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Abstract : Tissue inhibitor of metalloproteinase-1 (TIMP-1) has been shown to be
increased in liver fibrosis development, however, the direct role of TIMP-1 has not been
defined. To elucidate the role of TIMP-1 in liver fibrogenesis, we developed liver-targeted
TIMP-1 transgenic mice under the control of albumin promoter/enhancer. A model of CCl,
-induced hepatic fibrosis was used to assess the extent of fibrosis develtpment in TIMP-1
transgenic (TIMP-Tg) mice and control hybrid (Cont) mice. Without any treatment,
overexpression of TIMP-1 in the liver did not induce liver fibrosis. After four-week
treatment with CCl,, however, TIMP-Tg-mice revealed a seven-fold increase in liver
fibrosis compared to the Cont-mice by densitometric analysis. The hepatic collagen and
hydroxyproline content and serum fibrosis markers, such as 7S-collagen, P-III-N-P, were
also significantly increased in the TIMP-Tg-mice. Furthermore, immunohistochemical
analysis showed that collagen- I and collagen-1V accumulations were markedly increased
along the sinusoidal lining in the liver of the TIMP-Tg-mice with a pattern similar to that
of @-smooth muscle actin («-SMA) positive cells. Activated hepatic stellate cells (HSC)
from TIMP-Tg-mice displayed markedly increased RNA expression of pro-collagen- |
and collagen-IV in response to exogenous recombinant TIMP-1 (+TIMP-1). These results
suggest that TIMP-1 does not by itself result in liver fibrogeneis, but strongly promotes
liver fibrosis development through HSC stimulation.

(REFE. J. Nara Med. Ass. 50, 354~368, 2000)
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Fig. 1. (A) Schematic representation of the 3.7 Kb albumin enhancer/promoter
driven transgene construct. The construct was released from the expression
vector by restriction digestion with Hga I. The EcoR I and Pvu-I restriction-
sites are shown and denote the extent of the 930 bp fragment used as the
transgene probe. e/p: enhancer/promoter (B) Integration of transgene into
genomic DNA in five separate founders (F0) and transmission to two F1
generation mice. L1-5: founder line number 1-5.
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Fig. 2. Multiple tissue Northern blot analysis of RNA from TIMP-Tg mice derived
from a founder : brain (lane 1), liver (lane 2), stomach (lane 3), kidney (lane
4), small intestine (lane 5), spleen (lane 6), and salivary gland (lane 7).
GAPDH was used as an internal control.
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Fig. 3. (A) : Plasma and liver concentration of TIMP-1 at the ages of 6 and 30 weeks
old in the homozygous TIMP-1 transgenic mice. L: liver, S: serum. (B):
TIMP-1 biological activity in the liver, which corresponds to MMP inhibitory

activity.

TIMP-1 activity was measured by reverse zymography.

Data

represents mean+SD (n=6). * : Statistically significant difference compared

with the control group (p<0.01).

Control hybrid mice.

Tg: TIMP-1 trasngenic mice, Cont:

Table 1. Effect of TIMP-1 overexpression on liver functions in animals treated with CCl,

Total bilirubin Albumin Total bile acid
ALT (U/L AST L
WL AST WU/ 2 (g/dL) (umol/L)
TIMP-Tg?® 260.7+45.7 391.3+37.5 1.4%0.2 3.84+0.4 113.9+25.1
Cont? 247.7£37.1 407.1%£22.4 1.4+0.3 4.1+0.4 128.4+30.7

a. Theresults are expressed as means+SD (n=7) from TIMP-1 transgenic mice (TIMP-Tg) and

control mice (Cont).
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Cont

Fig. 4. Histological features of TIMP-transgenic-mouse (A) and the
control mouse (B) with CCl,-treatment for four weeks. (Azan
-Mallory staining : magnification X 40)



(360) =1

WHEHET, ZX2RDhote. T, MOFFEERES Kk
TH5AF2—2 - L RABCEABBTEYRED T - 1o
(Table D. —7, g lt~—» —TH57S-25 -7

Table 3. Pro-collagen-I and collagen-IV gene
expression in activated hepatic stellate cells

TIMP-Tg? Cont?
rTIMP-1* (=) -+ (CD) +)
Pro-collagen- 1 1.09°  2.96 1.01 1.14
Collagen-1V 0.36 0.93 0.32 0.39

a. Activated hepatic stellate cells isolated from TIMP-1
transgenic mice (TIMP-Tg) and control mice (Cont).

b. rTIMP : 500 ng/ml of recombinant human TIMP-1.

c. Gene expression presented after normalization with the
glyceraldehyde-3-phosphate dehydrogenase internal
control.
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Table 2. Effect of TIMP-1 overexpression on various fibrosis markers in animals treated with CCl,

Liver Serum
Fibrosis area Hydroxyproline Collagen P-III-N-P 7S-collagen Hyarulonic acid
(mm? liver)  (mg/g wet liver) (mg/g wet liver) (ng/mL) (ng/mL) (ng/mL)
TIMP-Tg? 0.2140.03° 278.4+86.3° 378.6+92.2¢ 40.440.03° 183.94:23.5° 181.9+27.5°
Cont? 0.03+0.01 42.4+14.1 299.6+40.1 4.434+0.65 40.6+8.0 33.5%+6.2

a. The results are expressed as means+SD (n=7) from TIMP-1 transgenic (TIMP-Tg) and control (Cont) mice.
b, c. Statistically significant difference as compared with the Cont-mice. (b : p<0.01 and c : p<0.05, respectively)

A

3.5

2.5

MMP-2 (ng/g wet liver)
[\)

Tg  Cont Tg Cont
CCly(-) CCly+)

B

1.2

0.8

0.6

0.4

Relative optical density

0.2

Tg Cont

Fig. 5. (A) : MMP-2 protein expression level in the liver. The MMP-2 levels were
measured by ELISA. (B) : TIMP-1 activity in the liver measured by reverse
zymography. Tg: TIMP-1 trasngenic mice, Cont : Control hybrid mice. CCl,
(=) and (+) : without or with CCl,-treatment.
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Fig. 6. Immunohistochemical analysis of collagen- I, collagen-IV, and «-smoth muscle actin
(a-SMA). The expression of collagen-I, IV, and «-SMA in the TIMP-1 transgenic
mice are shown in (A), (C), (E), respectively. In control mice, collagen- I, IV, and

a-SMA were expressed in (B), (D), and (F), respectively. Original magnifications:
X 40.



(362) ' OXxX ¥ =

i, FEELERICR T, EAMNED LA Fig. 7 MMP HEEREIEE L Ui TIMP-1 0 £ IE

5A). 73 TIMP-Tg =¥ A0 MMP-2 03B L < #d TIMP-Tg <% A CEETH D, HF~v 20 3~

i3, CCL BEDEEJCrbLT, HB~YAXVEME  45%5FL T\iz(Fig. 5B).

R LT, 723 MMP-9 B8 U T, APrge ¢ TIMP-Tg = ¥
TRkt LT, reverse zymography i X - CTHIE L R ERB< Y AOTEILB T, MO EEELT

Fig. 7. Localization of collagen- 1, IV, and «-SMA in CCl,-treated liver. (A : collagen-1,
B: collagen-1V, C: «-SMA). Original magnifications: X200.
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Fig. 8. RNA expression of pro-(a1) collagen- I and («2)-collagen-IV in the activat-
ed hepatic stellate cells (Ac-HSC) from TIMP-1 transgenic and control mice.
T : Ac-HSC from TIMP-1 transgenic mice. C: Ac-HSC from control mice. T
(=) and T (+): in the absence or presence of 500 ng/mL of recombinant
TIMP-1. GAPDH was used as an internal control.
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