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Abstract

Background The development of a supportive diagnostic

method has long been required to differentially diagnose

ulcerative colitis (UC) and Crohn’s disease (CD). Several

antibodies circulate in the sera of patients with inflamma-

tory bowel disease. We previously identified the high

mobility group box 1 and box 2 non-histone chromosomal

proteins (HMGB1 and HMGB2) as novel antigens of

perinuclear type anti-neutrophil cytoplasmic antibodies

(pANCA) and discovered anti-HMGB1/HMGB2 antibod-

ies in sera from patients with UC. Here, we evaluated the

ability of anti-HMGB1/HMGB2 antibodies combined with

anti-Saccharomyces cerevisiae antibodies (ASCA) to dif-

ferentially diagnose UC and CD.

Methods We measured titers of anti-HMGB1/HMGB2

antibodies and ASCA in the sera of 213 patients with UC and

93 with CD, using enzyme-linked immunosorbent assays.

Results Among the patients with UC, 26.8% were positive

for anti-HMGB1/HMGB2 antibodies, with 85.0% specific-

ity towards CD and a positive predictive value of 80.3%.

Corticosteroids significantly suppressed the titer of anti-

HMGB1/HMGB2 antibodies. Among the patients with CD,

24.7% were positive for ASCA, with 96.2% specificity

towards UC and a positive predictive value of 74.2%.

Interestingly, the positivity rate of anti-HMGB/HMGB2

antibodies was higher (35.7%) in patients with the ileitis type

of CD than in patients with CD in the colon (6.2%; significant

difference, P \ 0.01). The specificity of anti-HMGB1/

HMGB2 antibodies in UC for CD in the colon was 93.8%.

Conclusions CD in the colon and UC can be differen-

tially diagnosed using anti-HMGB/HMGB2 antibodies

combined with ASCA.

Keywords Anti-high mobility group box 1 and box 2

non-histone chromosomal proteins � Anti-Saccharomyces

cerevisiae antibodies � Ulcerative colitis � Crohn’s disease

Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel

disease (IBD) with unknown etiology. Autoimmune mecha-

nisms might play an important role in the pathogenesis of UC,

and various autoantibodies have been identified in sera from

patients with UC [1–3]. Anti-neutrophil cytoplasmic anti-

bodies (ANCA) are directed against the cytoplasmic com-

ponents of neutrophils and can be identified as cytoplasmic

(cANCA) and perinuclear (pANCA) types by indirect
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immunofluorescence (IIF). pANCA are often recognized in

sera from patients with UC [4] and are thus useful in UC

screening, along with corresponding antigens such as mye-

loperoxidase (MPO) [5], cathepsin G [6], and elastase [7].

Recently, we identified high mobility group box 1 and

box 2 non-histone chromosomal proteins (HMGB1 and

HMGB2) as novel antigens of pANCA and discovered

anti-HMGB1/HMGB2 antibodies in sera from patients

with UC [8].

Both HMGB1 and HMGB2 have strong base domains

and are commonly distributed not only in the nuclei but

also in the cytoplasm of eukaryotic cells, having an amino

acid sequence homology of approximately 81% [9, 10].

HMGB1 and HMGB2 can be assumed to play important

roles based on the high homology observed among species

and on their likely involvement in transcription, cell pro-

liferation, and cell differentiation [11–14].

Though formally called HMG1 and HMG2, they are also

known as HMGB1 and HMGB2 (‘‘B’’ is an abbreviation for

‘‘box’’), because they share a common DNA binding domain

called an ‘‘HMG box’’ [15]. We developed an enzyme-linked

immunosorbent assay (ELISA) to detect anti-HMGB1/

HMGB2 antibodies and found their frequency to be 89% in

autoimmune hepatitis (AIH) and 70% in primary biliary

cirrhosis (PBC) [16]. Moreover, anti-HMGB1/HMGB2

antibodies were also detected at rates between 41 and 48%

among patients with rheumatoid arthritis (RA), systemic

lupus erythematosus (SLE), Sjögren’s syndrome, and pro-

gressive systemic sclerosis (PSS) [17, 18]. Anti-HMGB1/

HMBG2 antibodies were detected in 35% of UC patients, all

of whom had higher disease activity, extensive disease in the

colon, and shorter periods of disease than those who were

negative for these antibodies [19].

Also of interest, because the prevalence of Crohn’s

disease is high among bakers [20], the yeast Saccharomy-

ces cerevisiae has been investigated as an etiologic factor

of CD. In fact, titers of anti-Saccharomyces cerevisiae

antibody (ASCA) are significantly elevated in the sera of

patients with Crohn’s disease [21]. ASCA is highly specific

against the cell-wall mannan of Saccharomyces cerevisiae

[22] and is used to diagnose CD [23].

Observations of clinical symptoms and endoscopic and

pathological findings are usually required to differentiate

UC and CD. A supportive differential diagnostic method

has long been required, and it remains difficult to precisely

diagnose many patients. Because a definitive diagnosis of

IBD based solely on the presence of a single antibody is

difficult, efforts are underway to differentiate UC and CD

using both pANCA and ASCA [24]. Therefore, combined

antibody assays would enhance the accuracy of clinical

diagnoses. We therefore examined the value of anti-

HMGB1/HMGB2 antibodies combined with ASCA in the

sera of IBD patients to differentiate UC and CD. Moreover,

we also evaluated the relationship between these antibodies

and the extent of disease or disease activity.

Methods

Patients and healthy human volunteers

The subjects of this study were all the patients (except for

those who refused to be enrolled in the study) who were

definitely diagnosed as having IBD at the Department of

Internal Medicine of the Keio University Hospital or the

Department of Internal Medicine, St. Marianna University

School of Medicine, during the period from February 2002

to December 2004. The diagnoses were based on clinical

symptoms, laboratory data, and histopathological findings.

Serum samples were obtained from 306 patients. All serum

samples were separated by centrifugation within 1 h of

collection and stored frozen at -70�C. Written, informed

consent was obtained from each participant under a pro-

tocol approved by our Hospital Committee on Clinical

Investigation in accordance with the Declaration of Hel-

sinki. All serum samples were assayed in a blinded fashion.

The clinical characteristics of the patients were as fol-

lows (Table 1). UC or CD was diagnosed, based on clini-

cal, radiographic, endoscopic, and histological findings, by

established criteria [25, 26]. A total of 213 patients had UC

(pancolitis type in 90, left-sided type in 82, proctitis in 37,

right-sided type in 1, pouchitis in 1, and unidentified

locations in 2). Eighty-six of the patients had active dis-

ease; active disease was defined as a Lichtiger score [27] of

Table 1 Clinical characteristics of patients with inflammatory bowel

disease (IBD)

Ulcerative

colitis (UC)

Crohn’s

disease

(CD)

Number of patients 213 93

M/F 96/117 67/26

Mean age (range, years) 33 (17–72) 40 (14–83)

Disease duration (years) 9.4 (0.2–30.2) 9.6 (0–41.3)

Active/quiescent 86/127 26/67

Disease type

Ileitis 28

Ileocolitis 51

Colitis 14

Pancolitis 90

Left-sided 82

Proctitis 37

Others 4

Treatment with/without

corticosteroids

46/167 16/77
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more than 4. The mean duration of the disease was

9.4 years (range 0.2–30.2 years). Forty-six patients were

receiving corticosteroid treatment at the time of blood

sampling.

Of the 93 patients with CD (ileitis type in 28, colitis type

in 14, and ileocolitis type in 51), 26 had active disease

(Crohn’s disease activity index; CDAI score more than

220) [28] and the remaining 67 were in clinical and

endoscopic remission. The mean duration of disease was

9.6 years (range 0.0–41.3 years). Sixteen patients were

being treated with corticosteroids at the time of blood

sampling.

None of the patients had any evidence of liver disease.

We also examined anti-HMGB1/2 antibodies and ASCA

levels in 164 healthy human volunteers (mean age 45.8;

range 18–81 years; M/F 82/82).

Indirect immunofluorescence (IIF) assay to detect

ANCA

Neutrophils were isolated from peripheral blood obtained

from healthy human volunteers by Ficoll density gradient

centrifugation. ANCA activity was determined by IIF assay

as described by Wiik [29] using the Fluoro-ANCA test

(MBL, Nagoya, Japan). Briefly, cytospin preparations of

human neutrophils fixed with 99% ethanol at 4�C for 5 min

were incubated with sera diluted 1:10 at room temperature

for 20 min and stained with fluorescein isothiocyanate

(FITC)-conjugated rabbit anti-human IgG F(ab’)2 anti-

bodies (Serotec, Oxford, UK). The slides were evaluated

by fluorescence microscopy. All samples positive for per-

inuclear staining were retested using neutrophils fixed in

formalin, instead of ethanol, to distinguish ANCA from

antibodies to neutrophil nuclei [30]. Neutrophils were fixed

with phosphate-buffered paraformaldehyde (4%) for

10 min and permeabilized with 99% ethanol for 2 min at

room temperature. Perinuclear or nuclear staining of eth-

anol-fixed neutrophils and cytoplasmic staining of forma-

lin-fixed neutrophils indicated pANCA positivity.

ELISA to detect anti-HMGB1/2 antibodies and ASCA

Anti-HMGB1/2 antibodies

We detected anti-HMGB1/2 antibodies using ready-for-use

HMG-1,-2 mixture (code No. 080-07041; NIPPON GENE,

Tokyo, Japan) from calf thymus, as described previously

[16, 18, 19]. Briefly, HMGB-1,-2 (100 ll; 5 lg/ml in

0.1 M NaPB, pH 7.4) was placed in microtiter plates

(Nunc-Immuno BreakApart Modules, Nalge Nunc Inter-

national, New York, NY, USA) and incubated at 4�C

overnight. Non-specific binding was blocked with 5%

bovine serum albumin (BSA) in phosphate-buffered saline

(PBS). Serum samples were diluted 1:51 in 0.1% BSA, and

binding was detected using peroxidase-conjugated F(ab’)2

goat anti-human IgG (code No. 208; MBL). All samples

were incubated at room temperature for 1 h, and the plates

were washed 4 times with PBS containing 0.13% Tween

20. Antibody titers were expressed as an index, as follows:

(A450 of serum - A450 of negative standard)/(A450 of

positive standard - A450 of negative standard) 9 100]. A

level of [2 standard deviations (SD) above the mean for

normal sera was regarded as positive. Anti-HMG antibody

specificity was determined by competitive inhibition in an

ELISA using soluble HMGB1/HMGB2. Appropriate dilu-

tions of anti-HMG1/2 antibody-positive sera were incu-

bated with equal volumes of HMG-1,-2 mixture (100 lg/ml)

for 30 min at room temperature. Ovalbumin (100 lg/ml)

was used as the control. A reduction in the optical density

(OD) value of at least 30% compared to controls was con-

sidered significant inhibition.

ASCA

ASCA was quantified using ASCA IgG, IgA screen ELISA

kits (lot ASCA-Ig G: 202-01, ASCA-IgA: 304-02; D-tek,

Mons, Belgium). Serum (100 ll) diluted 1/51 in ready-for-

use diluent was added to 96-well microtiter plates coated

with S. cerevisiae mannan. The plates were covered and

incubated for 30 min at room temperature. Free serum

components were removed and the plates were washed 3

times with 200 ll of washing buffer before the addition of

anti-human IgA or IgG antibodies conjugated with horse-

radish peroxidase (100 ll), which were reacted with anti-

bodies bound specifically to the antigen. After incubation

for 30 min at 37�C, free conjugates were removed and the

plates were washed 5 times with 300 ll of washing buffer.

Thereafter, 100 ll of substrate (3,30,5,50-tetramethylbenzi-

dine in citrate buffer with hydrogen peroxide) was added

and the plates were incubated for 10 min at room tem-

perature in the dark. The enzyme reaction was stopped with

100 ll of stop solution (0.25 M sulfuric acid for IgA; 1 M

sulfuric acid for IgG). The plates were read at 450 nm

using a microplate reader (Tosoh, Tokyo, Japan). Diluted

human sera provided by the manufacturer served as an

internal control. Four calibrators (20, 40, 70, 300 U/ml),

and three control samples (ASCA IgG-positive control,

ASCA IgG-negative control, ASCA IgG cut-off control)

were included in the IgA and IgG assays, respectively. The

binding index (BI = ODsample/ODcut-off control) was calcu-

lated for quantitative evaluations. The cut-off control for

the IgA assay was the 20 U/ml calibrator. The sample was

considered positive at a BI C1.0. Additionally, IgA was
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quantified after calculating a standard curve from the four

calibrators. Samples were considered positive at values of

C20 U/ml. All samples were assayed in duplicate.

Statistical analysis

Sensitivity for anti-HMGB1/2 antibodies was defined as the

probability of a positive result in a patient diagnosed with

CD. Specificity for anti-HMGB1/2 antibodies was defined

as the probability of a negative result in a patient diagnosed

with UC. Sensitivity for ANCA was defined as the proba-

bility of a positive result in a patient with UC. Specificity for

ANCA was defined as the probability of a negative result in

a patient with CD. The positive predictive value (PPV) was

defined as the proportion of patients with positive results in

the disease group. The disease prevalence in the population

under investigation was determined by a formula based on

the Bayes’ theorem of conditional probability with the

assumption that the ratios of UC and CD incidence are

equivalent to prevalence. The relationships between test

results and clinical parameters were evaluated using the v2

test and the Mann–Whitney U-test. Significance was

assigned to probability values of less than 0.05. Data

analysis was conducted using the Statistical Package for the

Biosciences (COMWORKS, Saitama, Japan).

Results

Detection of anti-HMGB1/HMGB2 antibodies

The mean and SD values of the anti-HMGB1/HMGB2

antibody titer index in the 164 healthy human volunteers

were 5.0 and 5.4, respectively (6 positive, 158 negative).

Therefore, the cut-off value was set at 16 (mean ? 2 SD).

Applying this index value to data for UC patients resulted

in a sensitivity of 26.8% (57/213), specificity of 85.0%, and

PPV of 80.3% (Table 2). The mean titer of anti-HMGB1/

HMGB2 antibodies for 86 patients with active UC was

16.7, SD was 29.3, and the antibody positivity rate was

30% (Fig. 1). These findings did not significantly differ

from those for patients in remission (15.4, 23.1, and 24%,

respectively). The mean titer of anti-HMGB1/HMGB2

antibodies for 26 patients with active CD was 7.4; the SD

was 5.9. For patients in remission, these values were 11.3

and 14.4, respectively (Fig. 1). These data also did not

differ between patients with active disease and those in

remission.

For 22 patients with active UC treated with corticosteroid,

the mean titer of anti-HMGB1/HMGB2 antibodies was 9.9,

the SD was 6.4, and the positivity rate was 27% (Fig. 2),

representing a significant decrease from the values for 64

patients not receiving corticosteroid treatment (19.0, 33.7,

Table 2 Detection of anti-high mobility group box 1 and box 2 non-

histone chromosomal proteins (HMGB1/HMGB2) antibodies in

patients with UC and detection of anti-Saccharomyces cerevisiae
antibodies (ASCA) in patients with CD

Sensitivity

(%)

Specificity

(%)

Positive

predictive

value

(PPV) (%)

Anti-HMGB1/2 antibodies

(Abs) for UC

26.8 85.0 80.3

ASCA for CD 24.7 96.2 74.2

active
n

mean

SD

Positivity 

26

7.4

5.9

12% (3/26)

remission active remission
67

11.3

14.4

16% (11/67)

127

15.4

23.1

24% (31/127)

86

16.7

29.3

30% (26/86)

UC CD
P>0.05 P>0.05

The titer of anti-HMGB1/2 
Abs

240

200

160

120

80

40

0

200

160

120

80

40

0

Fig. 1 Titer of anti-high mobility group box 1 and box 2 non-histone

chromosomal proteins (HMGB1/2) antibodies (Abs) in ulcerative

colitis (UC) patients with active or quiescent disease state. Among 86

patients with active UC, the titer and the positivity rate of anti-

HMGB1/HMGB2 antibodies did not differ significantly compared to

these features in UC patients in a quiescent disease state. CD Crohn’s

disease

n
mean
SD
Positivity 

77
11.3
13.7

18% (14/77)

16
4.8
2.4

0% (0/16)

22
9.9
6.4

27% (6/22)

64
19.0
33.7

39% (25/64)

Active UC CD

P<0.05 P<0.001
The titer of anti-HMGB1/2 
Abs

240

200

160

120

80

40

0

80

60

40

20

0

PSL PSL PSL PSL

Fig. 2 Among 22 patients with active UC who were administered

corticosteroid (prednisolone; PSL), the titers of HMGB1/2 antibodies

were significantly decreased compared to those in the 64 UC patients

without corticosteroid treatment (left). Among 16 patients with CD

who were administered corticosteroid, the titers of HMGB1/2

antibodies were significantly decreased compared to those in the 77

CD patients without corticosteroid treatment (right)
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and 39%, respectively). For CD patients, corticosteroid

treatment produced a significantly lower mean antibody titer

(4.8; SD = 2.4) than that for the untreated patients (11.3 and

13.7, respectively; Fig. 2). These results indicate that

immunosuppressive agents reduce the titers of anti-HMGB1/

HMGB2 antibodies in patients with IBD, although we should

have assessed the changes of the titers before and after the

treatment with corticosteroids. Subsequently, we examined

the consistency of pANCA positivity among patients who

were positive for the anti-HMGB1/HMGB2 antibodies and

found consistency in 49.1% (28 of 57 patients) of patients

with UC, but in only 7.1% (1 of 14 patients) of those with CD

(data not shown).

Detection of ASCA

The mean antibody titer of ASCA-IgG was 10.6 U/ml (SD

was 7.1) in the healthy human volunteers (5 positive, 159

negative). The cut-off for the controls (mean ? 2 SD) was

25 U/ml, which matched the detection limit (=25 U/ml) in

the manufacturer’s instructions. This cut-off value gave a

sensitivity for CD of 24.7%, specificity of 96.2%, and PPV of

74.2% (Table 2). In 26 patients with active disease, the mean

antibody titer of ASCA was 28.6, the SD was 45.6, and the

positivity rate was 22%, values which did not significantly

differ from the values for 67 patients in remission (24.2, 51.0,

and 26.5%, respectively; data not shown).

Evaluation of HMG and ASCA antibody positivity

in various types of IBD

The positivity rate of anti-HMGB1/HMGB2 antibodies

in UC was 27.8% in the pancolitis type, 26.8% in the

left-sided type, and 21.6% in the proctitis type, indi-

cating that the types could not be distinguished in this

manner (Fig. 3). On the other hand, for CD, the posi-

tivity rate for these antibodies was 35.7% in the ileitis

type, 7.1% in the colitis type, and 5.9% in the ileocolitis

type. These data indicated that the positivity rate in CD

patients with ileitis type (35.7%; 10 of 28 patients) was

higher than that for the CD patients with ileocolitis type

grouped together with those with colitis type (6.2%; 4 of

65 patients), with a significant difference of P \ 0.001.

The various types of CD did not show significant dif-

ferences with respect to the ASCA antibody titer or with

respect to the positivity rate of ASCA antibody (25.0,

21.4, and 25.5% in the ileitis type, the colitis type, and

ileocolitis type, respectively) (Fig. 3). Furthermore, our

studies revealed that the sensitivity, specificity, and PPV

of UC with anti-HMG antibodies(?) ASCA(-) were

25.4, 87.1, and 81.8%, respectively. The sensitivity,

specificity, and PPV of CD with anti-HMG antibodies(-)

ASCA(?) were 22.6, 97.7, and 80.8%, respectively

(Table 3).

Differential diagnosis of IBD in the colon

Of the 65 patients with CD in the colon (alternatively,

colitis and ileocolitis type), 4 were positive for anti-

HMGB1/HMGB2 antibodies (positivity rate of 6.2%)

(Fig. 3). As a consequence, the sensitivity for anti-

HMGB1/HMGB2 antibodies in UC was 26.8% and the

specificity for CD in the colon was 93.8%. Moreover, of

the 65 patients with CD in the colon, 16 were positive for

ASCA-IgG (positivity rate of 24.6%) (Fig. 3), and the

specificity for UC was 96.2%. Furthermore, of the 213

60 80

0 0

20

40

60

20

40

Anti-HMGB1/2 Abs Anti-HMGB1/2 Abs ASCA-IgGASCA-IgG

pancolitis

left-sided
proctitis

ileitis CD

ileocolitis CD
colitis CD

27.8
26.8

21.6

5.6
3.7

0

35.7

7.1

5.9

25.0
21.4

25.5

% %

(10/28)

(1/14)

(3/51)

(7/28)
(3/14)

(13/51)
(25/90)

(22/82)
(8/37) (5/90)

(3/82)

Fig. 3 Analysis of anti-HMGB1/HMGB2 antibodies and anti-Sac-
charomyces cerevisiae antibodies (ASCA) in various clinical types of

inflammatory bowel disease (IBD). The positivity rates of anti-

HMGB1/HMGB2 antibodies in various types of UC were 27.8, 26.8,

and 21.6% in pancolitis, left-sided, and proctitis types, respectively

(left). On the other hand, the positivity rates of anti-HMGB/HMGB2

antibodies in various types of CD were 35.7, 7.1, and 5.9% in the

ileitis, colitis, and ileocolitis types, respectively (right). The relation-

ships between various types of CD and ASCA findings did not differ

significantly
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patients with UC, 54 patients were positive for anti-

HMGB1/HMGB2 antibodies and negative for ASCA-IgG

(positivity rate of 25.4%) (Table 4), and of the 65 patients

with CD in the colon, 3 patients were positive for anti-

HMGB1/HMGB2 antibodies and negative for ASCA-IgG

(positivity rate of 4.6%) (Table 4). Therefore, anti-

HMGB1/HMGB2 antibody positivity and ASCA-IgG

negativity were significantly higher in UC patients than in

patients with CD in the colon. Of the 213 UC patients, 5

patients were positive for ASCA-IgG and negative for

anti-HMGB1/HMGB2 antibodies (positivity rate of 2.3%)

(Table 4), and in contrast, of the 65 patients with CD in

the colon, 15 patients (23.1%) were positive for ASCA-

IgG and negative for anti-HMGB1/HMGB2 antibodies

(Table 4). Therefore, a significantly higher percentage of

patients with CD in the colon showed ASCA-IgG posi-

tivity and anti-HMGB1/HMGB2 antibodies negativity

than those with UC. In addition, in the differential diag-

nosis of UC and CD with colitis, the sensitivity, speci-

ficity, and PPV of UC with anti-HMG antibodies(?)

ASCA(-) were 25.4, 95.4, and 94.7%, and the sensitivity,

specificity, and PPV of CD with anti-HMG antibodies(-)

ASCA(?) were 23.1, 97.7, and 75.0, respectively

(Table 4).

Discussion

Here, we evaluated a new procedure for differentially

diagnosing IBD through the measurement of anti-HMGB1/

HMGB2 antibodies and ASCA-IgG in the sera of IBD

patients. The results indicate that CD can be differentiated

from UC using the combination of measuring serum levels

of anti-HMGB/HMGB2 and ASCA-IgG. This study sug-

gests that this approach would be valuable for reducing

many interventional endoscopic and/or double-contrast

X-ray examinations that are used to differentially diagnose

these diseases. However, it should be noted that this

approach may be appropriate for the differential diagnosis

of CD and UC, but not for screening patients with IBD, as

the sensitivity of this approach was quite low.

The serum autoantibody, pANCA, is effective in UC

screening. However, pANCA antigens are heterogeneous

and many target antigens might be involved with various

IBD pathogeneses; therefore, we considered that a specific

pANCA would be required to establish the significance of

pANCA in IBD. Therefore, we focused on HMGB1 and

HMGB2, which are the target antigens of ANCA [19], and

we examined the presence of anti-HMGB1/HMGB2 anti-

bodies and ASCA in Japanese patients with IBD. As a

Table 3 Differential diagnosis of UC and CD

UC (n = 213) CD (n = 93)

Positive % Positive %

Anti-HMG Abs(?) ASCA(?) 3 1.4 2 2.2

Anti-HMG Abs(?) ASCA(-) 54 25.4 12 12.9

Anti-HMG Abs(-) ASCA(?) 5 2.3 21 22.6

Anti-HMG Abs(-) ASCA(-) 151 70.9 58 62.4

Sensitivity (%) Specificity (%) PPV (%)

Anti-HMG Abs(?) ASCA(-) for UC 25.4 87.1 81.8

Anti-HMG Abs(-) ASCA(?) for CD 22.6 97.7 80.8

Table 4 Differential diagnosis of UC and CD in the colon

UC (n = 213) CD (n = 65)

Positive % Positive %

Anti-HMG Abs(?) ASCA(?) 3 1.4 1 1.5

Anti-HMG Abs(?) ASCA(-) 54 25.4 3 4.6

Anti-HMG Abs(-) ASCA(?) 5 2.3 15 23.1

Anti-HMG Abs(-) ASCA(-) 151 70.9 46 70.8

Sensitivity (%) Specificity (%) PPV (%)

Anti-HMG Abs(?) ASCA(-) for UC 25.4 95.4 94.7

Anti-HMG Abs(-) ASCA(?) for CD 23.1 97.7 80.8
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consequence, we obtained a higher PPV by the present

approach, using the combination of measuring anti-

HMGB1/HMGB 2 antibodies and ASCA, as compared to

previous studies [23]. However, only one patient with

pouchitis was enrolled in this study, and patients with total

colectomy and without pouchitis were not enrolled.

Therefore, we could not determine the impact of surgical

resection in this study. Further study will be needed to

address this issue.

We found that the the positivity rates of anti-HMGB1/

HMGB2 antibodies and ASCA-IgG were 26.8 and 3.8%,

respectively, in patients with UC, compared to 15.1 and

25% in those with CD. The positivity rates for ASCA-IgG

and the antibody titer in Japanese CD patients were lower

than those in CD patients in western countries (positive rate

of about 60%). The antigen for ASCA-IgG is mannan-

peptose, a membranous polysaccharide found on the sur-

face of the yeast cell membrane. Because glycoproteins are

also present in humans, the immunogen for ASCA might

be something other than mannan-peptose [22]. However,

mannan is antigenic even when ingested as food, because

polysaccharides remain stable after heating. A diet free of

mannan is essential to maintaining the remission stage of

Crohn’s disease, which suggests that mannan polysaccha-

ride is the cause of CD [23, 31]. The fact that the Japanese,

who typically eat rice rather than bread, have lower ASCA

titers than westerners [32] is noteworthy, and suggests that

food ingredients are critical in the management of IBD.

Though the positivity rate of ASCA-IgG was not high in

our Japanese CD patients, we surmised that this test might

efficiently diagnose CD due to the high positive predictive

value of 74.2% and superior specificity toward CD.

The positivity rate of anti-HMGB/HMGB2 antibodies in

UC patients in our study was lower than that of pANCA

(positivity rate of pANCA, 36%) [1, 33]. This is because

the target antigens of pANCA are heterogeneous, and

HMGB1/HMGB2 are only two of many target antigens.

Moreover, steroid treatment may have decreased the anti-

body titer of anti-HMGB1/HMGB2 antibodies in our

patients with active CD and UC (Fig. 2).

Previous reports indicate that the positivity rates of

ASCA are higher in patients with ileocolitis and ileitis than

in patients with colitis [24, 34, 35], but we demonstrated

that the positivity rates of ASCA in the ileocolitis, ileitis,

and the colitis types of CD did not differ. Classifying UC

and CD patients into subgroups according to the extent of

disease to evaluate therelationship of disease extent with

anti-HMGB1/HMGB2 antibodies and ASCA showed a

relatively high rate of anti-HMGB1/HMGB2 antibodies in

the ileitis type of CD (35.7%) and an extremely low rate in

the colitis and ileocolitis types (6.2%). This is the first

report to show a clear difference in the rates of anti-

HMGB1/HMGB2 antibodies detected in CD patients with

different disease types. Further, the IgG ASCA binding

index was reported to be significantly lower in patients

with CD who were taking mesalazine than in those not

taking the drug [36]. It was previously reported that ASCA

was present in 31.3% of CD patients before clinical diag-

nosis [37]. Indeterminate colitis is defined as a case in

which a definitive diagnosis of UC or CD cannot be made

at colonoscopy, in colonic biopsies, or in the colectomy

specimen. Furthermore, we have previously confirmed that,

in 17 patients with other colitis (infectious colitis, diver-

ticulitis, and intestinal Behcet’s disease), anti-HMGB1/

HMGB2 antibodies and ASCA were not detectable.

Estimated range of the corresponding antigens is IF-

ANCA (immunofluorescence assay) C pANCA (immuno-

fluorescence assay) C anti-HMGB1/HMGB2 antibodies.

We found that the positivity rate followed this order for all

UC disease types (data not shown) and for patients with

CD in the colon. However, the positivity rate of anti-

HMGB1/HMGB2 antibodies was higher than those of IF-

ANCA and pANCA in the ileitis type of CD, suggesting a

unique distribution. We therefore calculated the consis-

tency of the positive ANCA rates in all samples that were

positive for anti-HMGB1/HMGB2 antibodies. The results

showed that in UC and CD patients positive for anti-

HMGB/HMGB2 antibodies, consistency with pANCA was

49.1 and 7.1%, respectively (data not shown).

While UC and CD are completely different diseases,

distinguishing them in the clinical setting can be difficult

when the disease is located in the colon. Cytapheresis or

surgery for difficult UC cases, and an elemental diet for

CD, using amino acids or infliximab (an anti-tumor

necrosis factor [TNF]-a antibody), are frequently used for

patients in Japan. Relying on conventional diagnostic

methods such as endoscopic and pathological findings to

determine a treatment plan at an early stage does not yield

optimal results. Thus, a new procedure to support differ-

ential diagnosis has been required. Our proposed assay for

the presence of anti-HMGB1/HMGB2 antibodies com-

bined with ASCA-IgG can support the differential diag-

nosis of UC and CD and thus has significant clinical

potential. For CD, the specificity of anti-HMGB1/HMGB2

was 85.0%; for UC, the specificity of ASCA was 96.2%.

The prevalence of patients with anti-HMGB1/HMGB2

antibodies (?) and ASCA-IgG(-) for UC was effective for

distinguishing between UC and CD, especially for CD in

the colon. The prevalence of patients with anti-HMGB1/

HMGB2 antibodies(-) and ASCA-IgG(?) for CD was also

effective in distinguishing these diseases. Thus, anti-

HMGB1/HMGB2 antibodies combined with ASCA may

be an effective diagnostic marker for discriminating

between CD in the colon and UC.

One study has shown that pANCA cross-reacts with

Bacteroides caccae and Escherichia coli [38] and that the

J Gastroenterol (2012) 47:969–977 975
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production of pANCA might be associated with an abnor-

mal immune response to bacteria in the intestinal tract.

Moreover, patients who are positive for pANCA are

more likely to be difficult to treat or to have serious

symptoms, and patients with UC together with high pANCA

levels have a higher probability of developing pouchitis

after colectomy compared to those who are negative for

pANCA [39].

The role of HMGB1/HMGB2 in the pathogenesis of

IBD has not been demonstrated and requires further

investigation. Anti-HMGB1/HMGB2 antibodies combined

with ASCA could be a candidate diagnostic marker for

discriminating between CD in the colon and UC.
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