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Abstract

JBP485 (cyclo-trans-4-L-hydroxyprolyl-L-serine), a dipeptide first isolated from Laennec that is a
proprietary product made from the hydrolysate of human placenta, has been reported to have
several biological properties, such as anti-hepatotoxic, anti-inflammatory and anti-apoptotic
activities. However, the effect of |JBP485 on inflammatory bowel disease has not yet been reported.
Here we investigated the effects of simultaneous and subsequent administration of JBP485 on
dextran sulfate sodium (DSS)-induced colitis in mice. In both experimental protocols, DSS-induced
colitis was established by giving mice drinking water containing 2% (w/v) DSS for 5 days. |BP485 (25
mg/kg) was orally administered once a day during and after DSS treatment for 5 days in the
simultaneous administration experiment while after DSS treatment for 5 days in the subsequent
administration experiment. In the simultaneous administration experiment, |BP485 did not
improve disease progression, such as weight loss, diarrhea and visible fecal blood, as well as
shortening of the colon, but reduced the DSS-induced injury and up-regulation of tumor necrosis
factor-a, interleukin-18, cyclooxygenase-2, monocyte chemotactic protein 1 and C-X-C motif
chemokine ligand | mRNA:s in the colon. In the subsequent administration experiment, however,
JBP485 did not show any effects on DSS-induced colitis. These results demonstrated that
simultaneous administration but not subsequent administration of JBP485 had anti-inflammatory
effects on DSS-induced colitis in mice.
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Introduction

Incidence of inflammatory bowel disease (IBD),
chronic  inflammatory  conditions  of  the
gastrointestinal tract, represented by ulcerative colitis
(UC) and Crohn'’s disease (CD), is currently increasing
worldwide [1]. IBD is characterized by recurrent and

long-lasting episodes of diarrhea, abdominal pain and
fecal blood. The pathogenesis of IBD remains largely
unknown, but it has been reported that a number of
factors, such as genetic predispositions, intestinal
microenvironment and immunological factors, are
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critically implicated [2-5]. In UC and CD, genetic and
environmental factors likely trigger abnormal
immune responses and excessive inflammatory
reactions. Anti-inflammatory drugs, immunosuppres-
sants and antibiotics are mainly used for the treatment
for IBD, but many problems exist in such current
therapies, including major adverse events and poor
therapeutic responses. Therefore, the development of
novel and safe therapies is a prime concern.

JBP485 (cyclo-trans-4-L-hydroxyprolyl-L-serine)
(Fig. 1) is a dipeptide first isolated from Laennec [6].
Laennec is a proprietary product made from the
hydrolysate of human placenta [7]. JBP485 has been
reported to have several biological properties. In
concanavalin A (Con A)-induced liver injury mouse
model, administration of JBP485 reduced hepatic
damage, such as increases in tumor necrosis factor
(INF)-a and intercellular adhesion molecule-1
expression and apoptosis in the liver [7]. Also,
administration of JBP485 to rats improved
gentamicin-induced acute renal failure [8]. However,
the effect of JBP485 on IBD has not yet been reported.

HO
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(Cyclo-trans-4-L-hydroxyprolyl-L-serine)

Figure 1. Chemical structure of |BP485.

The purpose of this study was to investigate the
effect of JBP485 on dextran sulfate sodium
(DSS)-induced colitis in mice. We employed two
protocols: (1) simultaneous and (2) subsequent
administration of JBP485. In this study, we used
salazosulfapyridine (SASP) as a control drug and
attempted to compare the therapeutic effects of JBP
with those of SASP on DSS-induced colitis in mice
because SASP is clinically used for the treatment of
IBD in humans.

Materials and Methods
Materials
JBP485 was chemically synthesized at

Laboratory of Organic and Medicinal Chemistry,

Aichi Gakuin University (Nagoya, Japan). SASP and
0.3% methylcellulose were purchased from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). Saline
were purchased from Otsuka, Pharmaceutical Co.,
Ltd. (Tokyo, Japan).

JBP485 and SASP preparation

JBP485 powder was dissolved in saline and
stored at -80°C until used. SASP was suspended in
0.3% methylcellulose.

Animals

Male C57BL/6 mice (6 weeks old, n = 41) were
purchased from CLEA Japan (Shizuoka, Japan). The
mice were maintained under an artificial 12-h
dark-light cycle (lights on at 8:30 AM) at a constant
temperature of 24 * 1°C and 55% humidity under
specific-pathogen-free ~ conditions. = They  were
provided with the laboratory chow CE-2 (CLEA) and
water ad libitum. All experimental procedures
described were approved by the Animal Care
Committee of Kobe Pharmaceutical University.

DSS-induced colitis model

Study protocol was shown (Fig. 2). DSS-induced
colitis model was established as described previously
[9]. In brief, mice were provided with 2%
(weight/volume) DSS (molecular weight,
36,000-50,000 Da; MP Biomedicals, Solon, OH, USA)
in their drinking water for 5 days. Control mice
received water without DSS. On day 5, DSS
administration was ceased. On day 10 (5 days after
cessation of DSS administration), mice were
euthanized under anesthesia (isoflurane inhalation)
and then the proximal (2 cm distal to the cecum) and
the distal colon (2 cm proximal to the anus) was
excised and used for real-time PCR analysis. The
severe inflammation was observed in the distal colon
but not in the proximal colon (Supplemental Fig. 1)
[10]. Therefore, we used the distal colon for the
subsequent histological and real-time PCR analyses to
elucidate the effect of JBP485 on DSS-induced colitis
in mice. In the simultaneous administration
experiment (Fig. 2A), 0.3% (wt/wt) methylcellulose
(vehicle, Veh), JBP485 (25 mg/kg), or SASP (250
mg/kg) was orally administered to DSS-induced
colitis model a day during and after DSS treatment for
5 days. In the subsequent administration experiment
(Fig. 2B), they were orally administered to
DSS-induced colitis model a day only after DSS
treatment for 5 days. Mice were weighed and
monitored for the appearance of diarrhea and blood
in the stool throughout the experimental period.
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A. Simultaneous administration experiment

| 2% DSS | Colon
excised
Vehicle, JBP485, SASP l l l l l l l l l l
(p.o., q.d.) @
Day 0 5 1'0
B. Subsequent administration experiment
2% DSS | Colon
excised
Vehicle, JBP485, SASP l l i l l
(p.0., q.d.) {
Day 0 5 10

Figure 2. Study protocol. (A, B) Two experiments were conducted to examine the protective and curative effects of JBP485 on DSS-induced colitis in
mice. (A) Simultaneous administration experiment. (B) Subsequent administration experiment. p.o.: per os., q.d.: quaque die.

Assessment of a disease activity index (DAI)

Disease activity was assessed as described
previously [11, 12]. In brief, body weight, stool
consistency, and blood in the stool were monitored
daily using the criteria described in Table 1. Disease
activity index (DAI) was shown the combined score of
weight loss, stool consistency and bleeding.

Table 1. DAI score

Score  Weight loss Stool consistency Blood in stool

0 None Normal Normal

1 1-5%

2 5-10% loose stools Slight bleeding
3 10-15%

4 >15% Watery diarrhea Gross bleeding

Histopathological analysis

The distal colon was removed and fixed with
10% neutral buffered formalin and embedded in
paraffin. Paraffin-embedded tissue sections were cut 4
pm thick and stained with haematoxylin and eosin
(H-E) to address the degree of inflammation.
Histology was scored as follows: epithelium damage,
0 = normal morphology; 1 = loss of globlet cells; 2 =
loss of globlet cells in large areas; 3 = loss of crypts; 4 =
loss of crypts in large areas; and infiltration, 0 = no
infiltrate; 1 = infiltrate around the crypt basis; 2 =
infiltrate reaching the lamina muscularis mucosae; 3 =
extensive infiltration reaching the lamina muscularis
mucosae and thickening of the mucosa with abundant
edema; 4 = infiltration of the lamina submucosa [12].

Real-time polymerase chain reaction (PCR)
Total RNA was extracted from the distal colon

using TRIzol™ Reagent (Thermo Fisher Scientific,
Waltham, MA, USA) according to manufacturer
instructions. RNA concentration was determined
using a ND-1000 spectrophotometer (Nanodrop
Technologies, ~Wilmington, DE, USA). One
micrograms of total RNA were used cDNA synthesis.
A reverse transcription was performed as described in
ReverTra Ace® qPCR RT kit (Toyobo, Osaka, Japan)
protocol. cDNA was amplified with Thunderbird®
SYBR® Green PCR Master Mix (Toyobo). PCR
conditions were 50 cycles of 15 s at 95°C for
denaturation and 60 s at 60°C for annealing and
extension. Primer sequences are shown in Table 2.
Relative expression was calculated wusing the
delta-delta Ct method with -actin used as a reference
gene [13].

Table 2. Primer sequences

Product
size (bp)

Gene NM_ID Sequence (5'—3')

Tnfa NM_013693.2 103 Fw CCACCACGCTCTTCTGTCTAC
Rv AGGGTCTGGGCCATAGAACT
Il1b NM_008361.3 152 Fw CAACCAACAAGTGATATTCTCCATG
Rv GATCCACACTCTCCAGCTGCA
Il6 NM_031168.1 102 Fw CTGGAGTCACAGAAGGAGTGG
Rv GGTTTGCCGAGTAGATCTCAA
Nos2 NM_010927.3 95 Fw CAGCTGGGCTGTACAAACCTT
Rv CATTGGAAGTGAAGCGTTTCG
Ptgs2 NM_011198.3 129 Fw GGTGCCTGGTCTGATGATGTATG
Rv ATGAGTATGAGTCTGCTGGTTTGG
Ccl2  NM_011333.3 95 Fw GCATCCACGTGTTGGCTCA
Rv CTCCAGCCTACTCATTGGGATCA
Cxcll NM_008176 111 Fw ACCGAAGTCATAGCCACACTC
Rv CCGTTACTTGGGGACACCTT
Actb NM_009898.2 138 Fw AGAGGGAAATCGTGCGTGAC
Rv CAATAGTGATGACCTGGCCGT
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Statistical analyses

Data are the mean * standard error (SEM) of
independent determinations for each experiment. The
comparisons of more than two groups were evaluated
by one-way analysis of variance followed by the
Tukey’s test with SPSS v22.0. A value of P<0.05 was
considered significant.

Results

Effect of simultaneous administration of
JBP485 on disease activity index and colon
length

We  investigated  whether  simultaneous
administration of JBP485 had a protective effect on
DSS-induced  colitis in mice. This model is
characterized by weight loss, diarrhea or loose feces,
and visible fecal blood. The protective effect of JBP485
on DSS-induced colitis was assessed using a DAL
Compared with the untreated (NT) group, DAI scores
were significantly increased in the DSS-induced colitis
(DSS+Veh) group (Fig. 3A). JBP485 tended to decrease
the DAI score until day 4, but did not show a
statistically significant difference. Administration of
JBP485 alone to control mice did not affect body
weight or stool throughout the experimental period
(data not shown). SASP did not show any protective
effect, either. Consistent with these results, JBP485
and SASP did not prevent the shortening of the colon
(Fig. 3B). These results indicate that JBP485 did not
show a protective effect on DSS-induced colitis.

Histopathological analysis of the effect of
JBP485 on DSS-induced colitis

To investigate the effect of JBP485 on

A
10

Total DAI score

Days

DSS-induced colitis in more detail, we performed
histopathological analysis using H-E staining.
Compared with the NT group, the DSS+Veh group
showed severe damage in the intestinal epithelium,
associated with pronounced decrease in number of
crypts and infiltration of inflammatory cells (Fig. 4, A
and B). However, JBP485 reduced the DSS-induced
pathological changes, particularly inflammatory cell
infiltration (Fig. 4C). SASP also displayed modest
decrease (Fig. 4D). The histopathological injury scores
were significantly decreased in the JBP485-treated
(DSS+]BP485) and SASP-treated (DSS+SASP) groups
compared with the DSS+Veh group (Fig. 4E and F).
These results indicate that the simultaneous
administration of JBP485 exhibited a protective effect
on the DSS-induced pathological changes.

Effect of JBP485 on mRNA expression of
pro-inflammatory molecules in the colon

We then analyzed the mRNA expression levels
of pro-inflammatory cytokines and chemokines by
real-time PCR. Compared with the NT group, the
mRNA expression levels of TNF-a, interleukin
(IL)-1p, IL-6, monocyte chemotactic protein 1 (MCP-1)
and C-X-C motif chemokine ligand 1 (CXCL1) were
significantly increased in the DSS+Veh group (Fig. 5,
A-C, F and G). JBP485 significantly decreased the
mRNA expression levels of TNF-a, IL-13, MCP-1 and
CXCL1 but not of IL-6. SASP did not decrease the
mRNA expression levels of TNF-a, IL-1p and IL-6, or
rather increased the TNF-a mRNA expression level.
Administration of JBP485 alone to control mice did
not affect the mRNA expression levels of TNF-a,
IL-1P and IL-6 (Supplemental Fig. 2).
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Figure 3. Effect of simultaneous administration of JBP485 on disease activity index and colon length. (A) Disease activity index. Mice were
treated with 2% DSS plus vehicle (Veh), 2% DSS plus |BP485 (JBP), or 2% DSS plus SASP (SASP), or untreated (NT) and total disease activity index was
assessed daily. (B) Effect of |BP485 on the shortening of the colon. The entire colon length of mice treated with 2% DSS plus vehicle (Veh), 2% DSS plus
JBP485 (JBP), or 2% DSS plus SASP (SASP), or untreated (NT) for 5 days was measured. n = 6, each group.
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Figure 4. Histopathological analysis of the effect of simultaneous administration of JBP485 on DSS-induced colitis. (A-D) Representative
images of histological analysis with H-E staining. Untreated (NT, A), 2% DSS plus vehicle (Veh, B), 2% DSS plus JBP485 (JBP, C), 2% DSS plus SASP (SASP, D).
Lower images represent enlarged images of the area enclosed by the dashed lines. (E) Epithelium damage score. (F) Infiltration score. n = 6, each group.
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Figure 5. Effect of simultaneous administration of JBP485 on mRNA expression of pro-inflammatory molecules in the colon. mRNA
expression levels of TNF-a (Tnfa, A), IL-6 (ll6, B), IL-1B (Il b, C), iNOS (Nos2, D), COX-2 (Ptgs2, E), MCP-1 (Ccl2, F) and CXCLI (Cxcll, G) in the colon
were analyzed using real-time PCR. n = 6, each group. *P<0.05; 1P<0.01; NS: not significant.

We also analyzed the mRNA expression levels
of inducible nitric oxide synthase (iNOS) and
cyclooxygenase (COX)-2 and found that both were
significantly increased in the DSS+Veh group
compared with the NT group (Fig. 5, D and E). JBP485
significantly decreased the mRNA expression levels
of COX-2, but not of iNOS. SASP did not influence

these mRNA expression levels.

Effect of subsequent administration of ]BP485
on DSS-induced colitis

In the following experiments, we investigated
whether JBP485 had a curative effect on DSS-induced
colitis in mice. After DSS treatment, JBP485 was
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subsequently administered to mice for 5 days. The
subsequent administration of JBP485 did not improve
disease activity (Fig. 6A), the shortening of the colon
(Fig. 6B) and the DSS-induced pathological changes
(Fig. 7). JBP485 did not decrease the mRNA
expression levels of pro-inflammatory cytokines,
chemokines, COX-2 and iNOS (Fig. 8). These results
indicate that the subsequent administration of JBP485
did not show a curative effect on DSS-induced colitis
in mice.

Discussion

Here we showed that in the DSS-induced mouse
colitis model the simultaneous administration of
JBP485 reduced the inflammatory responses in the
colon, although this treatment did not improve
disease progression significantly. JBP485 is a

A

10

Total DAI score
(2]

Days

dipeptide  derivative from human placenta
hydrolysates [7]. Orally administered JBP485 is
suggested to be almost completely absorbed from
gastrointestinal tract, and hardly to be removed by
hepatic first-pass [6]. JBP485 is absorbed through the
gastrointestinal tract by the di/tripeptide transporter
PepT1 [14]. PepT1 is expressed highly in epithelial
cells of the small intestine, but poorly or not at all in
the colon [15]. However, it has been reported that
PepT1 expression in the colon is up-regulated in
chronic inflamed states including IBD [15, 16]. Thus, it
is assumed that orally administered JBP485 can be
absorbed well in the small intestine and presumably
in the colon. It remains unclear whether absorbed
JBP485 influences the colonic epithelial cells directly
or indirectly through absorption in the small intestine.
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Figure 6. Effect of subsequent administration of JBP485 on disease activity index and colon length. (A) Disease activity index. Mice were
treated with 2% DSS plus vehicle (Veh), 2% DSS plus |BP485 (JBP), or 2% DSS plus SASP (SASP), or untreated (NT) and total disease activity index was
assessed daily. (B) Effect of |BP485 on the shortening of the colon. The entire colon length of mice treated with 2% DSS plus vehicle (Veh), 2% DSS plus
JBP485 (JBP), or 2% DSS plus SASP (SASP), or untreated (NT) for 5 days was measured. n = 4, NT, Veh, and SASP groups; n =5, |BP group.
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Figure 7. Histopathological analysis of the effect of subsequent administration of JBP485 on DSS-induced colitis. Representative images of
histological analysis with H-E staining. Untreated (NT, A), 2% DSS plus vehicle (Veh, B), 2% DSS plus JBP485 (JBP, C), 2% DSS plus SASP (SASP, D).
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Figure 8. Effect of subsequent administration of JBP485 on mRNA expression of pro-inflammatory molecules in the colon. mRNA
expression levels of TNF-a (Tnfa, A), IL-6 (l6, B), IL-1B (lllb, C), iNOS (Nos2, D), COX-2 (Ptgs2, E) and MCP-1 (Ccl2, F) and CXCLI (Cxcll, G) in the
colon were analyzed using real-time PCR. n = 4, NT, Veh, and SASP groups; n = 5, |BP group. *P<0.05; NS: not significant.

It has been reported that JBP485 has tissue
protective effects against the Con A-induced
hepatotoxicity = and  the  gentamicin-induced
nephrotoxicity, and that these favorable actions of
JBP485 likely result from anti-oxidative and
anti-apoptotic activities of this peptide [7, 8]. In the
present study JBP485 inhibited the up-regulation of
TNF-a, IL-1p3, MCP-1, CXCL1 and COX-2 mRNAs in
the DSS-induced inflamed colon. Furthermore, JBPP485
tended to decrease IL-6 and iNOS mRNAs, although
the reduction of IL-6 or iNOS mRNA expression by
JBP485 did not reach statistical significance. The
differential degree of inhibitory action of JBP485
might be due to the differential time course of changes
in these mRNA levels. In Con A-induced liver
damage model, JBP485 inhibited the production and
secretion of TNF-a, which is consistent with our
results [7]. To reveal the molecular mechanism
underlying the anti-inflammatory action of JBP485
against DSS-induced colitis, we assessed the effect of
JBP485 on lipopolysaccharide-induced TNF-a mRNA
expression in cultured colon epithelial cell line Caco-2
cells, but we could not observe anti-inflammatory
effect in vitro (data not shown). Therefore, the direct
action on epithelial cells might not play a major role in
the anti-inflammatory action of JBP485 in mice. On the
other hand, SASP, which is widely used to treat IBD,
did not decrease TNF-a, IL-1p, IL-6, MCP-1, CXCL1,
iNOS and COX-2 mRNA expression in DSS-induced
inflamed colon. This is consistent with a previous
report showing that SASP did not improve
DSS-induced colitis in mice [10].

The mechanism of the DSS-induced colitis in
mice and rats remains unclear, but it is suggested that
DSS induces damage of the mucosal epithelial barrier,
allowing the dissemination of pro-inflammatory
intestinal contents, such as intestinal commensal
bacteria and their products, into the colonic wall [9].

Pro-inflammatory intestinal contents cause the
infiltration of inflammatory cells and increase
pro-inflammatory cytokines, further enhancing

penetration and dissemination of bacteria and their
products. In addition to such a mechanism, innate
immunity also plays a role in humans. Interestingly,
JBP485 promoted the expression and secretion of
mucin in the conjunctival epithelium [17]. Mucin
plays an important role to preserve gastrointestinal
mucosal barrier against bacterial penetration, and
therefore it could be possible that JBP485 protects the
DSS-induced damage of the mucosal epithelial barrier
by promoting the expression and secretion of mucin.
Thereafter, we examined whether mucin 2 mRNA
expression could be up-regulated after administration
of JBP485 for 5 days, but observed that it was not
changed (98.6 £ 0.56 % of the control mice, n = 4).
Consistent with this result, in the present study,
administration of JBP485 did not improve
significantly disease activity such as diarrhea and
visible fecal blood. These results imply that JBP485
did not have a significant protective effect on
DSS-induced mucosal barrier damage, but exhibited
only anti-inflammatory action as shown with the
reduction in inflammatory cell infiltration and in
pro-inflammatory cytokine/chemokine induction.

http://www.jbiomed.com



Journal of Biomedicine 2017, Vol. 2

108

Surprisingly, the mechanism of how DSS
penetrates the epithelial cells is still unknown as DSS
could be absorbed through passive or active uptake
via a specific receptor or through cell penetration after
complexation with another molecular form. We
showed here that the subsequent administration of
JBP485 did not show a curative effect on DSS-induced
colitis. Accordingly, the possibility that JBP485
reduces epithelial penetration of DSS could not be
excluded.

What are clinical implications in this study?
TNF-a may have a central role in immune-mediated
diseases, such as rheumatoid arthritis and IBD,
because inhibition of TNF-a by means of neutralizing
antibodies or soluble decoy receptors has been proven
for its favorable effect on these diseases. Because
JBP485 markedly prevented TNF-a in the
DSS-induced inflamed colon, the present study
provides the possibility that this peptide emerges as a
promising agent for IBD. However, unfortunately
because the favorable effect of JBP485 on IBD requires
further clarification, it might be used as an adjunctive
therapy together with the primary treatment with
anti-inflammatory and immunosuppressant drugs.

In conclusion, in the simultaneous
administration experiment, JBP485 did not improve
disease activity significantly, but did reduce the
DSS-induced injury and up-regulation of TNF-a,
IL-1B, MCP-1, CXCL1 and COX-2 mRNAs in the
colon. In the subsequent administration experiment,
however, JBP485 did not show any effects on
DSS-induced  colitis. These results provide new
insights into the anti-inflammatory action of
simultaneous  administration of JBP485 in
DSS-induced colitis.
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