereas the positivities for anti-CRT anti-
bodies were 21.49%. This contradiction may have been due to the difference in
sensitivity between ELISA and FA. ELISA, however, is not practical for measure-
ment of p-ANCA because it has various target antigens in the sera of UC.
Moreover, there are many cases that are difficult to diagnose as IBD, ruling out other
colitic disorders. In many cases of IBD, indeterminate colitis and unclassified colitis
caused by autoimmunity, ANCA testing is too specific to use as the first diagnostic
test. Less specific serological tests, such as the anti-CRT antibody test, may be
helpful in determining the participation of autoimmunity.

The prevalence of anti-CRT antibodies was significantly higher in patients with
UC during the initial phase than in those during the passing phase. This finding may
mean that the anti-CRT antibody test is more sensitive to the initial phase of IBD
or autoimmune colitic disorders, increasing the diagnostic value of anti-CRT anti-
bodies for IBD.

The etiology of IBD remains to be clarified. Recently, Brimnes and his col-
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leagues reported that CD8* T cells with regulatory activity, which play an active
role in mucosal tolerance, are not present in the lamina propria in patients with
IBD?®. CRT has previously been implicated in the priming of CD8* T cells. Small
amounts of peptide could elicit a specific CD8* response only if they were bound to
CRT?29,  Thus, the appearance of anti-CRT antibodies may play important roles
in the destruction of mucosal tolerance in patients with IBD.

We cannot comment on the correlation of anti-CRT antibodies and the disease
activity of IBD, because the prevalence of anti-CRT antibodies was not significantly
higher in patients with moderate to severe activity than in those with mild activity
or in the remission stage. Immunosuppressive agents like steroids, azathioprine and
sulfasalazine may have lowered the prevalence of anti-CRT antibodies.

Sandborn and his colleagues reported an association between ANCA positivity
in the setting of left-sided ulcerative colitis and resistance to medical therapy®".
This study showed no significant correlation between the diseased lesion, prognosis
and the prevalence of anti-CRT antibodies in patients with IBD.

In conclusion, we have shown that the prevalence of anti-CRT antibodies is as
high in patients with UC as in patients with SLE or PBC. The positivity of anti-
CRT antibodies may have a diagnostic value in IBD, especially in the initial phase
of UC, indicating the participation of autoimmunity in patients with colitic dis-
orders.
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