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ABSTRACT: In this study, novel peptides (NIPP-1, NIPP-2) derived from Navicula incerta (microalgae) protein hydrolysate
were explored for their inhibitory effects on collagen release in hepatic fibrosis with the investigation of its underlying
mechanism of action. TGF-B1 activated fibrosis in LX-2 cells was examined in the presence or absence of purified pep-
tides NIPP-1 and NIPP-2. Besides the mechanisms of liver cell injury, protective effects of NIPP-1 and NIPP-2 were stud-
ied to show the protective mechanism against TGF-B1 stimulated fibrogenesis. Our results showed that the core protein
of NIPP-1 peptide prevented fibril formation of type I collagen, elevated the MMP level and inhibited TIMP production in
a dose-dependent manner. The treatment of NIPP-1 and NIPP-2 on TGF-B1 induced LX-2 cells alleviated hepatic fibrosis.
Moreover, a-SMA, TIMPs, collagen and PDGF in the NIPP-1 treated groups were significantly decreased. Therefore, it

could be suggested that NIPP-1 has potential to be used in anti-fibrosis treatment.
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INTRODUCTION

Hepatic fibrosis is a common response to various chron-
ic hepatic injuries, characterized by the deposition of ex-
tracellular matrix (ECM). The key event in hepatic fibro-
genesis is the activation of hepatic stellate cells (HSC)
due to altered circumstances (1). Furthermore, hepatic
fibrosis is a reversible wound healing response to chron-
ic liver injury due to a variety of insults, including viral
hepatitis (especially hepatitis B and C), alcohol abuse,
drugs, metabolic diseases, autoimmune attack of hep-
atocytes and congenital abnormalities (2,3). The accu-
mulation of ECM in HSC is caused by an increased syn-
thesis of ECM by activated fibroblasts. Although the me-
chanisms for the pathological activation of fibroblasts in
HSC are not completely understood, much evidence sug-
gests that transforming growth factor (TGF) B and plate-
let-derived growth factor (PDGF) play important roles
for activation of fibroblasts (1). However, accumulation
of ECM results from both increased synthesis and de-
creased degradation. The factors responsible for ECM re-

modeling have been identified as a family of zinc-depend-
ent enzyme matrix metalloproteinase (MMPs), their in-
hibitors, tissue inhibitor of metalloproteinases (TIMPs)
and several converting enzymes. In human liver diseases,
down-regulation of MMP-1 and up-regulation of MMP-2
and MMP-9 were observed (4), allowing degradation of
normal matrix in the subendothelial space and its sub-
stitude by fibrillar collagens. The activated MMPs are
regulated in part by TIMPs (TIMP-1 and TIMP-2) (5).
Accumulating evidence suggests that hepatic fibrosis is
reversible and therefore recovery from cirrhosis may be
possible. Increased collagenolytic activity is a major
mechanism of fibrosis resolution.

LX-2 cells are a low-passaged human hepatic stellate
cell line derived from normal human stellate cells that
are spontaneously immortalized (4). LX-2 cells were se-
lected by their ability to grow under low serum con-
ditions. The cells exhibit the typical features of HSCs in
primary culture, expressing desmin and glial acidic fi-
brillary protein, and responding to platelet-derived
growth factor BB and TGF-B1.
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Nowadays, microalgae provide numerous commercial
applications. Moreover, microalgae are cultivated as a
source of highly valuable molecules. Many studies have
shown the interest of marine microalgae protein hydro-
lysates as functional foods and flavour enhancers. Re-
cently, among marine organisms, microalgae was stud-
ied as a potent source of food additive, nutraceutical and
pharmaceuticals. According to criteria of nutritional
quality and cost, many marine organism sources have
been investigated for the production of protein hydro-
lysates in functional foods (6). However, despite a varie-
ty of biological functions of microalgae, effective applica-
tion of microalgae is still limited because of their in-
efficient cultivation and high production cost.

In the present study, TGF-B1 activated fibrosis in LX-2
cells was examined in the presence or absence of puri-
fied peptides from microalgae, Navicula incerta. Besides
the mechanisms of liver cell injury, purified peptides
were studied to show their protective mechanism against
TGF-B1 stimulated fibrogenesis.

MATERIALS AND METHODS

Materials

The nuclear inhibitor of protein phosphatase (NIPP)-1
and NIPP-2 were prepared as described below, dissolved
in distilled water, and stored in aliquots at —20°C. All
chemicals required for purification, including hydrolysate
enzymes, were obtained from Sigma Chemical Co. (St.
Louis, MO, USA) and Novo Nordisk (Bagsvaerd, Den-
mark). The MTT [3-(4,5-dimethyl-2-yl)-2,5-diphenylte-
trazolium bromide] reagent and monobromobimane
were purchased from Molecular Probes (Eugene, OR,
USA). The Griess reagent and TPA (phorbol 12-myristate
13-acetate) were purchased from Sigma Chemical Co.
Human recombinant TGF-B1 was from Biovision (Milpitas,
CA, USA). Goat polyclonal anti-decorin, goat polyclonal
anti-collagen type III antibody and peroxidase-conjugated
anti-goat secondary antibodies were from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA). Mouse mon-
oclonal anti-o-SMA antibody was purchased from Sigma
Chemical Co. Rabbit monoclonal anti-phospho-Smad2
antibody was purchased from Cell Signaling Technology
(Danvers, MA, USA). BCA protein assay Kkit, electro-
phoresis reagents and goat anti-rabbit peroxidase IgG
were purchased from Pierce Biotechnology Inc. (Rockford,
IL, USA).

Primary and secondary antibodies used for Western
blot analysis were purchased from Santa Cruz Biotech-
nology Inc. and Amersham Pharmacia Biosciences
(Piscataway, NJ, USA), respectively. TRIzol reagent, oli-
go (dT) 15 primer, reverse transcriptase and Taqg DNA
polymerase were purchased from Promega (Madison,

WI, USA). SB203580 and SN50 were obtained from Cal-
biochem (San Diego, CA, USA). Dulbecco's modified ea-
gle medium (DMEM), trypsin/EDTA, and fetal bovine
serum (FBS) were purchased from Gibco BRL (Carlsbad,
CA, USA) and Life Technologies (Carlsbad, CA, USA).
All other chemicals and solvents were of analytical grade.

Preparation and identification of NIPP-1, NIPP-2

The benthic diatom, Navicula incerta (strain KMMCC
B-001) used in this study was generously provided by
Korea Marine Microalgae Culture Center. Culture medium
was maintained in standard F/2 (Guillard’s) medium. Cell
wall was broken down by enzyme Tunicase FN and hy-
drolyzed in 50°C for 2 h. In brief, freeze dried Navicula
incerta (100 g) was homogenized and enzymatically hy-
drolyzed with commercial enzymes (alcalase, neutrase,
papain, pepsin, pronase, E trypsin and a-chymotrypsin).
Substrate and enzyme were mixed at enzyme : substrate
ratio of 1:100 (w/w) (7).

Lyophilized hydrolysates were loaded onto HiPrep
16/10 CM FF ion-exchange column (GE Healthcare,
Uppsala, Sweden) equilibrated with 20 mM sodium ace-
tate buffer (pH 4.0), and eluted with a linear gradient of
NaCl (0~2 M) in the same buffer at a flow rate of 62
mL/h using fast protein liquid chromatography (FPLC).
The UV absorbance at 280 nm was monitored in each 4
mL fractions, then pooled and lyophilized immediately.
The lyophilized fractions were further purified on a
Primesphere 10 Cig (20x250 mm) column permeation
reversed-phase high-performance liquid chromatography
(RPHPLC) with a linear gradient of acetonitrile (0~35%
in 30 min) containing 0.1% trifluoroacetic acid (TFA) at
a flow rate of 1.0 mL/min. Then the accurate molecular
masses and amino acid sequences of purified peptides
were ascertained by quadrupole time-of-flight (Q-Tof)
mass spectroscopy (Micromass, Altrincham, UK) cou-
pled to an electrospray ionization (ESI) source (8).

Culture of hepatic stellate cells LX-2 and transforming
growth factor-beta1 (TGF- B1) treatment

LX-2, an immortalized human HSC line, was provided
by Dr. S. L. Friedman, Mount Sinai School of Medicine,
NY. Details for the generation of LX-2 have been de-
scribed previously. Cells were cultured and maintained
in DMEM supplemented with 100 U/mL penicillin, 100
mg/mL streptomycin, and 10% FBS and maintained at
37°C under a humidified atmosphere with 5% CO,. The
medium was changed 48 h after plating. Sequentially,
the medium containing adenoviruses was removed and
replaced with 0.8 mL/well (12-well dish) or 2.5 mL/dish
(60-mm dish) of serum-free DMEM with human re-
combinant TGF-B1 (final concentration 2 ng/mL). The
cultures of 12-well and 60-mm dishes were incubated
for 24 or 48 h, respectively. Recombinant human TGF-31
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concentration to be used in experiments was determined
by PCR assay by treating cells with different known
concentrations.

Cell proliferation and cytotoxicity

MTT assay was used to determine the effect of TGF-$1
on the proliferation of human LX-2 cells. LX-2 cells
were seeded (5x10* cell/well) into 96-well tissue cul-
ture plates containing 100 uL. DMEM with 10% FBS.
After 24 h of incubation (37°C, 5% CQO,), the medium
was carefully removed and 100 pL fresh medium con-
taining TGF-B1 (2 ng/mL) with various concentrations
of NIPP-1 or NIPP-2 peptides added into the wells. After
48 h of incubation, 20 uL of MTT dye solution was add-
ed to each well. After 4 h incubation, 200 pL of solubili-
zation/stop solution was added for dissolving the formazan
crystals and the absorbance was read using GENios®
Multifunction Microplate Reader (Tecan, Switzerland,
UK) at 540 nm. Absorbance values were the mean+SE
of triplicates for each treatment. The cells in only con-
trols and compound controls were included.

For the cytotoxicity determination studies, the colori-
metric [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide] MTT assay was performed. The human
LX-2 cells cultured in DMEM and treated with the dif-
ferent concentrations of purified peptides for 48 h in a
humidified 5% CO, environment at 37°C. Sequentially,
20 pL of MTT dye solution was added to each well. After
4 h incubation, 200 uL of solubilization/stop solution
was added for dissolving the formazan crystals and the
absorbance was read using GENios® Multifunction
Microplate Reader (Tecan) at 540 nm.

Measurement of procollagen type | produced by fibroblasts
Measuring procollagen type I C-peptide is the standard
to detect type I collagen synthesis activity. Therefore,
type I collagen production by fibroblasts was assessed by
measuring the procollagen type I C-peptide concentration
by enzyme-linked immunosorbent assay (ELISA) using a
procollagen type I C-peptide kit (Takara Shuzo Co., Itd,
Kyoto, Japan) as described. In brief, fibroblasts were
seeded into 96-well tissue culture plates at a density of
4x10* cells/well and cultured at 37°C in a 5% CO; hu-
midified incubator in DMEM containing 10% heat-in-
activated fetal calf serum (FCS) until confluent. The me-
dium was then replaced with FCS-free DMEM, and after
24 h of serum deprivation, tryptase was added as de-
scribed in manufacturer’s instructions. As controls, hep-
arin at concentrations from 0.01 to 10 mg/mL or se-
rum-free medium was used in the collagen synthesis
assay. After culturing for 24 h at 37°C in the incubator,
procollagen type I C-peptide concentrations in the cul-
ture supernatants of the fibroblasts were measured.

Sircol collagen assay

Cells were seeded into 6-well plates at a density 5x10*
cells/well and cultured for 2 days. Total collagen content
was determined by assaying total soluble collagen with a
Sircol Collagen Assay Kit (Biocolor, County Antrim,
UK) according to the manufacturer's instructions. Each
sample was incubated for 24 h at 4°C with stirring. After
centrifugation, 100 mL of each supernatant was assayed.
One mL of Sircol dye reagent that binds to collagen was
added to each sample and the solutions were mixed for
30 min. After centrifugation, the pellet was suspended
in 1 mL of the alkali reagent included in the kit and read
at 540 nm with a spectrophotometer. Collagen standard
solution was utilized to construct a standard curve.

Indirect immunofluorescence staining of cultured cells
Following 2 days of culture, the media was removed
from cultured HSC. For immunofluorescence staining,
cells were fixed in 3% formaldehyde (Sigma Chemical
Co.) in PBS for 10 minutes at room temperature followed
by three washes with PBS, and then permeabilized with
0.3% Triton X-100 in PBS for 10 minutes. Subsequently,
cells were stained with anti-actin, and anti-o-smooth
muscle actin (anti-a-SMA) (IgG1, Sigma Chemical Co.)
primary antibodies diluted in PBS-Tween 0.1% for 1 hour
at room temperature. Samples were then incubated with
FITC-conjugated anti-goat antibodies (IgG2a specific;
Invitrogen, Carlsbad, CA, USA) for 1 h at room tem-
perature. After washing in PBS, images were observed
with a fluorescence microscope (CTR 6000, Leica,
Wetzlar, Germany) at 200X magnification.

Western blot analysis

Whole cell protein extraction and Western blotting were
performed as previously described (8). Briefly, cells were
lysed with RIPA lysis buffer. Equal amounts of protein
were separated on 10% sodium dodecyl sulfate (SDS)-
polyacrylamide gels, and transferred onto nitrocellulose
membranes. After incubation with the appropriate pri-
mary antibody, the membranes were incubated for 1 h at
room temperature with a secondary antibody conjugated
to horseradish peroxidase. Following three washes in
tris-buffered saline-Tween (TBST), immunoreactive bands
were visualized using ECL detection system (Amersham
Pharmacia Biosciences), according to the manufacturer’s
instructions. Western blots were visualized using an
LAS30001 Luminescent image analyzer and protein ex-
pression was quantified by MULTI GAUGE V3.0 soft-
ware (Fujifilm Life Science, Tokyo, Japan).

Reverse transcription-polymerase chain reaction (RT-PCR)
analysis

RNA isolation and RT-PCR analysis were performed ac-
cording to standard procedures. Total RNA was extracted
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from LX-2 cells after treatment with NIPP-1 and NIPP-2.
For the extraction, the cells were lysed with Trizoll and
centrifuged at 12,000 rpm for 15 min at 25°C following
the addition of chloroform. Isopropanol was added to
the supernatant at a 1:1 ratio and the RNA pellet was
obtained by centrifugation. After washing with ethanol,
extracted RNA was solubilized in diethyl pyrocar-
bonate-treated RNAse-free water and quantified by mea-
suring the absorbance at 260 nm using the GENios®
multifunction microplate reader (Tecan). Equal amounts
of RNA (1 pg) were reverse transcribed in a mastermix
containing 1x reverse transcriptase (RT) buffer, 1 mM
dNTPs, 500 ng of oligo (dT) 15 primers, 140 U of mur-
ine Moloney leukaemia virus (MMLV) reverse tran-
scriptase and 40 U of RNase inhibitor, for 45 min at
42°C. PCR was carried out in an automatic Whatman
thermocycler (Biometra, Gottingen, Germany) to amplify
TIMPs, MMPs, a-SMA, type 1 collagen, TGF-f1 and
PDGF. Primer sequences used to amplify the desired
cDNA were as follows:

TIMP-1 forward and reverse primers: 5-TGACATC-
CGGTTCGTCTACA-3' and 5-TGATGTGCAAGAGT-
CCATCC-3'; TIMP-2 forward and reverse primers:
5'-AAGCGGTCAGTGAGAAGGAA-3' and 5'-GGGGGC-
CGTGTAGATAAACT-3"; MMP-2 forward and reverse
primers: 5-CCCCAAGCTCATCGCAGAT-3' and 5'-
GGTCCACGACGGCATCC-3'; MMP-9 forward and re-
verse primers: 5-CACTGTCCACCCCTCAGAGC-3' and
5'-CACTTGTCGGCGATAAGG-3'; Type 1 collagen for-
ward and reverse primers: 5-CAGTCGCTTCACCT-
ACAGCA-3' and 5-GGTGGAGGGAGTTTACACGA-3}
o-SMA forward and reverse primers: 5-AGGCACCCCT-
GAACCCCAA-3' and 5'-CAGCACCGCCTGGATAGCC-3}
TGF-B1 forward and reverse primers: 5'-CGACTGC-
CAAATGAAGAGGACC-3' and 5-AAACCTGAGCCAG-
AACCTGACG-3'; PDGF forward and reverse primers:
5'-CCAGAAGCCATCAGCAGCAAG-3' and 5-AGGCC-
CTGAGAGATCTGTGG-3"; and GAPDH forward and re-
verse primers: 5-TGAAGGTCGGTGTGAACGGATTT-
GGC-3' and 5'-CATGTAGGCCATGAGGTCCACCAC-3.
The reactions were performed with primers under the
same conditions described above. The amplification cy-
cles were 95°C for 30 s, 55°C for 1 min, and 72°C for 45
s. After 35 cycles, the PCR products were separated by
electrophoresis on a 1.5% agarose gel for 45 min at 100
V. Gels were then stained with 1 mg/mL ethidium bro-
mide visualized by UV light using AlphaEase® gel image
analysis software (Alpha Innotech, San Leandro, CA, USA).

Statistical analysis

Each value was expressed as means*+SEM (n=3). The
statistical significance of differences was analyzed by
Student’s t-test using SPSS (Chicago, IL, USA).

RESULTS

Chemical analysis of NIPP- 1 and NIPP-2

The NIPP-1 and NIPP-2 were purified from the hydro-
lysate of microalgae, Navicula incerta using chromato-
graphic methods, combining fast protein liquid chroma-
tography (FPLC) on a HiPrep 16/10 CM FF ion-exchange
column and repeated reversed-phase high-performance
liquid chromatography (RPHPLC) on a Primesphere 10
Cis (20x250 mm, Phenomenex Co., Ltd., Torrance,
CA, USA) column (8). The purity of Src homology re-
gion 2 domain-containing phosphatase-1 (SHP-1) was
over 99% according to the assessment of RPHPLC and
N-terminal sequence analysis. The molecular mass of
the N. incerta hydrolysis, which isolated novel peptides
NIPP-1 and NIPP-2, was determined to be 1,909 Da by
Q-TOF mass spectroscopy coupled to an electrospray
ionization (ESI) source. The amino acid sequence of the
purified peptides were analysed as; NIPP-1 (Pro-Gly-
Trp-Asn-Gln-Trp-Phe-Leu) with molecular mass 1,171
Da, and NIPP-2 (Val-Glu-Val-Leu-Pro-Pro-Ala-Glu-Leu)
with molecular mass 1,108 Da (8).

Cell proliferation and cytotoxicity
Effects of TGF-B1 on LX-2 cell proliferation and cell via-
bility were examined by the MTT assay (Fig. 1). TGF-p1
was shown to increase LX-2 cell proliferation. In the ab-
sence of TGF-B1, no significant effect on LX-2 cell pro-
liferation was observed. As shown in Fig. 1A, the effect
of TGF-B1 on LX-2 cell proliferation seemed to be corre-
lated with the dose and the effects seemed to increase
with the time of incubation. The cell proliferation at 1
and 2 ng/mL concentrations of TGF-B1 was also ob-
served at 24 and 48 h. However, TGF-1 at O and 0.5
ng/mL concentrations did not affect proliferation evidently.
Cytotoxicity of NIPP-1 and NIPP-2 were tested at
three concentrations (10, 50 and 100 pM) using the
MTT assay in cultured LX-2 cells. As depicted in Fig. 1B,
neither NIPP-1 nor NIPP-2 showed significant (P<
0.05) cytotoxicity on LX-2 cells at all tested concen-
trations after 48 h of treatment. Non-toxic concen-
trations ranging from 10-100 pM/mL were selected for
both peptides for further analysis.

Measurement of procollagen type | produced by fibroblasts
Soluble collagen assay was carried out to strengthen the
data of the procollagen assay, which showed the inhibit-
ing effect of NIPP-1 and NIPP-2 on the amount of cel-
lular procollagen. Soluble collagen assay was performed
for both supernatant and intracellular amounts of solu-
ble collagen. Data gained from the soluble collagen assay
correlated with the previous results in that both NIPP-1
and NIPP-2 decreased the soluble collagen in both su-
pernatant and cells (Fig. 2). Ethanol addition increased
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elevated to 135 pug/mL and 31 pg/mL found in supernatant
and intracellular, respectively, after ethanol addition.
NIPP-1 treatment lowered the elevated soluble collagen
amount in supernatant to 86 pg/mL while NIPP-2 treat-
ment decreased the supernatant soluble collagen amount
to 96 ng/mL at the concentration of 100 uM. However,
both NIPP-1 and NIPP-2 treatment failed to change in-
tracellular soluble collagen amount. In detail, 100 uM
NIPP-1 and NIPP-2 treatments kept the intracellular col-
lagen amount at 25 ng/mL and 26 pg/mL respectively.
Also, 48 h results showed that both NIPP-1 and NIPP-2
exert their protective effects against procollagen pro-
duction in a time-dependent manner. Comparison of
both 24 and 48 h results proved that NIPP-1 decreased
the procollagen amount significantly than NIPP-2 did in
both dose and time-dependent experiments.

Indirect immunofluorescence and cell imaging
Indirect immunofluorescence was performed to observe
the fibrosis inhibitory effect of NIPP-1 and NIPP-2.
Images taken from the immunofluorescence assay clear-
ly demonstrated the inhibitory activity of NIPP-1 and
NIPP-2 (Fig. 4A). According to density of fluorescent
light emitted from intracellular actin, NIPP-1 was ob-
served to be more active than NIPP-2. Both peptides ex-
erted a clear dose-dependent inhibition. However, at
same concentration levels, NIPP-1 inhibited fibrosis sig-
nificantly more than NIPP-2 and at the concentration of
100 uM, NIPP-1 inhibited the fibrogenesis almost to the
level of 70% of control.

To show the effect of NIPP-1 and NIPP-2 on TGF-B1-
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induced cell fibroblasts visually, images of LX-2 cells
(Fig. 4B) exposed to TGF-B1 and NIPP-1 and -2 were
taken by a phase contrast microscope. Images of cell
shapes tend to show fibroblast-like appearances (more
spindle-like and spread) and high density after TGF-31
initiation. However, images of peptide treated wells
show decrease in spread, shape and density of cells. In
addition, comparison of image data demonstrate similar
anti-fibrosis effects of NIPP-1 and NIPP-2 where NIPP-1
inhibited the fibrogenesis slightly more than NIPP-2.

Effects of NIPP-1 and NIPP-2 on a-SMA, TGF-B1, collagen
and PDGF expressions in LX-2 cells stimulated by TGF-§1
In LX-2 cells, TGF-B1 effects of NIPP-1 and NIPP-2 on
the levels of a-SMA, TGF-B1, collagen and PDGF pro-
tein and mRNA expressions were determined by west-
ern blot analysis and RT-PCR, respectively (Fig. 5).
TGF-B1 is the key mediator in human fibrogenesis. In
HSCs, TGF-B1 favors the transition to myofibroblast-like
cells, stimulates the synthesis of ECM proteins, and in-
hibits their degradation through the TGF-f1 signaling
pathway. Thus, TGF-Bl stimulates cell proliferation
through the PDGF-mediated pathway. Also, growth fac-
tor-stimulated ECM expansion directly increases collagen.
In the western blot analysis, TGF-B1 treatment suffi-
ciently increased a-SMA, TGF-B1, collagen type 1 and
PDGF protein expressions compared to the non-treated
groups. The stimulated a-SMA, TGF-B1 and PDGF pro-
tein expression levels were evidently decreased with
NIPP-1 treatment (10, 50 and 100 pM/mL) for 48 h
(Fig. 5A) while, NIPP-2 treatment did not show any sig-

TGF-B1 (control)
NIPP-1 peptide

Fig. 4. Effect on a~SMA expression in HSCs (LX-2) fibroblasts demonstrated by immunofluorescent cell images (A) and cell invasion
(B). Cells were stained with the following primary antibodies: anti-actin, a—smooth muscle antibody (IgG1, Sigma). After 48 hr incubations,
the cells were photographed under a phase contrast microscope (x20). Blank: non-stimulated, Control and Samples: TGF-B1-stimulated.
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nificant decrease in protein expressions even at higher
concentrations. However, in case of collagen type 1 both
NIPP-1 and NIPP-2 treatment at different concen-
trations from 10 to 100 uM decreased the expression of
type 1 collagen levels in LX-2 cells.

RT-PCR analysis was conducted to find the effects of
NIPP-1 and NIPP-2 peptides on mRNA expression levels
of a-SMA, TGF-B1, collagen and PDGF genes in LX-2
cells stimulated by TGF-B1. The NIPP-1 and NIPP-2
peptide treatments for 48 h inhibited the TGF-f1 stimu-
lated expression of a-SMA, TGF-f1, collagen type 1 and
PDGF mRNA. Collective analysis of this data showed
that both peptides have inhibitory activity against gene
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expressions of these proteins. Similar to western blot
analysis results, NIPP-2 did not show significant activity
even though the concentration was increased up to 100
uM. However, NIPP-1 treatment decreased the gene ex-
pression significantly (Fig. 5B).

Effects on NIPP-1 and NIPP-2 of TIMPs and MMPs
expressions in LX-2 cells stimulated with TGF-31

TIMP-1 is a specific inhibitor of matrix metalloprote-
inases which acts as the key regulator of MMP activity
and ECM degradation. Therefore, TIMPs are key media-
tors for decreasing collagen synthesis through inhibiting
collagenase enzyme activity. Hence, expressions of TIMPs

Fig. 5. Effect of NIPP-1 and NIPP-2
treatment on a-smooth muscle actin
(a-SMA), TGF-B, PDGF, collagen type
1 protein expressions (A) and mRNA
levels (B) in HSCs stimulated with
TGF-B1. LX-2 cells were treated with
NIPP-1 and NIPP-2 in the presence
or absence of 2 ng/mL TGF-B1 for 48 h.

Fig. 6. Effect of NIPP-1 and NIPP-2
treatment on TIMPs and MMPs pro-
tein expressions (A) and mRNA levels
(B) in HSCs stimulated with TGF-B1.
LX-2 cells were treated with NIPP-1
and NIPP-2 in the presence or ab-
sence of 2 ng/mL TGF-B1 for 48 h.
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are directly related to fibrosis inhibition. The expression
of TIMP-1 in LX-2 cells treated with TGF-B1 in the ab-
sence or presence of NIPP-1 and NIPP-2 was similar to
that of TIMP-2. Expression of TIMP-1 mRNA in acti-
vated HSCs was attenuated by NIPP-1 and NIPP-2. Both
NIPP-1 and -2 peptides decreased TIMP-1 and -2 protein
transcriptions and gene expressions in a dose depend-
ent-manner in activated HSCs, which were observed by
western blot and RT-PCR analysis (Fig. 6). For both
peptides, RT-PCR and Western blot analysis demon-
strated similar patterns. However, parallel to previous
results, NIPP-2 activity was not as significant as NIPP-1,
which clearly decreased both protein and gene expressions.

MMPs have important roles in degrading collagen
fibers. Thus, MMP activity is directly related to fibrosis
in HSCs. Alcoholic hepatic fibrosis causes elevated levels
of TIMPs which directly lowers the MMP levels. There-
fore, elevation of MMPs in a fibrosis condition is crucial
for improved alcoholic liver toxicity.

To examine the effect of NIPP-1 and NIPP-2 peptides
on TGF-B1 induced specific MMP-2 and -9 expressions,
LX-2 cells were incubated with various concentrations of
NIPP-1 and NIPP-2 peptides which were previously
stimulated with TGF- B1. Collectively, protein levels of
MMP-2 and -9, demonstrated by western blot analysis,
followed the same pattern with mRNA expression
levels. NIPP-1 efficiently elevated MMP levels at all
concentrations. Different concentrations of NIPP-1 rang-
ing from 10 to 100 uM/mL showed a marked elevation
of MMP-2 mRNA and protein levels in a dose dependent
manner while elevating the MMP-9 levels as well, how-
ever in a slightly decreased manner. NIPP-2 treatment
only increased the protein and mRNA expressions of
MMP-2 and MPP-9, whereby MMP-2 levels were in-
creased more than MMP-9.

DISCUSSION

Hepatic stellate cells (HSCs) have been regarded as a
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key cellular source of ECM in hepatic fibrosis. In the
normal liver, HSCs are in the quiescent state, but upon
injury, HSCs become activated and begin to proliferate
(9). LX-2, a human HSC cell line used in the present
study, retains key features of HSCs and provides a valuable
in vitro model in the study of liver disease. Increased fibro-
genesis is the most direct way in which HSCs contribute
to hepatic fibrosis (10).

TGF-B1 is a potent fibrogenic factor affecting a wide
spectrum of cellular processes including differentiation,
proliferation, apoptosis and migration. Activation of
stellate cells contributes to hepatic fibrosis and TGF-31
is the most potent fibrogenic factor. Several studies have
reported that modulation of oxygen tension was recog-
nized as an important regulator of gene activation of
TGF-B1 in rat brain and liver, and human fibroblast and
hepatoma cells. TGF-B1 takes part in initiation and
maintenance of fibrogenesis in the liver (10,11). In our
experiments, TGF-$1 was used as the stimulator of
HSCs for the formation of an in vitro fibrogenic model.
Under treatment with TGF-f1, HSCs had significant
changes in proliferation, gene and protein expressions.
Therefore, specific inhibition of TGF-B1 seems to be a
promising approach for anti-fibrosis (11,12).

In this study, we have shown that LX-2 cells prolife-
rate under stimulation by TGF-f1, suggesting the possi-
bility of using NIPP-1 and NIPP-2 isolated from micro-
algae, Navicula incerta to prevent and reduce hepatic
fibrosis through directly binding TGF-B1 and partially
blocking its signal transduction. A major group of en-
zymes responsible for ECM degradation is the MMP
family (2). TIMPs, specific inhibitors of MMPs, have
been identified as the important regulators of MMP ac-
tivity and ECM degradation (13). Expression of TIMP-1
and MMP-2 is increased in hepatic fibrosis, which re-
flects the changes of hepatic fibrosis (14,15). In our study,
Western blot and RT-PCR results showed that NIPP-1
significantly inhibited mRNA expression of TIMP-1 and
MMP-2, which were up-regulated under TGF-B1 stim-
ulation, suggesting that NIPP-1 has the ability of modulat-
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ing or attenuating TGF-B1 activity (Fig. 7). Furthermore,
Western blotting results also demonstrated that the in-
creased expression level of type I collagen stimulated by
TGF-B1 was reduced by NIPP-1. In addition, the ex-
pression of a-SMA, the marker of HSC activation, was
remarkably increased by exogenous TGF-$1. NIPP-1 in-
hibited the elevation of a-SMA, indicating further that
NIPP-1 may arrest HSC activation. Our results showed
that the core protein of NIPP-1 peptide prevented fibril
formation of a-SMA, type I collagen, MMPs and TIMPs
in a dose-dependent manner.

Microalgae are able to enhance the nutritional content
of conventional food preparations and hence, positively
affect the health of humans and animals (16) due to
their original chemical composition. The high protein
content of various microalgal species is one of the main
reasons to consider them as an unconventional source of
protein (17). In addition, the amino acid pattern of al-
most all algae compares favorably with that of other
food proteins (18). As the cells are capable of synthesiz-
ing all amino acids, they can provide the essential ones
to humans and animals (19). However, to completely
characterize the protein and determine the amino acid
content of microalgae, information on the nutritive val-
ue of the protein and the degree of availability of amino
acids should be given. Many metabolic studies have con-
firmed the capacities of microalgae as a novel source of
protein: the average quality of most of the algae exam-
ined is equal or even superior to that of other conven-
tional high-quality plant proteins (20).

Therefore, our study suggests NIPP-1 as a highly po-
tent bioactive peptide to be utilized as a food additive,
nutraceutical and pharmaceutical agent.
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