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bstract

AIM To observe the inhibition of antisense
oligonucleotides (asON) phosphorthioate to the
tissue inhibitors metalloproteinase-1 (TIMP-1)
gene and protein expression in the liver tissue
of immunologically induced hepatic fibrosis rats.
The possibility of reversing hepatic fibrosis
through gene therapy was observed.
METHODS Human serum albumin (HSA) was
used to attack rats, as hepatic fibrosis model, in
which asONs were used to block the gene and
protein expressing TIMP-1. According to the
analysis of modulator, structure protein, coding
series of TIMP-1 genome, we designed four
different asONs. These asONs were injected into
the hepatic fibrosis models through coccygeal
vein. The results was observed by RT-PCR for
measuring TIMP-1 mRNA expression,
immunohistochemistry and in situ hybridization
for collagen I, III, special staining of collagen
fiber, and electron microscopic examination.
RESULTS Hepatic fibrosis could last within 363
days in our modified model. The expressing
level of TIMP-1 was high during hepatic fibrosis
process. It has been proved by the
immunohistochemical and the electron
microscopic examination that the asON
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phosphorthioate of TIMP-1 could exactly
express in vivo. The effect of colchicine was
demonstrated to inhibit the expressing level of
mRNA and the content of collagen I, III in the
liver of experimental hepatic fibrosis rats.
However, the electron microscopy research and
the pathologic grading of hepatic fibrosis
showed that there was no significant difference
between the treatment group and the model
group (P>0.05).

CONCLUSION The experimental rat model of
hepatic fibrosis is one of the preferable models
to estimate the curative effect of anti-hepatic
fibrosis drugs. The asON phosphorthioate of
TIMP-1 could block the gene and protein
expression of TIMP-1 in the liver of experimental
hepatic fibrosis rats at the mRNA level. It is
possible to reverse hepatic fibrosis, and it is
expected to study a new drug of anti-hepatic
fibrosis on the geneticlevel. Colchicine has very
limited therapeutic effect on hepatic fibrosis,
furthermore, its toxicity and side effects are
obvious.

INTRODUCTION

InChina, theincidence of liver cirrhosisisstill high
for quite a long period in the future!*®. The
pathological basisof hepatic cirrhosisisfibrosig®4,
Many factors inducing liver injury and
inflammation will lead to chronicliver disease, and
hepatic fibrosis is inevitablel’>?!, Researchers
have paid more attention to reversing the hepatic
fibrosis!?:1,

Recently, studies on the role of tissue inhibitors
of metalloproteinase-1 (TIMP-1) and tissue
inhibitors of metalloproteinase-2 (TIMP-2) in the
process of hepatic fibrosis have attracted more
attentions'?33, The main aim of our study isto seek
for an approach of reversing hepatic fibrosis, to
investigate the role of TIMPs in the pathogenesis
of hepatic fibrosis and to observe the fluctuation of
TIMPs in patients with various liver diseases in
order to set up anew laboratory diagnotic index of
hepatic fibrosis. It had been considered asthe target
gene and the antisense oligonucleotides (asON)
phosphorothioate was used to inhibit the gene and
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protein expressing in experimental rat hepatic
fibrosis.

In 1973, Miller et al’®! reported that non-ionic
oligonucleotideanditsderivant could specificaly inhibit
cellular DNA/RNA replication, transcription,
translation. In 1978, Stepherson et al® obtained
favorable anti-virus effect in infected fibroblast by
Rous sarrcoma virus using 13-polyoligonucleotide.
Since then attention has been made to the studies of
theapplication of antisenseoligonucl eotidetechnol ogy
in antineoplastic and antiviral therapy®*1. This
technology has been carried out under clinical trial
stagel®*4%, In present study, we attacked the rats with
HSA inorder to establish experimental immunehepatic
fibrosismodel, and tried to block the geneand protein
expression of TIMP-1 in rats with asON, so as to
investigate the possible mechanism of reversing
hepaticfibross.

MATERIALS AND METHODS
Design and synthesis of antisense oligonucleotide
According to thewhole TIMP-1 cDNA sequencein
rats'*!!, we analysed the sequences of modulator,
structural protein and coding region and then
designed four different antisence oligonucleotide as
follows
DNA Seql 5'-GGCGCCATCGTGGTATCTGC-3

Seg2 5 -GCTCTAGCGTGTCTCTAGGA-3

Seg3 5 -GATAAACAGTGTTCAGGCTTC-3

Segd 5-GTTCAGGCTTCAGCTTTTGC-3

Twenty-polyligodeoxyribonucl eotide phosphorthi-

oate was automatically synthesized by the 391A
PCRMATE EP DNA synthesis machine (ABI
Company, USA). AsON was modified by
phosphorthioate using TETD/acetonitrile method and
purified by high-performancethinlayer chromatography
(purity>99%), which was accomplished by Wang SQ
and Wang XH (Chinese Academy of Military Medica
Sciences).

Animal experiment

Forty healthy adult female Wistar rats, weighing 120
g-150 g (provided by Experimental Animal Center
of FMMU), were employed in the study. Immune
hepatic fibrosis rat model was produced by
immunological attacking with HSA, a method
introduced by Wang et al'*?. Anti-mouse monoclonal
antibody 1gG was bought from Coulter Company
(France).

The animals survived from the experimental
attack were randomly allocated as follows. Model
group: animalswith hepatic fibrosisdid not receive
any interventional factors. Treatment group: animal
models in this group received colchicine (0.28
mg-kg?) treatment, six times a week, lasting 3
months. Experimental group: animalsin thisgroup
received asON phosphorthioate through coccygeal

vein injection (20 ng-g*t), every other day, 15
timesinall. Control group (normal group): animals
in this group wereinjected with same quantity of
N.S. Three months after the beginning of
injection, all animalswerekilled under narcosis,
and their liver sasmpleswere keptin N,, 100 mL-L™*
formalin or glutaraldehyde for designed
investigations.

Detection parameters

Pathologic observation Some hepatic sections
were stained with hematoxylin and eosin, while
other sections for Von Gieson and Masson special
staining.

Transmission eectron microscope Theliver samples
were fixed with glutaraldehyde, and examined with
€l ectron microscope.

Immunohistochemical staining of TIMP-1 The
liver samples were embedded with paraffin, and
serial sections at 4 um thickness were prepared. SP
immunostaining was performed as described by
streptomycinavidin-peroxidaseimmunochemistry kit
(purchased from Maxim Biological Technology
Company). Paraffin was removed from the sections
with xylene and rehydrated with graded ethanol.
After repairing the antigens, nonspecific binding sites
were blocked by a 20 min preincubation with 100
mL-L* normal human serum. The sections were
incubated with monoclonal antibody against TIMP-
1 at 4°C overnight, and then secondary antibody at
37°C for 30-40 min, avidin-peroxidase at 37°C for
20 min, finally added DAB to be colorated. After
several washings, the sections were counterstai ned
with hematoxylin, dehydrated with ethanol, rinsedin
xylene, and the sections mounted with gum for
mi croscopic examination and photography.

Immunohistochemical staining of collagen I, 111
Immunohistochemical kits of collagen I, Il were
purchased from Bo-Shi-De Biological Technology
Limited Company (Wuhan, Chind). The numbers of
antibodies of collagen I, 111 were BA0325, BA0326
respectively. The immunostaining was performed as
described by thekit.

Procollagenasel, |11 in situ hybridization We
used digoxin-labeled probes to detect the mRNA
expression of procollagen I, IlIl. The in situ
hybridization kit was purchased from Bo-Shi-De
Biological Technology Limited Company (Wuhan,
China, No. MK1171). In situ hybidization was
performed according to the manufacturer’s
directions. Briefly, the paraffin embedded serial
sections(thickness 4 um), were dried at 80°C,
paraffin was then removed by xylene and
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rehydrated ingraded ethanol. Thesectionswereacidified
inHCI for 30min, andblockedin300mL -L*3mL, H,O,,
for 10 min before digestion in proteinase K for 30 min,
and then dehydrated with graded ethanol. After
prehybridizationat 37°C-40°C for 2h, thelabeled cDNA
probes were denatured in hybridization buffer at 95°C
for 10min,then-20°C for 10 min, added ontissueswhich
had been prehybridizedat 37°C overnight. Sectionswere
washed with2 x SSC, 1 x SSC, 0.2 x SSC, added Buffer
[, and blocking water at room temperature for 20 min,
and then rabbit anti-digoxin at 37°C for 60 min,
biotinylated goat anti-rabbit at 37°C for 30 min, SABC
at 37°C for 30 min, finally added DAB to be colorated.
After severd washings, the sectionswere counterstained
with hematoxylin, dehydrated with ethanol, rinsed in
xylene, and mounted the sections with gum for
mi croscopi ¢ examination and photography.

I mage pattern analysisand data processing After
gray scale scanning and quantification the statistical
andys swasperformed. Comparison among groupswas
analyzed by t test, and the P valuewas used to judge the
significant difference.

Detection of TIMP-1 by PCR method
The PCR primers of TIMP-1 are listed in Table 1.

Tablel TIMP-1, B-actin primer sections

Primer Nucleic acid sections Position (bp)

Positive 5-TTCGTGGGGACACCAGAAGTC-3'
TIMP-1  strand
Antisence 5'-TATCTGGGACCGCAGGGACTG-3' 482
strand
Positive 5-GGAGAAGATGACCCAGATCA-3'
B-actin  strand
Antisence 5-GATCTTCATGAGGTAGTCAG-3’ 234

strand

RNA extraction The total RNA of liver was
extracted with total RNA isolation system (produced
by Promega Co.).

PCR amplification PCR was performed in 20 pL
reactivevolumecontaining 2 uL cDNA, 2 uL 10x PCR
buffer, 2 uL (2mmol-L™*) 4 x dNTP, 20 mmol -L* primer
(2 uL TIMP-1, 2 L B-actin), and 1U Taq DNA
polymerase. The sampleswere subjected to 30 thermal
cyclesof 2minat 97°C for predenaturation, 30sat 94°C
for denaturing, 30sat 56°C for annealing, 50s at 72°C
forextension,and 7 minat 72°C for find extension after
thelast cycle.

Quantitative analysis of PCR product Ten L
samples of PCR product was subjected to
electrophoresisin 20 g-L* agarose gel with TAE
buffer at 50V for 1h. After colorating with
ethidium bromide and image forming, the

quantitative analysis was performed. TIMP-1/ 3-actin
quotient istheindication of TIMP-1 expression level.

Pathologic grading of hepatic fibrosis
The pathologic grading of hepatic fibrosis used in our
present paper was reported by Wang et al*,

0: Normal liver without hyperplasiaof collagenous
fibers.

I: Slight extension of collagenousfibersfrom porta
areaor centra veins.

I1: Remarkable extension of collagenous fibers,
without connecting each other and encysting the whole
hepaticlobules.

[11: Remarkable extension of collagenousfibers,
connecting each other, and encysting the whole hepatic
lobules.

IV: The hepatic lobulesare encysted and separated
by collagenousfibers. The normal structure of hepatic
lobulesisdestroyed. The pseudolobulesareformed, and
itisdominant by big-square pseudol obuli.

V: The structure of hepatic lobulesis fully
destroyed, and the big square pseudol obules and small
round ones occupy 50% respectively.

V1: Thesmall round hepatic lobuli occupy amost
thewholeliver andthehyperplaticthick collagenousfibers
arevishble.

RESULTS

TIMP-1 immunohistochemical results

Image pattern analysis showed that the positive density
value of the model group was the highest, and the
colchicinetreatment group wasin the second place. There
isno significant difference (P>0.05) between the above-
mentioned two groups, and the density value of the
experimenta groupislow (P<0.001, Table2, Figures1,2).

Table 2 Expression of TIMP-1 related antigen in the liver of
rats

Group n TIMP-1
Normal group 10 59.8+20.3
Experimental group 6 98.7+25.7
Treatment group 6 396.1+58.4
Model group 6 481.1+61.0

The gene expression level of TIMP-1

The gene expression level of the model group wasthe
highest, and the col chicinetreatment group wasthe next.
There was no significant difference (P>0.05) between
the two above mentioned groups. The gene expression
leve of theexperimentd groupwaslow (P<0.001, Teble3).

Table 3 Gene expression of TIMP-1 in the liver of rats

Group n TIMP-1
Normal group 10 0.3+0.1
Experimental group 6 0.6+0.1
Treatment group 6 1.7+0.4
Model group 6 1.9+0.5
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Immunohistochemical study of collagen I, 11l Table 5 mRNA expression of procollagen I, 111 in the liver of
The hepatic content of collagen I, 111 of all the  rats
experimental animalswas remarkably higher than that Group n Procollagen | Procollagen 1l

of the normal control group (P<0.05, P<0.001).

. . - . Normal group 10 245.6+88.7 228.3£57.5
M oreover,In d l a(pal mmtd anl ma S thehq:)al ccontent Experimental group 6 917.9+206.9 1050.9+271.4
of CQ' lagen|, 1 _Of themodel group wasthehighest, but Treatment group 6 896.8+198.1 977.84221.4
that in the experimental group was thelowest (Table4, Model group 6 1217.3%2029  14845+249.1

Figure3).

Pathologic grading of hepatic fibrosis

Table 4 Collagen I, Il in the liver of rats From Table 6, we can see the significant difference of

pathol ogi c grading between the control and other groups
Group n  Collagen|  Collagen il (P<0.05, P<0.001). The pathol ogic grading statuswas
Normal group 10 62417 100+19 better intheexperimental group thanthat inthetreatment
Experimental group 6 165%47 34948 group (Figures4,5). Therewasno significant difference
Treatment group 6 31465 51672 between the treatment group and the model group.
Model group 6 441487 699+102

MRNA expression of procollagen I, Il
There was distinct decrease of procollagen I, 111

Table 6 The pathologic grading of hepatic fibrosis of
experimental animal

Pathologic grading of hepatic fibrosis

Grou n
expression in the liver of rats of the experimental " o LoV
group, it was significantly different compared with Normal group 010 0 0 0 0 0 0
the model group (P<0.05). But there was N0 Experimental group 6 0 2 3 1 0 0 0
statistical difference (Table 5), between the  Treatmentgroup 6 0 0 0 1 2 2 1
experimental group and the treatment group. Model group 6 0 0 0 0 0 3 3
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Figure 1 VG staining of rat liver (pseudolobuli were formed). x100
Figure 2 Masson staining of rat liver. x200
Figure 3 Collagen Il in rat liver (immunohisochemistry). x200

Figure 4 Protein expression of TIMP-1 in rat liver (immunohisochemistry). x200
Figure 5 TIMP-1 protein expression of in rat liver after treated with asON. x200
Figure 6 Activated HSC and lots of collagen fibers around HSC in the rat model of hepatic fibrosis EM 10K.
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Electron microscopic observations

The activated hepatic stellate cell (HSC) and
surrounding collagen fibers in the experimental
group and the treatment group were observed.
Neither deposition of collagen at the portal areain
the experimental group, nor a lot of collagen
deposition at the portal area were found in the
treatment group. Compared with the model group,
there was little change in the treatment group
(Figure6).

DISCUSSION

Nucleic acid complemented with DNA/RNA of
genomeis called antisense nucleic acid, including
antisense DNA, antisense RNA, and ribozyme.
According to the complementary principle,
oligonucleotide can specifically bindto DNA/RNA
of genome, therefore, thereplication, transcription,
translation of definite gene will be specifically
inhibited and blocked. Such oligonucleotideis
called antisense oligonucleotide (asON)“4, AsON
has the advantage of specificity, high potency and
easy to be synthesized artificially. If asON is
properly modified, it is possible to enhance the
penetrating power, stability and bioavailability.
Therefore, the purpose of this study mainly
focused on exploring a possible way of reversing
hepatic fibrosis and try to manufacture anew drug
for anti-hepatic fibrosis through specifically
inhibiting the gene and protein expression of
TIMP-1 by asON phosphorthioate.

In our study, the expression level of TIMP-1in
the injured liver was found, and the expression
appeared early with amajor amplitude, especially in
hepatic fibrosisand cirrhosis. The promoting effect
of TIMP-1inhepaticfibrosisand cirrhosisisstronger
than TIMP-214-% and 38% sequences of TIMP-2
areidentical with TIMP-1, 12 cysteines of TIMP-2
aresituated at the same sites, having similar spatial
structure with TIMP-1, but they are non-
glycosylated. There isno crossimmunity reaction
between TIMP-1 and TIMP-25%%¢ TIMP-1 was
chosen as the target gene. In our study, we found
that the expression of TIMP-1 in the model group
wasfour times higher than that in the normal control
group. However, after asON phosphorthioate was
injected through coccygeal vein, thegeneand protein
expression of TIMP-1 was remarkably lower than
those in the other experimental groups (P<0.001).
This result was demonstrated by the detection of
TIMP-1inliver by theimmunohistochemical method
and PCR. Our study clearly indicate that the asON
phosphorthioate can be expressedinvivo, andisable
to block the gene and protein expression of TIMP-1
in experimental hepatic fibrosisrats so asto enablethe
reversion of hepatic fibrosis.

In healthy human liver, the collagen type , 11l
accountsfor about 80% of thetotal collagen of liver,
whileit rises up to more than 95% in fibrotic livers.
The collagen type | covers about 60%-70% of the
total collagen of fibrotic livers, and type I11 only
20%-30%!°"%%, MM P-1 is the main protease which
can be inhibited by TIMP-1. Collagen I, 11l isthe
main target of MMP-1. MMP-1 has similar capacity
of degrading collagen I, I11. Therefore, collagen I,
[l are regarded as the important parameters to
reflect the metabolism of collagen. Through the
observation of the quantity of the collagen, we can
judgethetherapeutic effect of the anti-fibrotic drugs
of the livert6-63,

It was found that, in a same experimental animal
treated with a same factor, the change of the
hepatic content of collagen I, 111 showed a high
uniformity (r = 0.904, P<0.01). The hepatic content
of collagen I, 111 was lower in the experimental
group (treated with as ON) and the treatment group
with Colchicinethan that in the model group. This
suggests that the therapeutic factors have some
effect in reversing the hepatic fibrosis.
Immunohistological examination revealed that the
content of collagen |, 111 wassignificantly lower in
the experimental group than that in the treatment
group with chlocoichne, whilethe mRNA levels of
procollagen I, Il were similar. Intheliver of all
experimental animals, both the hepatic content of
collagenl, 11 andthemRNA level weresignificantly
higher than the normal control group, which
suggests the intervening factors do not reverse the
hepatic fibrosis to normal within aperiod of time.
This also shows the limitation of the therapeutic
factor at present, which is demonstrated by the
pathologic grading of hepatic fibrosis and the
el ectron microscopic findings.

Histological examination revealed that asON
therapy had better effect on hepatic fibrosis than
colchicine. The asON is efficacious to reverse the
hepatic fibrosis. However, colchicine had extremely
limited effect on the therapy of hepatic fibrosis. The
pathologic grading of hepatic fibrosis showed no
remarkable difference as compared with the model
group, although chlocoichnehad someinhibitory effect
ontherat hepatic content of collagen|, 111 and mRNA
level.

Until now, the study on gene therapy for hepatic
fibrosisand cirrhosisislimited to the animal models,
and not yet applied to human beings*4#4. The target
gene is HGF®! or TGF-BI®. |t has not yet been
reported to make TIMP as the target gene. These
developments are noteworthy, but there are many
works to be done before it can be used in clinical
practicel®”,

To sum up, the animal experiment,
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pathological examination and el ectronmicroscopic
observation have proved that the asON
phosphorthioate directed to TIMP-1 has some anti-
hepatic fibrosis effect in the experimental immune
hepatic fibrosis rat models. This result is quite
heartening, but many studies should be done,
especially the study of internalization of asON in
vivo.
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