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Abnormalities of lipid metabolism through overexpression of fatty acid synthase (FASN), which catalyzes the formation of long-
chain fatty acids, are associated with the development of inflammatory bowel disease (IBD). C75 is a synthetic a-methylene-y-bu-
tyrolactone compound that inhibits FASN activity. We hypothesized that C75 freatment could effectively reduce the severity of
experimental colitis. Male C57BL/6 mice were fed 4% dexiran sodium sulfate (DSS) for 7 d. C75 (6 mg/kg body weight) or dimethyl
sulfoxide (DMSO) (vehicle) was administered intraperitoneally from d 2 to 6. Clinical parameters were monitored daily. Mice were
euthanized on d 8 for histological evaluation and measurements of colon length, chemokine, cytokine and inflammatory medi-
ator expression. C75 significantly reduced body weight loss from 23% to 15% on d 8, compared with the vehicle group. The fecal
bleeding, diarrhea and colon histological damage scores in the C75-freated group were significantly lower than scores in the ve-
hicle animals. Colon shortening was significantly improved after C75 treatment. C75 protected colon fissues from DSS-induced
apoptosis by inhibiting caspase-3 activity. Macrophage inflammatory protein 2, keratinocyte-derived chemokine, myeloperoxi-
dase activity and proinflamsmatory cytokines (fumor necrosis factor-a, interleukin (IL)-1p and IL-6) in the colon were significantly
downregulated in the C75-freated group, compared with the vehicle group. Treatment with C75 in colitis mice inhibited the ele-
vation of FASN, cyclooxygenase-2 and inducible nitric oxide synthase expression as well as kB degradation in colon tissues. C75
administration alleviates the severity of colon damage and inhibits the activation of inflammatory pathways in DSS-induced coli-
fis. Thus, inhibition of FASN may represent an attractive therapeutic potential for freating IBD.
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INTRODUCTION

Inflammatory bowel disease (IBD),
which encompasses ulcerative colitis
(UQC) and Crohn’s disease (CD), consists
of chronic and relapsing immune re-
sponses and inflammation in the gas-
trointestinal tract (1). According to the
Centers for Disease Control and Preven-
tion, IBD is one of the top five prevalent
gastrointestinal disease burdens in the
United States, which accounts for
>700,000 physician visits, 100,000 hospi-
talizations and disability in 119,000 pa-
tients each year (2). Over the long term,

up to 75% of patients with CD and 25%
of patients with UC require surgery (3).
IBD is thought to result from an inappro-
priate and continuing inflammatory re-
sponse to the commensal microbes in a
genetically susceptible host. Recent
progress in the understanding of IBD
pathobiology indicates an elevated pro-
duction of inflammatory mediators to in-
duce inflammation, as well as tissue in-
jury due to the migration and infiltration
of hyperactive innate and adaptive im-
mune cells (1). Proinflammatory cy-
tokines, such as tumor necrosis factor
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(TNF)-a, interleukin (IL)-1f and IL-6, as
well as a potent chemokine IL-8 for at-
tracting infiltration of activated leuko-
cytes are under the control of nuclear
factor (NF)-xB and mitogen-activated
protein kinase (MAPK) to cause a variety
of inflammatory events during colitis (4).
Oxygen-derived free radicals and reac-
tive oxygen species (ROS) have also
emerged as a common pathway of tissue
injury and inflammation in IBD (5). This
scenario has given rise to the hope that
efforts directed toward the pharmaco-
logic control of free radical-mediated tis-
sue injury may have a particular applica-
tion toward patients suffering from IBD
(6). Taken together, suppressing the in-
flammatory and ROS pathways will be a
rational strategy to alleviate IBD.

Fatty acids (FAs) are aliphatic acids re-
quired for the production and storage of
energy in the form of ATP to maintain cel-
lular structure, as well as in the biosyn-
thesis of hormones and other biologically
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active molecules (7). Free or unesterified
FAs are ubiquitous in all living tissues
and are unbound to other molecules (es-
pecially albumin) (7). Recently, free FA
has emerged as an important component
in transmitting signals as ligands of either
membrane receptors that are involved in
intracellular signaling or as nuclear recep-
tors that mediate gene regulation (8). Ac-
cumulation of FAs due to altered metabo-
lism and/or unbalanced diet has been
described to be toxic for several organs
(9). In numerous cell types, cell death, cy-
tokine secretion and activation of inflam-
matory processes appear to be conse-
quences of FA accumulation (9). FAs are
known to stimulate NF-xB and activator
protein 1 for transcriptional activation
that ultimately leads to enhanced levels of
monocyte chemoattractant protein-1, vas-
cular cell adhesion molecule-1, intercellu-
lar adhesion molecule-1 and TNF-a (10).
FAs affect biological systems by stimulat-
ing the production of eicosanoids, ROS
and reactive nitrogen species, as well as
inducing cell death and tissue injury (11).
Apart from that, a recent study reveals
that saturated FAs activate toll-like recep-
tor (TLR)-mediated upregulation of proin-
flammatory cytokine expression in
macrophages via NF-xB and MAPK
pathways (12).

Fatty acid synthase (FASN) is a li-
pogenic enzyme that catalyzes the con-
densation of acetyl-CoA and malonyl-
CoA to generate long-chain FAs (13).
FASN consists of two identical multi-
functional polypeptides, each including
seven catalytic domains (13). Because the
generation of FAs by FASN is known to
initiate several biochemical and immuno-
logical pathways that lead to inflamma-
tion, FASN could be an attractive target
for novel antiinflammatory therapies. In
support of this, overexpression of FASN
was observed in patients with UC (14).
C75 is a synthetic cell-permeable a-meth-
ylene-y-butyrolactone compound that ab-
rogates FASN activity and has been well
studied for its anti-tumor activity (15,16).
C75 interferes with the binding of mal-
onyl-CoA to the p-ketoacyl synthase do-
main of FASN, thus inhibiting long-chain

FA elongation (17). Herein, we hypothe-
sized that C75, an FASN inhibitor, might
play an important role in reducing the
inflammatory consequences in IBD. On
the basis of this hypothesis, we induced
experimental colitis in mice by dextran
sodium sulfate (DSS) and evaluated the
efficacy of C75 treatment by monitoring
several clinical symptoms. We then ex-
amined the effect of C75 treatment on tis-
sue integrity, neutrophil infiltration and
inflammatory responses to further eluci-
date the molecular mechanisms involved
in attenuating the disease severity by
C75.

MATERIALS AND METHODS

Experimental Model

Male C57BL/6 mice (12 wks old,
20-25 g) were obtained from Taconic (Al-
bany, NY, USA) and randomly divided
into three groups, consisting of sham,
DSS and DSS with C75 treatment. To pro-
duce a DSS colitis model, mice were fed
4% DSS (molecular weight 36,000-50,000;
MP Biomedical, Solon, OH, USA) in
drinking water for 7 d, whereas the sham
group received only normal drinking
water throughout the experiment. Mice
were administered 0.2 mL C75 (5 mg/kg
BW) or dimethyl sulfoxide (DMSO) in
saline (vehicle) by intraperitoneal injec-
tion once a day from d 2 to 6. The dose of
C75 was on the basis of a previous study
that has shown its effectiveness on mice
(18). All experiments were performed in
accordance with the guidelines for use of
experimental animals by the National In-
stitutes of Health (Bethesda, MD, USA)
and were approved by the Institutional
Animal Care and Use Committee of The
Feinstein Institute of Medical Research
(Manhasset, NY, USA).

Clinical Assessment

The physical and clinical parameters
were monitored daily by visual inspec-
tion throughout the experiment. The di-
arrhea score (stool consistency) and fecal
bleeding were recorded in a 0-3 scale
(0 = normal; 1 = slightly loose stool or
bloody; 2 = loose stool or bloody; and 3 =
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watery diarrhea or blood in whole feces).
Disease activity index was determined
by combining scores of stool consistency,
fecal bleeding and weight loss. On d 8,
mice were euthanized and the colon
length was measured. Proximal, medial
and distal parts of colon tissues were
harvested in liquid nitrogen and stored
at —80°C for further analysis. All the
measurements presented in this study
are from distal colon tissues.

Histopathological Examination

Colon tissues were fixed in 10% forma-
lin and embedded in paraffin. Tissue
blocks were sectioned at a thickness of
5 um and stained with hematoxylin and
eosin. Colonic epithelial damage was as-
signed scores in a blinded fashion, de-
scribed as follows: 0 = normal; 1 = hyper-
proliferation, irregular crypts and goblet
cell loss; 2 = mild to moderate crypt loss
(10-50%); 3 = severe crypt loss (50-90%);
4 = complete crypt loss, surface epithe-
lium intact; 5 = small- to medium-sized
ulcer (<10 crypt widths); and 6 = large
ulcer (=10 crypt widths). Infiltration with
inflammatory cells was assigned scores
separately for mucosa (0 = normal; 1 =
mild; 2 = modest; and 3 = severe), submu-
cosa (0 = normal; 1 = mild to modest; and
2 = severe), and muscle/serosa (0 = nor-
mal and 1 = moderate to severe). Scores
for epithelial damage and inflammatory
cell infiltration were added, resulting in a
total scoring range of 0-12 (19).

Measurements of Cytokines,
Malondialdehyde and
Myeloperoxidase Activity

Colon tissue was homogenized in lysis
buffer (10 mmol/L Tris-HCI, pH 7.5,
120 mmol/L NaCl, 1% NP-40, 1%
sodium deoxycholate and 0.1% sodium
dodecyl sulfate) with protease inhibitor
(Roche Diagnostics, Indianapolis, IN,
USA) by sonication. Protein concentra-
tion of the lysate was determined by the
DC protein assay kit (Bio-Rad, Hercules,
CA, USA). The levels of TNF-a, IL-6 and
IL-1B in colon tissues were quantified by
using specific mouse enzyme-linked
immunosorbent assay (ELISA) kits from



Table 1. Primer sequences used in this study.
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Name GenBank Forward Reverse

MIP-2 NM_009140 CCCTGGTTCAGAAAATCATCCA GCTCCTCCTITCCAGGTCAGT

KC NM_008176 GCTIGGGATTCACCTCAAGAA ACAGGTGCCATCAGAGCAGT
TNF-au X_02611 AGACCCTCACACTCAGATCATICTIC TTGCTACGACGTGGGCTACA

IL-6 NM_031168 CCGGAGAGGAGACTICACAG CAGAATTGCCATTGCACAAC
IL-18 NM_008361 CAGGATGAGGACATGAGCACC CTCTGCAGACTCAAACTCCAC
COX-2 NM_011198 CTCAGCCAGGCAGCAAATC ACATTCCCCACGGTITIGAC

iNOS NM_010927 GCAGGTICGAGGACTATITCTITCA GAGCACGCTGAGTACCTICATIG
B-actin NM_007393 CGTGAAAAGATGACCCAGATCA TGGTACGACCAGAGGCATACAG

BD Biosciences (San Jose, CA, USA).
Malondialdehyde (MDA) was measured
by using 2-thiobarbituric acid reactive
substances assay kit from Cayman (Ann
Arbor, MI, USA). For measuring
myeloperoxidase (MPO) activity, colon
tissue was homogenized in KPO, buffer
containing 0.5% hexa-decyltrimethyl-
ammonium bromide by sonication. After
centrifuging, the supernatant was di-
luted in the reaction solution containing
o-dianisidine hydrochloride and H,O, in
phosphate buffer. The rate of change in
absorbance for 1 min was measured at
460 nm to calculate MPO activity.

Quantitative Real-Time Polymerase
Chain Reaction

Total RNA was extracted from colon
tissues by using a TRIzol reagent
(Invitrogen/Life Technologies, Carlsbad,
CA, USA) and was reverse transcribed
into cDNA by using murine leukemia
virus reverse transcriptase (RT) (Applied
Biosystems/Life Technologies). A poly-
merase chain reaction (PCR) was carried
out in 25 uL of a final volume containing
0.08 umol of each forward and reverse
primer, cDNA and 12.5 uL SYBR Green
PCR Master Mix (Applied Biosystems/
Life Technologies). Amplification was con-
ducted in an Applied Biosystems
7300 real-time PCR machine (Applied
Biosystems/Life Technologies) under the
thermal profile of 50°C for 2 min and 95°C
for 10 min, followed by 45 cycles of 95°C
for 15 s and 60°C for 1 min. The level of
mouse B-actin mMRNA was used for nor-
malization. Relative expression of mRNA
was expressed as the fold-change in com-
parison with the sham. The primers used
for this study are listed in Table 1.

Western Blotting

Colon tissue was homogenized in lysis
buffer with protease inhibitor (Roche Di-
agnostics, Indianapolis, IN, USA) by
sonication. Protein concentration of the
lysate was determined by the DC pro-
tein assay kit. Equal amounts of protein
from total lysate were fractionated on a
4-12% Bis-Tris gel (Invitrogen/Life Tech-
nologies) and transferred to nitrocellu-
lose membranes. Membranes were
blocked by phosphate-buffered saline
with 0.1% casein and then incubated
with anti-cleaved caspase-3 (Cell Signal-
ing, Beverly, MA, USA), cyclooxygenase
(COX)-2, inducible nitric oxide synthase
(iNOS), IkB (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) or p-actin (Sigma-
Aldrich, St. Louis, MO, USA) antibody
diluted in phosphate-buffered saline
with 0.1% casein and 0.1% Tween-20.
After washing, the membranes were in-
cubated with fluorescently labeled sec-
ondary antibody. The membranes were
scanned by an Odyssey imaging system
(LI-COR, Lincoln, NE, USA) for detec-
tion and quantification.

Immunohistochemical Staining of
FASN

Paraffin-embedded colon sections were
dewaxed in xylene and rehydrated in a
graded series of ethanol. Tissues were in-
cubated in 0.92% citric acid buffer (Vector
Laboratories, Burlingame, CA, USA) at
95°C for 15 min. After cooling to room
temperature, the slides were incubated
with 2% H,0O, in 60% methanol and
blocked in 2% normal donkey serum/
Tris-buffered saline, after which they
were incubated with anti-FASN antibody
(1:50; Cell Signaling) in 1% normal don-

key serum/Tris-buffered saline with
0.02% Triton X-100 at 4°C overnight. The
detection was carried with VECTASTAIN
Elite ABC Kit (Vector Laboratories) and
3,3'-diaminobenzidine chromogen sub-
strate solution. The slides were counter-
stained with Mayer’s hematoxylin.

Statistical Analysis

Data were expressed as mean + stan-
dard error of the mean (SEM) and com-
pared by one-way analysis of variance
and the Student-Newman-Keuls test.
Differences in values were considered
significant if P < 0.05.

RESULTS

C75 Alleviates Clinical Parameters of
DSS-Induced Colitis

Body weight loss is a key indicator of
the onset and severity of DSS colitis (20).
Mice received 4% DSS in their drinking
water and started losing weight on d 4
and reached a 23.5% loss from original
weight on d 8 (Figure 1A). However, co-
litis mice with C75 treatment only had a
15.3% weight loss on d 8 (Figure 1A).
C75 treatment also significantly im-
proved the clinical presentations of DSS
colitis by lowering fecal blood and diar-
rhea scores (Figures 1B, C). Disease activ-
ity index, which reflects the overall clini-
cal condition, was decreased by 28.3% in
the C75-treated group in comparison
with the vehicle group (Figure 1D).

Shortening of colon length is another
index to reflect the disease severity of
DSS-induced colitis (21). We first exam-
ined the macroscopic appearance at d 8
and observed that colons from colitis
mice were shorter, had a small cecum,
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Figure 1. Effect of C75 freatment on the severity of DSS-induced colitis. Sham or mice exposed to 4% DSS in drinking water either treated
with vehicle or C75 were monitored daily to record their body weight change (A), fecal blood score (B) and diarrhea score (C). Disease
activity index (D), macroscopic appearance (E) and colon length (F) were assessed at d 8. Data are expressed as mean + SEM (n =5

per group). *P < 0.05 versus sham, P < 0.05 versus vehicle.

were bloody, and had very little stool re-
tained in comparison with the sham mice
(Figure 1E). In contrast, colons of colitis
treated with C75 had a larger cecum,
were less bloody, and had a good
amount of stool retained, compared with
the vehicle (Figure 1E). With quantifica-
tion by measuring, the colon length from
colitis mice shortened by 34.6% on aver-
age, whereas C75 treatment restored it to
25.4%, compared with the sham (Figure
1F). Administration of C75 to mice given
normal drinking water did not affect the
macroscopic appearance and colon
length in comparison with the sham
(data not shown).

C75 Reduces Colon Damage and
Apoptotic Marker in DSS Colitis

We next performed histopathological
evaluation of colon tissues at d 8. Colons
exposed to DSS had massive infiltration
of inflammatory cells in mucosa and
submucosa with epithelial denudation,
crypt loss, edema and ulceration in com-
parison with the sham (Figure 2A).
However, the inflammatory cell infiltra-
tion was only observed in the mucosa of
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the colon after C75 treatment. Apart
from that, C75 treatment markedly re-
duced inflammation and improved the
integrity of structure in the inflamed
colon (Figure 2A). The quantitative
measurements of histological damage
scores showed significant reduction in
the C75 treatment group by 60% in
comparison with the vehicle group (Fig-
ure 2B). We also examined the effect of
C75 treatment on apoptosis by assessing
caspase-3 activity (22). Cleaved caspase-
3 was well detected by Western blotting
in the vehicle group, while its levels
were reduced by 33.2% in the C75-
treated group (Figure 2C).

FASN Expression Increases in DSS
Colitis

To correlate the severity of DSS colitis
to FASN expression, we performed im-
munohistochemical staining in colon tis-
sues. FASN expression in the colons of
the sham mice was mainly localized at
the top of the crypts; however, FASN
was expressed in the entire crypt after
DSS exposure (Figure 3A). Treatment
with C75 restored the pattern of FASN

| MOL MED 20:1-9, 2014

expression resembling the sham, al-
though there was still some patchy
FASN expression throughout the crypt
(Figure 3A). A transverse section indi-
cated that FASN expression was in-
creased after DSS exposure, but reduced
with C75 treatment (Figure 3B).

C75 Decreases Chemokine Levels
and Neutrophil Infiltration in DSS Colitis

Chemokines, such as macrophage
inflammatory protein (MIP)-2 and
keratinocyte-derived chemokine (KC),
attracting neutrophil transmigration
across mucosal epithelia is a hallmark of
several inflammatory diseases, includ-
ing IBD (23,24). The mRNA levels of
MIP-2 and KC in colons dramatically in-
creased to 326- and 28-fold, respectively,
after DSS exposure, whereas their levels
were significantly inhibited by 78.2%
and 68.0%, respectively, with C75 treat-
ment (Figures 4A, B). Correspondingly,
MPO activity, an indicator of neutrophil
infiltration, was well detected in the in-
flamed colon, whereas it was signifi-
cantly lower in the C75-treated group
(Figure 4C).
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Figure 2. Effect of C75 freatment on the histological morphology of colon in DSS colitis. (A)
Representative images of colon fissues stained with hematoxylin and eosin from sham, ve-
hicle and C75-treated mice at d 8. Original magnification 40x. (B) Histological damage
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group). *P < 0.05 versus sham; *P < 0.05 versus vehicle.
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Figure 3. Expression of FASN in the colon of DSS colitis. Colon tissues from sham, vehicle
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Figure 4. Effect of C75 tfreatment on
chemokine expression and MPO activity in
DSS colitis. The mRNA levels of MIP-2 (A) and
KC (B) in colons from sham, vehicle and
C75-treated groups af d 8. Expression in the
sham group is designated as 1 for compari-
son. (C) Colon MPO activity, a marker for
neutrophil infilfration, was determined spec-
tfrophotometrically. Data are expressed as
mean = SEM (n = 5 per group). *P < 0.05 ver-
sus sham; #P < 0.05 versus vehicle.

C75 Lowered Proinflammmatory
Cytokine Levels in DSS Colitis

A cytokine is a principal mediator of
the innate and adaptive arms of the im-
mune responses in mucosal inflamma-
tion (25). We examined the effect of C75
treatment on the expression of TNF-a,
IL-6 and IL-1p in colon tissues at d 8. The
mRNA levels of TNF-a, IL-6 and IL-1p,
determined by RT-PCR, were decreased
by 83.2%, 68.7% and 97.1%, respectively
(Figures 5A-C), as well as their protein
levels, measured by ELISA, were de-
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creased by 19.2%, 21.9% and 30.2%, re-
spectively, in the C75-treated group,
compared with the vehicle group (Fig-
ures 5D-E).

MDA Production and NF-kB Activation
in DSS Colitis Are Attenuated by C75
ROS can degrade polyunsaturated
lipids to form MDA as a direct indicator
of lipid peroxidation-induced injury and
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oxidative stress in tissues (26). After DSS
exposure, MDA levels in colon tissues in-
creased to 1.5-fold in comparison with the
sham group, while its levels were reduced
by 36.5% with C75 treatment (Figure 6A).
The NF-«B signaling pathway plays a key
role in regulating inflammatory responses
including in IBD (27,28). NF-«B is usually
found in the cytoplasm bound to its in-
hibitory protein termed IxB. Degradation
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Figure 6. Effect of C75 treatment on MDA production and kB degradation in DSS colitis.
(A) MDA levels in colons from sham, vehicle and C75-freated groups at d 8. (B) Western
blot analysis of kB expression in colons. Expression in the sham group is designated as 1
for comparison. Data are expressed as mean + SEM (n = 5 per group). *P < 0.05 versus

sham; #P < 0.05 versus vehicle.
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of IkB via proteasomes, triggered by in-
flammatory signals, can result in a
translocation of NK-kB into the nucleus
for the activation (29). We detected a
downregulation of IkB expression in the
inflamed colon, while it was partially re-
stored in the C75-treated group (Figure
6B), indicating the inhibition of NF-«xB ac-
tivation by C75 treatment.

Elevation of COX-2 and iNOS
Expression in DSS Colitis Are Inhibited
by C75

The inflamed colon mucosa in DSS
colitis produces high amounts of
prostaglandins and nitric oxide through
COX-2 and iNOS pathways, respectively
(30). By using RT-PCR, we observed that
the mRNA levels of COX-2 and iNOS
were significantly reduced by 55.6% and
66.5 %, respectively, with C75 treatment
(Figures 7A, B). In the Western blot anal-
ysis, COX-2 and iNOS expression were
also significantly reduced by 42.0% and
60.7%, respectively, with C75 treatment
(Figures 7C, D).

DISCUSSION

IBD is a chronic relapsing form of in-
flammatory disease with unknown etiol-
ogy. It occurs at any age, especially in
the young age-groups, leading to a de-
creased quality of life. The patients can
live an ordinary life because of ad-
vanced therapeutic approaches, even
though a major portion of IBD cases are
resistant to such advanced treatments
and require surgery. If left untreated,
IBD patients have a high possibility of
developing colon carcinoma latter on
(31). Steroids, nonsteroids, aminosalicy-
lates, butyrates and anti-TNF drugs have
now been clinically used with significant
therapeutic efficacy to treat IBD (32).
Nevertheless, these therapies for IBD are
usually associated with several side ef-
fects or clinical limitations. Thus, there is
still an unmet medical need for the inno-
vated approaches for treating IBD pa-
tients. In this study, we demonstrate the
therapeutic potential of C75, a FASN in-
hibitor, against a murine model of DSS-
induced colitis in terms of attenuating
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tis. The mRNA levels of COX-2 (A) and iNOS (B) in colons from sham, vehicle and C75-
freated groups at d 8. Western blot analysis of COX-2 (C) and iNOS (D) expression in

colons. Expression in the sham group is designated as 1

for comparison. Data are ex-

pressed as mean + SEM (n = 5 per group). *P < 0.05 versus sham; #P < 0.05 versus vehicle.

clinical symptoms; improving macro-
scopic appearance and microscopic
structure of colons of colitis; lowering
the production of chemokines, proin-
flammatory cytokines and mediators;
and inhibiting neutrophil infiltration
and cellular apoptosis.

The abnormalities in FA metabolism
have been reported in IBD, which can be
considered as one of the etiologies for the
development of this disease (33). We have
demonstrated that FASN expression ex-
tends from the top of the crypt in the
sham mice to the entire mucosa in the co-
litis mice, detected by immunohistochem-
istry. Intensity of the FASN expression
was also seen to be increased in colitis
mice when compared with sham. This
observation agrees with other studies
showing high FASN expression in pa-
tients with UC and colorectal neoplasia
(14,34). However, by using gene expres-
sion prolife analysis, a decrease of FASN
expression has been reported in ileum
and colon of UC patients (35). A recent

study also indicates that FASN plays an
important role in maintaining the intes-
tinal barrier function, and loss of FASN in
mouse intestine can initiate intestinal in-
flammation (36). Therefore, a balance of
controlling FASN expression is crucial for
preventing the development of colitis.

Although colon damage is mainly
caused by necrosis in the DSS-induced
colitis, the elevated apoptosis was also
observed in both the mouse DSS model
and patients with UC (37-39). The apo-
ptosis of epithelial cells results in loss of
intestinal epithelial barrier integrity and
exaggerated mucosal inflammatory re-
sponse in IBD (40). In this study, we de-
tected an increased activation of caspase-
3 in the inflamed colon, whereas its
activation is attenuated by C75. This re-
sult suggests that reduction of apoptosis
by C75 may contribute to the improve-
ment of the colitis. The detail pathways
and mechanisms meditated by C75 to
regulate apoptosis in colitis need further
investigation.
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Along the lines of the attenuation of
severity of colitis mice in several clinical
measurements, C75 treatment also effec-
tively lowers immune cells in respond-
ing to the inflammation in the inflamed
colon. Macrophages are the major source
of MIP-2 and KC, which play a major
role in neutrophil migration to sites of
inflammation (41). We have demon-
strated a significant reduction of MIP-2
and KC expression as well as MPO ac-
tivity, an indicator of neutrophil infiltra-
tion, in the inflamed colon after C75
treatment. The main function of neu-
trophils recruited to the inflamed organs
is to contain and eradicate invading
pathogens (42). These recruited, acti-
vated neutrophils can release proteolytic
enzymes and reactive oxygen species,
not only for killing invading pathogens,
but their excessive production can dis-
rupt the endothelial barrier and cause
extravascular tissue damage (43,44). In-
deed, we have observed an increase in
apoptosis, determined by activation of
caspase-3, in the inflamed colon. In con-
gruence with its effect on MPO activity,
C75 also inhibits the activation of cas-
pase-3 in the inflamed colon. The ther-
apy designed to attenuate neutrophil in-
filtration has been an attractive strategy
to treat colitis (45).

In addition to producing chemokines,
macrophages are mainly responsible for
the production of proinflammatory cy-
tokines (46). Again, we have demon-
strated that C75 effectively decreases the
expression of TNF-o, IL-6 and IL-1p in
the inflamed colon at their mRNA as
well as protein levels. Furthermore, it is
well known that NF-«B is the major
transcriptional factor for controlling the
expression of chemokines and cytokines
(27). We have demonstrated that admin-
istration of C75 prevents the degrada-
tion of IkB, which leads to activation of
NF-kB, in the inflamed colon. A recent
study reveals that the effects of FA as in-
flammatory players are generated
through the TLR-mediated pathways
(12). Future study will determine
whether C75 treatment affects the FA
profile in the inflamed colon, leading to
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disruption of the TLR/NF-kB signaling
pathway.

We have further examined other path-
ways that contribute to the development
of colitis. Elevation of MDA levels in the
inflamed colon are significantly sup-
pressed by C75 treatment. MDA low-
molecular-weight end products are
formed via the degradation of lipids, es-
pecially polyunsaturated FA and arachi-
donic acid (47). Overexpression of FASN

in the inflamed colon, as indicated in this

study, can produce high amounts of
long-chain FAs for being further de-
graded as MDA. Inhibition of FASN by
C75 can limit the resources necessary for
generating MDA. In addition to MDA,
ROS is another contributing factor for
MDA production. ROS can be produced

by the activation of several inflammatory

enzymes such as nicotinamide adenine
dinucleotide phosphate oxidase, COX,
iNOS, myeloperoxidas and lipoxygenase

(48). We have demonstrated that C75 can

inhibit mRNA and protein expression of
COX-2 and iNOS elevated in the in-
flamed colon. Of note, COX-2 and iNOS
are the main enzymes used to produce
prostaglandins from arachidonic acid

and nitric oxide, two other prominent in-

flammatory mediators (49).

CONCLUSION

C75 treatment downregulates the ex-
pression of inflammatory mediators, in-
cluding chemokines, cytokines, ROS,
COX-2 and iNOS, leading to the reduc-
tion of colon tissue damage and im-
provement of clinical symptoms in DSS-
induced experimental colitis. Although
C75 has a limitation for the clinical use
because of its side effects (50), our study

shows for the first time antiinflammatory

activity of C75. Therefore, targeting
FASN may provide a therapeutic poten-
tial for treating patients with IBD.
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