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FIGURE 4. Expression of HNP 1-3in the tissue of patients with active UC or CD and in normal colon tissue. (A) HE staining of colon tissues
from patients with UC. {8,C) Immunohistochemical staining demonstrated extensive HNP 1-3 expression in the colon tissues of patients
with UC. Many HNP 1-3-positive cells were observed in the crypt abscesses (B: arrow) and in neutrophlls that had migrated into the
epithelial layers (C; arrowhead). In addition, an ulcer lesion observed in the colon sample stained positive for HNP 1-3.(D,E) Although small
numbers of neutrophils in the blood vessels and submucosal tissues were positive for HNP 1-3, epithelial cells in colon samples from
patients with inflamed CD or normal subjects were not positive for HNP 1-3, Original magnification: 100 (A,B) and 200 (C~E).

the level of HNP 1-3 had a high discriminatory power for
estimating the efficacy of treatment in patients with UC.

DISCUSSION

We identified 27 proteins that showed significant dif-
ferences in the serum protein profiles of patients with UC
compared with those of healthy controls using SELDI-
TOF/MS analysis. Of these proteins, 3 signals around 3400
m/z were confirmed to correspond to HNP 1, 2, and 3. In
addition, we observed an increase in HNP 1-3 plasma levels
in patients with active-phase UC compared with that seen in
patients with remission-phase UC or CD; these levels were
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higher in the plasma of UC patients who showed better
therapeutic outcomes than in samples from nonresponder
patients.

Several studies have suggested that the development of
IBD requires the interaction of genetic factors with both
specific luminal bacterial antigens and environmental triggers
that break the mucosal barrier.'s-13 Although the principle
treatment for IBD is the suppression of inflammation, treat-
ment strategies for the 2 diseases, UC and CD, are somewhat
different. Whereas these differences may address the differ-
ent biomarkers of the 2 conditions, a specific biomarker for
IBD remains unknown. To discover a biomarker of UC, we
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TABLE 3. Characteristics of Patients with Active UC in the Responder Group and Nonresponder Group

Responder Nonresponder P-value

Number 8 7
Gender (M/F) 513 52 0.7
Age {yr) 33.5 £ 13.8114-50) 42.3 * 19.8 [16-068] 0.4
CRP (mg/dl) 7217 33 x45 0.4
WBC (cells/ul) 12714 + 4604 7657 = 3423 0.04
Platelets X 10*ul 40.4 *+ 7.4 36.2 = 11.1 0.3
HNP 1-3 (ng/ml) 273.0 £ 2243 84.6 + 26.5 0.002
Type of UC

Pancolitis/Left-side colitis 771 512 0.6
UCDAI score 94 *+ 46 86 £ 19 0.7
Duration 6.7 = 6.5[1-19] 57+ 5.1{2-16] 0.8

Data are shown as the means * SD [ranges]. Statistical significance was determined using a Mann-Whitney U-test or Fisher’s exact test, as appropriate. UC,

ulcerative colitis; UCDAL, Ulcerative Colitis Disease Activity Index.

employed ProteinChip technology. The likelihood of finding
reliable tumor markers by analyzing tissue may be higher
than in analyses of serum'Z; malignant cells may produce
proteins that are useful biomarkers. In nonmalignant diseases,
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FIGURE 5. HNP 1-3 levels in the responder and nonresponder
groups before treatment predicted therapeutic outcomes in UC
patients; changes in the HNP 1-3 levels in UC patients in re-
sponse to treatment are presented, The mean concentration of
HNP 1-3 in the responder group before treatment was signifi-
cantly higher than that seen in the nonresponder group, which
indicates that HNP 1-3 levels may be an effective predictor of
therapeutic outcomes. HNP 1-3 levels tended to decrease after
treatment in the responder group, whereas no changes were
observed for the nonresponder group. Patients whose plasma
was not obtained after treatment were excluded from analysis.

such as UC, protein profiling of serum or plasma may be
more informative than that of tissue samples. Additionally,
fluid samples, such as serum, are easier to obtain than tissue
samples. Thus, we used serum samples to identify new bi-
omarkers for UC.

Defensins are one of the most extensive peptide fami-
lies of naturally occurring antibiotics. These peptides exhibit
microbicidal activities against Gram-positive and Gram-neg-
ative bacteria, mycobacteria, fungi, and certain enveloped
viruses. HNP 1-3 are part of the a-defensin family and
components of the innate immune response. HNP -3 are
synthesized by neutrophil precursor cells and released at
inflammatory sites by mature circulating neutrophils.®'® The
expression of HNP 1-3 has been observed in epithelial cells
of the ileum and colon in patients with active UC or CD.20
Whether neutrophils within inflamed colon tissue express
HNP 1-3 in IBDs, however, is not known. In this study, we
demonstrated that the colon mucosal tissue of patients with
active UC or CD displayed minimal immunoreactivity for
HNP 1-3, whereas the infiltrating neutrophils were stained
strongly. These results indicate that HNP 1-3 were secreted
from neutrophils, leading to increased plasma levels in pa-
tients with UC. High concentrations of HNP 1-3 can be
cytotoxic for epithelial cells due to cytolysis and can induce
apical conduction in CI™ secrelory epithelia.?'22 Thus,
whereas HNP 1-3 have antibacterial activities in the carly
phase of UC, they also may injure the colon if they are
overexpressed by infiltrating neutrophils. High concentra-
tions of HNP 1-3 may adversely affect colon tissues in UC
patients, potentially contributing lo diarthea.? HNP 1-3 are
secreted from the azurophilic granules of neutrophils follow-
ing stimulation with 1L-8.2 Epithelial-derived IL-8 is thought
to mediate neutrophil migration and infiltration during the
inflammatory process of UC.2326 JL-8 mRNA levels are
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significantly higher in UC patients with crypt abscesses.??
Although HNP 1-3 have been reported o be cxpressed by
surface enterocytes in the mucosa of patients with active
IBD,?® we observed only minimal staining of the colonic
surface mucosa from patients with active UC using anti-HNP
1-3 antibodies. Moreover, Caco-2 and HT-29 cells, 2 colon
epithehal cell lines, do not express HNP 1-3 (data not
shown). Therefore, we hypothesized that HNP 1-3 are ex-
pressed by neutrophils following stimulation with IL-8,
which suggested a correlation between the [L-8 and HNP 1-3
levels. We did not, however, observe a correlation between
the IL-8 and HNP 1-3 levels in the plasma from active UC
patients, and there was no association between the disease
activity score and plasma IL-8 concentrations (data not
shown). These results indicate that HNP 1-3 expression may
be affected by other factors and HNP 1-3 values appear to be
more useful to measure clinical UC disease activity than 1L-8
levels.

Neutrophils are critical cellular mediatars of the inflam-
mation observed in UC. Neutrophils increase in number and
display augmented activation during active-phase UC, but not
inactive-phase UC.2% Neutrophils extensively infiltrate colon
tissue in patients with UC, and can be detected in the in-
flamed mucosa during even the early stages of inflamma-
tion.?%:30 Platelets are also important in the pathophysiology
of UC3! Cytapheresis therapy (including LCAP) in combi-
nation with steroid therapy can be an effective treatment
option for patients with active UC.3? LCAP may remove and
modulate both leukocytes and platelets, thereby altering the
expression of proinflammatory cytokines.?334 The effect of
LCAP on HNP 1-3 levels, however, has not been examined,
and further studies are needed to determine whether HNP (-3
levels decrease in response to LCAP. In addition, we showed
that HNP 1-3 levels in the plasma were higher in patients
with active UC than in those with infectious colitis, and HNP
1-3 levels were similar between patients with infectious
colitis and healthy controls. In contrast, it was reported that
HNP 1-3 levels in patients with severe infectious diseases,
such as sepsis, were higher than those in healthy controls.?*
The disease severity of the enrolled patients with infectious
colitis in this study may have affected our results. Cytaphere-
sis therapy, however, may not be effective for severe infec-
tious diseases, including infectious colitis, and high concen-
trations of HNP [-3 in patients with active UC may be
associated with disease characteristics. Further examination,
including cases of infectious colitis with sepsis, will be nec-
essary.

As previously reported, we found that several inflam-
matory makers, including the CRP level, WBC, and platelet
count, decreased after treatment. Changes in these inflamma-
tory markers did not predict the treatment outcome of patients
with UC, whereas plasma levels of HNP 1-3 correlated with
UC disease activity and predicted the therapeutic outcome.
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There were no correlations between plasma HNP 1-3 levels
and inflammatory markers, such as platelet counts and CRP
levels, These resulls may suggest that high levels of HNP 1-3
independently indicate the activity of disease and the feasible
treatment outcome in patients with UC. However, there is a
limitation in the use of HNP 1-3 measurement as a biomar-
ker; low levels of HNP 1--3 in colitis patients did not diagnose
whether they bad nonresponder UC or active CD, Therefore,
low levels of HNP 1-3 in colitis patients should be assessed
by clinical symptoms, stool for bacterial examination, and
endoscopic and radiographic examination of the gastrointes-
tinal tract for diagnosis. Other proteins and peptides that were
detected by SELDI/TOF-MS in this study are now under
investigation and may serve as additional biomarkers for the
assessment of IBD, especially in nonresponder UC patients.

The levels of HNP 1-3 in tumor tissue and serum were
reported to increase in patients with CRC.'2 It was also
reported that plasma HNP 1-3 concentrations determined
using ELISA increased in Duke’s stages C and D, but not in
A or B compared to healthy controls.'* In contrast, we
showed that HNP 1-3 concentrations in CRC patients at
Duke’s stage A were higher than those seen in patients with
inactive UC and healthy controls. Although HNP 1-3 con-
centrations in CRC patients at Duke's stage A seem to be
similar between our study and a previous study'4 (100.8
* 27.6 versus 105.4* 80.6 ng/mL, respectively), the con-
centrations in the healthy controls were different between the
2 studies (77.5 ®£16.5 versus 96.6 * 36.2 ng/mL). In addi-
tion, Albrethsen et al'* mentioned that in addition to Duke’s
C and D, HNP 1-3 expression in CRC tissues at Duke’s A
and B was higher than in normal tissue by SELDI Protein-
Chip. It is controversial whether the increased HNP 1-3 in
tumors is localized to cancer cells or to neutrophilic leuko-
cytes. There is the possibility that the plasma HNP 1-3 levels
will increase in patients with CRC at Duke’s stage A and that
HNP 1-3 concentration is a potential marker for the assess-
ment of CRC patients with advanced disease.!24 In addition,
these results indicate that HNP 1-3 levels may not be able to
distinguish between active UC and colon cancer. In the
clinical setting, however, UC can typically be distinguished
from colon cancer by various clinical features, such as diar-
rhea, fever, and colonoscopic findings. On the other hand,
colon cancer commonly occurs in patients with UC, espe-
cially those who have suffered from the disease for a long
period of time; such colon cancers are difficult to detect using
colonoscopy. HNP 1-3 levels may help to signal the occur-
rence of colon cancer in UC patients when high concentra-
tions of HNP -3 are detected in the absence of active colitis;
these patients should be extensively examined, including total
colonoscopy and random biopsies.

In conclusion, we used SELDI-TOF/MS to perform
serum prolein profiling and determined that HNP 1-3 levels
increase in patients with active-phase of UC. We also con-
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firmed that HNP 1-3 are predictive markers for UC treatment
oulcomes. Although these markers may not distinguish UC
from CRC, HNP 1-3 are uselul markers for the differential
diagnosis of patients with IBD.
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Long-term prospective pilot study
with tranilast for the prevention of
stricture progression in patients
with Crohn’s disease

Fibrosis and strictures are common and irre-
versible complications of Crohn’s disease that

anthranilic acid, inhibits keloid scar formation
through the inhibition of production of metal-
loproteinases and tissue inhibitor of metallo-
proteinase-1 from neutrophils.’ Please check
the phrase “inhibition of ... neutrophils” is OK
Tranilast has been shown to inhibit fibrosis in
various experimental models.”* Randomised,
double-blind, placebo-controlled studies have
shown substantial inhibition by tranilast of
restenosis of coronary arteries.”™ A case report
has demonstrated the efficacy of long-term
administration of tranilast in inflammatory
endobronchial stenosis.*

Between June 2001 and July 2005, 24
patients with quiescent Crohn’s disease with
non-symptomatic intestinal strictures were
recruited. Baseline intestinal stricture was
evaluated by small bowel barium enteroclysis,
or Gastrografin® (Schering Aktiengesellschaft,
Berlin, Germany) enteroclysis under endo-
scopic examination using a digital caliper
(Digimatic® Caliper, Mitutoyo Corporation,
Kawasaki, Japan). Patients were allocated
using a random number table to receive
tranilast 200 mg (2 tablets) after every meal,
three times daily (tranilast group) or to a
control group that did not receive the agent,
and followed up prospeciively. The primary
endpoint was whether or not there was
development of symptomatic stricture requir-
ing hydrostatic balloon dilatation of the siric-
ture or requiring surgical resection, which was
quantified as the cumulative non-symptomatic
stricture rate. The secondary endpoint used in
this study was the diameter of the stricture,
which was measured at the time of recruitment
(basal diameter) and at the time of develop-
ment of symptomatic stricture or at the latest
follow-up (final diameter). Change in diameter
during the follow-up period was assessed using
the equation (final diameter-basal diameter/
basal diameter) 100/month. The change in
diameter was compared between groups (%
change/month)

There was no significant difference in
clinical backgrounds between the tranilast
group and the control group (table 1). One
patient in the tranilast group withdrew
because of a reduced white blood cell count.
During the observation period, one patient in
the tranilast group and two in the control
group received infliximab infusion, and two
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Figure 1 Cumulative non-symptomatic stricture
rate with and without oradl franilast
administration, Patients taking tranilast had o
significantly higher non-symptomatic stricture
rate compcre(fwith those not receiving this
agent. The median observation period for the
tranilast group was 782 (25th percentile 558,
75th percenﬁg 1093) days, witE a period of 559
(366, 738) days in the control group.

seven control patients had been taking immu-
nomodulators (azathioprine or mercaptopurine
there were no significant differences between
groups for these factors.

Hydrostatic balloon dilatation was done in
one patient in the tranilast group and in five
patients in the control group owing to the
development of symptomatic stricture (fig 1,
p = 0.0034). The median basal diameter of the
stricture was 6.40 mm (25" percentile 4.25,
75" percentile 6.70) in the tranilast group and
6.35 mm (5.50, 7.25) in the control group
{p = 0.3837). At follow-up, the diameter of the
stricture was 5.60 mum (4.25, 11.23) in the
tranilast group and 5.05 mm (4.30, 7.10) in the
control group (p = 0.1769). Change in diameter
during the follow-up period was 0.48% per
month (-0.63, 3.18) in the tranilast group,
compared with ~0.86% per month (-2.11, 0.88)
in the control group (p = 0.2740).

We found a preventive effect of tranilast on
the development of symptomatic intestinal
stricture in patients with Crohn's disease.
Since there is no established effective medical

potentially necessitate  bowel resection. tranilast and one conirol patient had been therapy for intestinal stricture in Crohn's
Tranilast, N-(3’,4'-dimethoxycinnamoyl)  taking oral prednisolone. Six tranilast and disease, long-term tranilast administration
Table 1 Clinical background of the patients
Tranilast group Contral group
Characteristic =12} =12 p Value
Median age, years {25th and 75th percentile) 35.0 (26.5, 40.5) 37.5 (33.5, 44.5) 0.1183
Male/female 7/5 9/3 0.6650
Median disease duration, years {25th and 75th 7.3{4.7,10.5) 11.5{6.5, 13.5) 0.2122
percentile) :
Location of the disease
lleitis 3 7 0.0892
Colitis 4 0
{leocolitis 5 5
Behaviour of the disease
Stricturing 7 4 >0.9999
Penetrating 5 5
Location of stricture
lfeum 7 8 >0.9999
Colon 5 4
Dilferences between groups were analysed by one-way analysis of variance with Bonferroni’s correction. 12 analysis
vas used for table anolysis, and Fisher’s exact fest with Yates' correction was used. The cumulative non-symptomatic
stricture rate was assessed by the lifertable method employing Log rank {Mantel-Cox) andlysis. P values less than 0.05
were considered significant.
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has potential as a therapeutic modality for the
prevention of the development of intestinal
stricture in patients with Crohn’s disease.
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