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Abstract
AIM: To investigate the expression and role of tissue
inhibitor of matrix metalloproteinases-1 (TIMP-1) during
natural aging in rat liver and to detect the expression of
matrix metalloproteinase-2 (MMP-2) and MMP-9.

METHODS: The rats were divided into 3-mo-old group
(n = 5), 10-mo-old group (n = 5) and 24-mo-old group
(n = 5). Histopathologic changes of liver were observed with
HE and Masson stain. The location and protein expressions
of TIMP-1 were determined by immunohistochemistry and
Western blot; message RNA (mRNA) levels were measured
in livers from rats of various ages by semi-quantitative
reverse transcriptional polymerase chain reaction (RT-
PCR). In addition, the expression of MMP-2 and MMP-9
was assessed by RT-PCR and Western blot.

RESULTS: Histologic examination showed that the aging
liver had excessive fatty degeneration and collagen deposition.
Immunohistochemical staining showed that TIMP-1 related
antigen in livers was located in cytoplasm. The protein
expression of TIMP-1 was significantly higher in the oldest
animals and the mRNA expression was increased significantly
in the 24-mo-old rats (t = 4.61, P = 0.002<0.05, 24-vs
10-mo-old rats; t = 4.31, P = 0.003<0.05, 24- vs 3-mo-old
rats). The expression of MMP-2 and MMP-9 had no change
during aging; the ratios TIMP-1/MMP-2 and TIMP-1/MMP-9
in aging liver were significantly higher than those in
maturation and young livers.

CONCLUSION: TIMP-1 may play an important role in the
process of liver aging.
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INTRODUCTION

Aging affects organs, tissues, and cell types of the same
organism in different ways. Aging is the most complex
phenotype and can affect physiology, impairs function and
increases susceptibility to all major chronic diseases[1]. In liver,
age-related morphologic changes are the variable degrees
of fibrosis and deposition of extracellular matrix (ECM).
There is evidence that the change of ECM is mainly regulated
by MMPs. Hepatic fibrosis is formed because specific TIMPs
inhibit ECM degradation[2-4]. TIMP-1 is a very important
promoting factor in the process of hepatic fibrosis[5]. The
expression of TIMP-1 is also related to the aging of many
organs, but few data are available on the changes of TIMP-1
during liver aging. We conducted this study to determine
whether TIMP-1 was related to liver aging.

MATERIALS AND METHODS

Animals
Wistar rats (both sexes) provided by the Experimental Animal
Center of General Hospital of PLA were studied at the
age of 3, 10 and 24-mo (five animals per age group).

All studies were performed with the approval of  Expe-
rimental Animal Committee in our hospital. The animals
were fed under standard conditions and fasted for 4 h,
then killed using pentobarbital sodium anesthesia. The liver
was removed, immediately frozen in liquid nitrogen and
stored at -80 ℃, except for a portion cut out for histology.

Histopathological examination
Liver samples from each rat were fixed in 40 g/L formaldehyde,
embedded in paraffin, stained with hematoxylin-eosin (HE)
and Masson trichrome collagen stain and then examined
under an optical microscope.

TIMP-1 immunohistochemical staining
The location and expression of TIMP-1 were detected by
immunocytochemical staining with the ABC kit. Serial paraffin
sections of liver samples at 4 m thickness were deparaffinized
in xylene and gradually rehydrated in alcohol. After retrieval
of the antigens, nonspecific binding sites were blocked with
normal serum for 20 min. The sections were incubated with
polyclonal antibody against TIMP-1 (Santa Cruz) at 4 ℃
overnight, then with secondary antibody at 37 ℃ for 30 min,
avidin-peroxidase at 37 ℃ for 20 min. The positive stains



were shown as brown color by peroxidase substrate solution
DAB. The sections were finally counterstained with hemat-
oxylin, dehydrated, and mounted. As a negative control,
PBS was used instead of the primary antibody.

RT-PCR of TIMP-1 and MMP-2, MMP-9
We examined the expression of  TIMP-1 and MMP-2,
MMP-9 in liver from rats of  various ages. Total RNA was
extracted from livers using TRIzol reagent according to the
manufacturer’s instructions, then reversed by transcribing it
into cDNA. Total RNA (5 µg) and random primer (2 µg) in
DEPC water were denatured at 80 ℃ for 5 min, then 5 µL
5× reverse transcriptase buffer, 2 µL 20 mmol/L dNTPs,
1 µL M-MLV reverse transcriptase (200 U) and DEPC
water were added to the total volume of 15 µL. The reaction
was performed at 37 ℃ for 1.5 h and at 100 ℃ for 5 min
to inactivate the reverse transcriptase. PCR was performed
in a 25 µL reaction mixture containing 1 µL reactant, 2.5 U
Taq DNA polymerase and 20 pmol primers, and heated for
5 min at 95 ℃ for pre-denaturation, and then subjected to
35 PCR cycles, each cycle consisting of denaturation at 95 ℃
for 45 s, annealing at 60 ℃ for 45 s and extension at 72 ℃
for 45 s. TIMP-1 and MMP-2, MMP-9 genes were amplified
with specific primers, the gene for -actin was used as an
internal control (Table 1). The amplified products were
electrophoresed on 12 g/L agarose gel containing 0.5 g/L
ethidium bromide and visualized under UV light. The density
and area of each band were analyzed using the Gelworks
system (UVP, USA). The ratios of TIMP-1/-actin, MMP-
2/-actin and MMP-9/-actin were regarded as the
expression levels of TIMP-1 and MMP-2, MMP-9.

Western blot for TIMP-1 and MMP-2, MMP-9
TIMP-1 and MMP-2, MMP-9 protein extracts from rat
livers were subjected to Western blot analysis. Liver samples
were homogenized in ice-cold extraction buffer RIPA and
freshly added protease inhibitors (aprotinin 1 µg/mL,
leupeptin 1 µg/mL, PMSF 10 mmol/L). The homogenates
were centrifuged (4 ℃, 10 min, 1 500 r/min), the supernatant
was decanted and saved on ice. Protein concentrations were
measured using the Bio-Rad method. The proteins were
separated on SDS-polyacrylamide gel and transferred
electrophoretically onto nitrocellulose membrane using a
mini electroblotter (Bio-Rad). The nitrocellulose membrane
was blocked with 100 g/L defatted milk in TBST (20 mmol/L
Tris-HCl buffer, 9 g/L NaCl, 1 mL/L Tween-20) for 1 h at
room temperature, and then incubated overnight at 4 ℃ in
primary antibody to TIMP-1 or MMP-2, MMP-9 (Santa

Cruz). After washing with TBST, the membrane was incubated
for 1 h at room temperature with horseradish-peroxidase
secondary antibody (Santa Cruz). Immunoreactive bands were
visualized with enhanced chemiluminescence (ECL,
Amersham). -actin was used as the internal control.

Statistical analysis
Statistical analysis was performed using the SPSS statistical
software program. Values were expressed as mean±SD. The
significance of the difference was calculated by two-tailed
Student’s t test. P<0.05 was considered statistically significant.

RESULTS

Histopathologic changes of liver
The mature and young livers showed normal lobular
architecture with central veins and radiating hepatic cords
and a normal distribution of  collagen (Figure 1). The aging
liver also showed a normal lobular architecture with central
veins and radiating hepatic cords, but had excessive fatty
degeneration and collagen deposition extending from central
veins or portal tracts (Figure 2).

TIMP-1 expression and localization
Immunohistochemical staining showed that the TIMP-1
antigen in livers was located in cytoplasm but not in nuclei.
Its expression in aging liver was much stronger than that in
mature and young livers (Figure 3).

mRNA expression of TIMP-1, MMP-2 and MMP-9
We examined the mRNA expression of  TIMP-1 and
MMP-2, MMP-9 in liver from rats of various ages with
semi-quantitative RT-PCR (Table 2). The expression of
TIMP-1 mRNA tended to increase in the 24-mo-old rats
(t = 4.61, P = 0.002<0.05, 24- vs 10-mo-old rats; t = 4.31,
P = 0.003<0.05, 24- vs 3-mo-old rats). The expression of
MMP-2 and MMP-9 mRNA remained unchanged throughout
the observation time. The ratios of  TIMP-1/MMP-2 and
TIMP-1/MMP-9 in aging liver were significantly higher
than those in mature and young livers.

Table 2  Expression of TIMP-1 and MMP-2, MMP-9 mRNA in rat liver
(mean±SD)

Age (mo)             TIMP-1/-actin     MMP-2/-actin     MMP-9/-actin

3 0.29±0.08 0.52±0.04 1.48±0.14

10 0.35±0.01 0.59±0.08 1.50±0.09

24 0.89±0.28a 0.66±0.02 1.51±0.05

aP<0.05 vs 3-mo, 10-mo rats.
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Table 1  Primer sequences and sizes of TIMP-1 and MMP-2, MMP-9 in expected PCR products for RT-PCR

Genes Primer sequences      Product size (bp)

TIMP-1 Sense: 5’-GCCCCAACCCACCCACAGA-3’ 405

Antisense: 5’-TTTGCAAGGGATGGCTGAACAG-3’

MMP-2 Sense: 5’-GAGAAAAGCGCAGCGGAGTGACG-3’ 145

Antisense: 5’-TTCCCCCGCAAGCCCAAGTG-3’

MMP-9 Sense: 5’-CCACCGAGCTATCCACTCAT-3’ 159

Antisense: 5’-GTCCGGTTTCAGCATGTTTT-3’

-actin Sense: 5’-GGCATCCTGACCCTGAAGTA-3’ 565

Antisense: 5’-GCCGATAGTGATGACCTGACC-3’



Protein expression of TIMP-1, MMP-2 and MMP-9
Western blot analysis revealed a progressive age-dependent

protein expression of TIMP-1 (Figure 4). TIMP-1 level
increased in 24-mo-old rats compared with the mature and
young livers (P<0.05). In contrast, MMP-2 and MMP-9
remained almost unchanged at all the considered ages.

DISCUSSION
Fibrosis is a hallmark of aging of various organs, including
heart, kidney and liver[6-8]. Fibrosis impairs liver function[9]

and changes in liver function are important because they
may promote susceptibility to adverse drug reactions,
neurotoxicity, atherosclerosis and other important diseases
in older people[10]. Fibrosis is pivotal in the modification
of blood flow leading to portal hypertension[11]. Fibrosis
reflects increased deposition of the physiological
components of ECM. The liver ECM is a passive structural

Figure 1  Normal lobular architecture of mature and young liver (A) and normal distribution of collagen in mature and young liver (B).

Figure 2  Severe fatty degeneration (A) and collagen deposition (B) in aging liver.

Figure 3  Expression of TIMP-1 in mature and young liver (A) and aging liver (B).

Figure 4  Protein expressions of TIMP-1 and MMP-2, MMP-9 in rat livers
(Western blot).
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support since it plays key roles in providing a structural
framework and maintaining the differentiated phenotype
and normal function of  hepatocytes, sinusoidal endothelial
and stellate cells[12,13].

A major group of enzymes responsible for ECM
degradation is the MMP family, including collagenase,
gelatinase, and stromelysin[14,15]. MMPs are a group of zinc-
and calcium-dependent enzymes that regulate cell-matrix
composition by degrading components of the ECM. After
activation, MMPs are secreted into the extracellular medium
except for the membrane type (MT)-MMPs[16]. TIMPs,
specific inhibitors of matrix metalloproteinases, have been
found to be the key regulators of MMP activity and ECM
degradation[17,18]. MMPs and TIMPs play an important role
in various fibrotic diseases[19,20]; expression of TIMP-1 is
increased in hepatic fibrosis and reflects the changes of
liver fibrosis[21-24]. Gelatinase is comprised of gelatinase A
(MMP-2) and gelatinase B (MMP-9) and can degrade main
components of the ECM[25,26]. TIMP-1 is a natural tissue
inhibitor of gelatinases and can inhibit the gelatinolytic
activities of gelatinases[27].

The expression of TIMP-1 is related to aging of many
organs. Increase of total fibrillar collagen content is related
to increased myocardial TIMP-1 levels[28]. Aged human
microvascular endothelial cells increase expression of TIMP-
1[29]. Gagliano provides a comprehensive description of
hepatic collagen expression and metabolism during natural
aging in rats[30]. Interstitial collagen accumulates significantly
in the oldest animals and TIMP-1 seems to be a major
regulating factor.

Immunohistochemical staining showed that TIMP-1
antigen in livers was located in cytoplasm, and its expression
in aging liver was much stronger than that in mature and
young livers. We found that TIMP-1 expression was higher
in the aging liver and the transcription activity of this gene
was upregulated. TIMP-1, TIMP-1/MMP-2, and TIMP-
1/MMP-9 significantly increased while no change was
observed in expression of  MMP-2 and MMP-9, suggesting
that MMP inactivation is increased by TIMP-1 in aging
liver.

These findings suggest that a disturbed TIMP-1/MMP
ratio may reflect the imbalance of extracellular homeostasis.
The data further support that age-dependent liver fibrosclerosis
is related to TIMP-1.

REFERENCES
1 Vijg J, Suh Y. Functional genomics of ageing. Mech Ageing

Dev 2003; 124: 3-8
2 Yoshiji H, Kuriyama S, Miyamoto Y, Thorgeirsson UP, Gomez

DE, Kawata M,Yoshii J, Ikenaka Y, Noguchi R, Tsujinoue H,
Nakatani T, Thorgeirsson SS, Fukui H. Tissue inhibitor of

metalloproteinases-1 promotes liver fibrosis development in
a transgenic mouse model. Hepatology 2000; 32: 1248-1254

3 Murphy FR, Issa R, Zhou X, Ratnarajah S, Nagase H, Arthur
MJ, Benyon C, Iredale JP. Inhibition of apoptosis of activated

hepatic stellate cells by tissue inhibitor of metalloproteinase-
1 is mediated via effects on matrix metalloproteinase inhibition:
implications for reversibility of liver fibrosis. J Biol Chem 2002;
277: 11069-11076

4 Dudas J, Kovalszky I, Gallai M, Nagy JO, Schaff Z, Knittel T,
Mehde M, Neubauer K, Szalay F, Ramadori G. Expression of
decorin, transforming growth factor-beta 1, tissue inhibitor
metalloproteinase 1 and 2, and type IV collagenases in chronic

hepatitis. Am J Clin Pathol 2001; 115: 725-735
5 Flisiak R, Maxwell P, Prokopowicz D, Timms PM, Panasiuk

A. Plasma tissue inhibitor of metalloproteinases-1 and trans-

forming growth factor beta 1-possible non-invasive biomarkers

of hepatic fibrosis in patients with chronic B and C hepatitis.
Hepatogastroenterology 2002; 49: 1369-1372

6 Boluyt MO, Converso K, Hwang HS, Mikkor A, Russell MW.

Echocardiographic assessment of age-associated changes in
systolic and diastolic function of the female F344 rat heart. J

Appl Physiol (1985) 2004; 96: 822-828

7 Chen RQ, Chen XM, Cui SW, Cai GY, Shi SZ, Xie YS, Lu Y, Peng
LX. Significance of imbalance between matrix metalloproteinases

and tissue type inhibitor of metalloproteinases in renal

tubulointerstitial lesions of aging rats. Zhonghua Yixue Zazhi
2004; 84 : 937-942

8 Gagliano N, Arosio B, Santambrogio D, Balestrieri MR,

Padoani G, Tagliabue J, Masson S, Vergani C, Annoni G. Age-
dependent expression of fibrosis-related genes and collagen

deposition in rat kidney cortex. J Gerontol A Biol Sci Med Sci

2000; 55 : B365-B372
9 Issa R, Zhou X, Trim N, Millward-Sadler H, Krane S, Benyon

C, Iredale J. Mutation in collagen-1 that confers resistance to

the action of collagenase results in failure of recovery from

CCl4-induced liver fibrosis, persistence of activated hepatic

stellate cells, and diminished hepatocyte regeneration. FASEB

J 2003; 17 : 47-49

1 0 McLean AJ, Cogger VC, Chong GC, Warren A, Markus AM,

D a h l s t r o m  J E ,  L e  C o u t e u r  D G .  A g e - r e l a t e d

pseudocapillarization of the human liver. J Pathol 2003; 200:

112-117

1 1 Bissell DM. Chronic liver injury, TGF-beta, and cancer. Exp

Mol Med 2001; 33 : 179-190

1 2 Schuppan D, Ruehl M, Somasundaram R, Hahn EG. Matrix

as a modulator of hepatic fibrogenesis. Semin Liver Dis 2001;

21 : 351-372

1 3 Pinkse GG, Voorhoeve MP, Noteborn M, Terpstra OT, Bruijn
JA, De Heer E. Hepatocyte survival depends on beta1-integrin-

mediated attachment of hepatocytes to hepatic extracellular

matrix. Liver Int 2004; 24 : 218-226
1 4 Bodey B, Bodey B, Siegel SE, Kaiser HE. Immunocytochemi-

cal detection of the expression of members of the matrix

metalloproteinase family in adenocarcinomas of the pancreas.
In Vivo 2001; 15 : 71-76

1 5 Soo C, Shaw WW, Zhang X, Longaker MT, Howard EW, Ting

K. Differential expression of matrix metalloproteinases and
their tissue-derived inhibitors in cutaneous wound repair. Plast

Reconstr Surg 2000; 105: 638-647

1 6 Roelle  S, Grosse R, Aigner A, Krell HW, Czubayko F,
Gudermann T. Matrix metalloproteinases 2 and 9 mediate

epidermal growth factor receptor transactivation by gonadot-

ropin-releasing hormone. J Biol Chem 2003; 278: 47307-47318
1 7 Jiang Y, Goldberg ID, Shi YE. Complex roles of tissue in-

hibitors of metalloproteinases in cancer. Oncogene 2002;

21 : 2245-2252
1 8 Mannello F, Gazzanelli G. Tissue inhibitors of metalloproteinases

and programmed cell death: conundrums, controversies and

potential implications. Apoptosis 2001; 6: 479-482

1 9 Okazaki I, Watanabe T, Hozawa S, Arai M, Maruyama K.

Molecular mechanism of the reversibility of hepatic fibrosis:

with special reference to the role of matrix metalloproteinases.

J Gastroenterol Hepatol 2000; 15 Suppl: D26-D32

2 0 Ulrich D, Lichtenegger F, Eblenkamp M, Repper D, Pallua N.

Matrix metalloproteinases, tissue inhibitors of metalloproteinases,

aminoterminal propeptide of procollagen type III, and

hyaluronan in sera and tissue of patients with capsular con-

tracture after augmentation with Trilucent breast implants.

Plast Reconstr Surg 2004; 114: 229-236

2 1 Yata Y, Takahara T, Furui K, Zhang LP, Jin B, Watanabe A.

Spatial distribution of tissue inhibitor of metalloproteinase-1

mRNA in chronic liver disease. J Hepatol 1999; 30: 425-432

2 2 Lichtinghagen R, Michels D, Haberkorn CI, Arndt B, Bahr M,

Flemming P, Manns MP, Boeker KH. Matrix metalloproteinase

Zhang YM et al. TIMP-1 expression during aging in rat liver     3699



(MMP)-2, MMP-7, and tissue inhibitor of metalloproteinase-

1 are closely related to the fibroproliferative process in the

liver during chronic hepatitis C. J Hepatol 2001; 34: 239-247

2 3 Vaillant B, Chiaramonte MG, Cheever AW, Soloway PD,

Wynn TA. Regulation of hepatic fibrosis and extracellular

matrix genes by the th response: new insight into the role of
tissue inhibitors of matrix metalloproteinases. J Immunol 2001;

167: 7017-7026

2 4 Ninomiya T, Yoon S, Nagano H, Kumon Y, Seo Y, Kasuga M,
Yano Y, Nakaji M, Hayashi Y. Significance of serum matrix

metalloproteinases and their inhibitors on the antifibrogenetic

effect of interferon–alfa in chronic hepatitis C patients.
Intervirology 2001; 44: 227-231

2 5 John A, Tuszynski G. The role of matrix metalloproteinases

in tumor angiogenesis and tumor metastasis. Pathol Oncol

Res 2001; 7: 14-23

2 6 Kanoh Y, Akahoshi T, Ohara T, Ohtani N, Mashiko T, Ohtani

S, Egawa S, Baba S. Expression of matrix metalloproteinase-
2 and prostate-specific antigen in localized and metastatic
prostate cancer. Anticancer Res 2002; 22: 1813-1817

2 7 Liu H, Zang C, Fenner MH, Possinger K, Elstner E. PPARgamma
ligands and ATRA inhibit the invasion of human breast can-
cer cells in vitro. Breast Cancer Res Treat 2003; 79: 63-74

2 8 Sivasubramanian N, Coker ML, Kurrelmeyer KM, MacLellan
WR, DeMayo FJ, Spinale FG, Mann DL. Left ventricular remod-
eling in transgenic mice with cardiac restricted overexpression
of tumor necrosis factor. Circulation 2001; 104: 826-831

2 9 Reed MJ, Corsa AC, Kudravi SA, McCormick RS, Arthur
WT. A deficit in collagenase activity contributes to impaired
migration of aged microvascular endothelial cells. J Cell Biochem
2000; 77 : 116-126

3 0 Gagliano N, Arosio B, Grizzi F, Masson S, Tagliabue J,
Dioguardi N, Vergani C, Annoni G. Reduced collagenolytic
activity of matrix metalloproteinases and development of liver

fibrosis in the aging rat. Mech Ageing Dev 2002; 123: 413-425

Science Editor Wang XL and Guo SY  Language Editor Elsevier HK

3700           ISSN 1007-9327     CN 14-1219/ R     World J Gastroenterol     June 28, 2005   Volume 11   Number 24


