Online Submissions: wjg.wjgnet.com
www.wjgnet.com
wjg@wjgnet.com

World ] Gastroenterol 2008 March 7; 14(9): 1353-1357
World Journal of Gastroenterology ISSN 1007-9327
© 2008 WJG. All rights reserved.

BASIC RESEARCH

Expression of tumor necrosis factor-alpha converting enzyme
in liver regeneration after partial hepatectomy

Xian-Ming Lin, Ying-Bin Liu, Fan Zhou, Yu-Lian Wu, Li Chen, He-Qing Fang

Xian-Ming Lin, Ying-Bin Liu, Fan Zhou, Yu-Lian Wu, Li Chen,
He-Qing Fang, Department of Surgery, The Second Affiliated
Hospital, School of Medicine, Zhejiang University, Hangzhou
310009, Zhejiang Province, China

Correspondence to: Ying-Bin Liu, MD, Department of Surgery,
The Second Affiliated Hospital, School of Medicine, Zhejiang
University, Hangzhou 310009, Zhejiang Province,

China. laoniulyb@163.com

Telephone: +86-571-87783573 Fax: +86-571-87022776
Received: July 5, 2007 Revised: December 3, 2007

Abstract

AIM: To study the expression of tumor necrosis factor-
alpha converting enzyme (TACE) and evaluate its
significance in liver regeneration after partial hepatectomy
in vivo.

METHODS: Male SD rats underwent 70% partial hepatec-
tomy. The remaining liver and spleen tissue samples were
collected at indicated time points after hepatectomy.
TACE expression was investigated by Western blotting,
immunohistochemistry, and serial section immunostaining.

RESULTS: Expression of TACE in liver and spleen
tissues after partial hepatectomy was a time-dependent
alteration, reaching a maximal level between 24 and 48 h
and remaining elevated for more than 168 h. TACE
protein was localized to mononuclear cells (MNC), which
infiltrated the liver from the spleen after hepatectomy.
The kinetics of TACE expression was in accordance with
the number of TACE-staining MNCs and synchronized with
those of transforming growth factor-o. (TGFa.). In addition,
TACE-staining MNC partially overlapped with CD3™ T

lymphocytes.

CONCLUSION: TACE may be involved in liver regenera-
tion by pathway mediated with TGFo-EGFR in the cell-
cycle progressive phase /n vivo. TACE production and
effect by paracrine may be a pathway of involvement in
liver regeneration for the activated CD3" T lymphocytes.
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INTRODUCTION

Tumor necrosis factor-alpha converting enzyme (TACE)
is a kind of metalloprotease disintegrins, also known as
ADAM17, which is a modular transmembrane protein with
a zinc-dependent catalytic domain'"!, TACE was originally
cloned and named for its ability to cleave and convert
tumor necrosis factor-o, (INFay) into a soluble form. Since
then, TACE has been demonstrated to solubilize a variety
of substrates including transforming growth factor-a
(TGFa), members of the membrane-bound epidermal
growth factor (EGF) family ligands, both TNFR- I and
TNFR-1, and macrophage/colony-stimulating factor
receptor”’. Liver regeneration after partial hepatectomy is
very intricate. The process requires the activation of more
than 100 genes and involves multiple cytokines and growth
factors such as interleukin- I, hepatocyte growth factor
(HGF), TNFa, TGFa, heparin-binding epidermal growth
factor-like growth factor (HB-EGF) ez, It has been
well documented that TACE mRNA and TACE protein
are enhanced in several human malignant diseases such as
breast cancer, lung cancer, and liver cancer™. In a study of
hepatocyte replication, Gretchen ¢ @/ employed the AML-12
hepatocyte cell line and implicated the participation of
TACE in hepatocyte replication by activating the TGFa-
EGFR pathway!”. Hence, it is speculated that TACE is
involved in cell proliferation and carcinogenesis in addition
to inflammation™"". It was also reported that the activity
of several metalloproteinases increased during liver
regenerationm. Howevert, to date, there has been few studies
on the correlation of TACE with liver regeneration after
partial hepatectomy 7z vivo. To gain further insight into the
involvement of TACE in liver regeneration, we investigated
the expression of TACE in both liver and spleen tissues
with a rodent partial hepatectomy model.

MATERIALS AND METHODS

Animals and study protocol
All animal experiments were performed following the
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institution’s criteria for the care and use of laboratory
animals in Zhejiang University, China. Male SD rats
200-250 g) were fed standard rodent chow and water
ad libitum 1n a temperature-controlled room. Rats were
anesthetized with ether and underwent 70% partial
hepatectomy according to the method of Higgins and
Anderson. At indicated time points after hepatectomy,
laparotomy was performed on the rats, and liver and spleen
tissue samples were collected. A tissue sample was flash-
frozen in liquid nitrogen for Western-blotting analysis, and
the remainder was fixed in 4% formaldehyde and embedded
in paraffin for immunohistochemical analysis. This study
protocol was approved by the Ethics Committee of
Zhejiang University, China.

Immunohistochemical analysis

Four pm-thick paraffin sections of liver and spleen
tissue samples were cut. After deparaffinization, the
endogenous peroxidase activity was blocked by placing the
slides in methanol containing 3% (w/v) H202 for 30 min
at room temperature. Normal goat serum was added
and kept at room temperature for 15 min. The primary
antibodies, rabbit anti-TACE polyclonal antibodies (1:100
dilution; CHEMICON) and mouse monoclonal anti-CD3
antibodies (1:200 dilution; Acris) were applied overnight at
4°C. After the slides were washed in phosphate buffered
saline, the Envision + R system labelled polymer-HRP
(Dako; Cytomation) was added and visualized using the
DAB chromogen (Merck; Germany). Counterstaining of cell
nuclei was accomplished with Mayet's hematoxylin (Sigma).
Finally, sections were counterstained with hematoxylin,
dehydrated, coverslipped, and evaluated microscopically.
Positive-staining cells were counted for each visual field at
400 X magnification.

Western blot analysis

For total protein extraction, samples of rat liver and spleen
tissues were homogenized in NETN buffer supplemented
with protease inhibitors and centtifuged at 15000 t/min
for 60 min at 4°C. Homogenates containing 50 ug of
protein were loaded. The proteins were size-separated by
electrophoresis on 7.5% polyacrylamide gels (Bio-Rad),
and then transferred onto PVDF membranes (Bio-Rad).
After blocking, membranes were incubated with a rabbit
polyclonal antibody against rat TACE (1:1000 dilution;
CHEMICON), and then with an alkaline phosphatase-
conjugated anti-rabbit antibody (1:5000 dilution; Amersham).
Immunoreactive proteins were detected with a fluorescence
scanner (Storm, Pharmacia) using ECF substrate according
to the manufacturer’s instructions (Amersham). In control
experiments, the membrane was incubated with a mouse
monoclonal anti-B-actin antibody (1:1000 dilution; Sigma)
and with an alkaline phosphatase-conjugated anti-mouse
antibody (1:5000 dilution; Amersham).

RESULTS

TACE expression localization and pattern in liver and
spleen following partial hepatectomy

To investigate TACE protein localization and pattern, we
examined liver tissue paraffin sections by immunohisto-
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Figure 1 Rat liver stained using anti-TACE antibodies at various time points after
hepatectomy. None of the parenchymal cells was stained at any of the time points.
MNC accumulated markedly at periportal sites from 24 to 48 h after hepatectomy
while intense TACE staining was seen. MNC declined and distributed to the
intermediate regions after 72 h (x 400).

chemistry. Mononuclear cells (MNC) stained positively,
but hepatocytes, biliary epithelia cells, and endothelial cells
did not. There were few MNC in portal trials, and TACE
staining could be hardly detected prior to hepatectomy;
however, after hepatectomy, the TACE-staining MNC
was observed to infiltrate to periportal sites. Marked
accumulation of MNC was found at periportal sites from 24
to 48 h, while intense TACE-staining MNC was visible. The
TACE-staining MNC became less abundant and distributed
to the intermediate regions after 72 h (Figure 1). Because
many TACE-staining MNCs were detected in the portal vein
and it was speculated that the MINC mainly came from the
spleen through portal vein current (Figure 2), we performed
further immunohistochemical studies on spleen tissues. The
kinetic feature of TACE-staining in spleen is analogous to
that in liver, while the TACE-staining MNC reached the
marginal zone and splenic sinus (Figure 3). The quantities
of TACE-staining MNC at various time points in liver and
spleen of 7 rats in each group were counted randomly under
microscopy (Figure 4).

TACE expression level in liver and spleen following partial
hepatectomy
The TACE expression levels in liver and spleen tissues at
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Figure 2 The TACE stained MNC in portal vein current 6 h after hepatectomy. The
MNC infiltrated to periportal sites through portal triad vein endothelial cells (x 400).

Figure 3 Immunostaining of TACE in rat spleen tissue at various time points. The
TACE-stained MNC increased, reaching a peak at similar time points with liver.
The positively stained MNC distributed at the marginal zone and splenic sinus.
Numbers indicate the time points after hepatectomy (x 400).

various time points were evaluated by Western blotting.
Because the antibody was directed against the cytoplasmic
domain of the protein, both the precursor (pro-TACE)
and the mature forms were detected. As shown in Figure 5,
TACE expression in the liver and spleen after hepatectomy
is a time-dependent alteration, reaching a maximal level
between 24 h and 48 h. The TACE level declined from 72 h,
but remained elevated for more than 168 h as compared
with the pre-hepatectomy level in liver tissues.

Correlation of TACE-staining MNC with T lymphocytes
To identify the stained MNC, we immunostained serial
paraffin sections of liver tissues at 48 h after hepatectomy
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Figure 4 TACE-positive MNC in liver and spleen at various time points after
hepatectomy. Data are mean + SD, n = 7 animals in each group.
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Figure 5 TACE protein level in rat liver and spleen following partial hepatectomy.
Rat liver and spleen tissue samples taken at various time points were processed
and subjected to Western blot analysis using anti-TACE antibodies. The hela cells
were lysed and the proteins were loaded as a positive control. Expression of TACE
in liver and spleen after hepatectomy is a time-dependent alteration, reaching a
maximal level between 24 and 48 h.

using an anti-CD3 antibody. This experiment was done
in light of the report that during liver regeneration,
extrathymic CD3" T cells in liver are significantly activated
in terms of increases in both proportion and absolute
number. The feature demonstrated that the CD3" T
lymphocytes partially overlapped TACE staining MNC

(Figure 6).

DISCUSSION

Hepatocyte replication comprises two phases: priming
and cell-cycle progression'”. TNFq, and interleukin-6
are the main cytokines triggering hepatocyte progression
from GO to G1. HB-EGF and TGFa play an important
role in cell-cycle progression. Both TGFa and HB-EGF
are ligands of the EGF family and are primary mitogens
for hepatocyte proliferation in culture!™'". Tt is believed
that the functions of TGFa and HB-EGF at least
partially overlap during liver regeneration''". Enhanced
expression of TGFo mRNA in hepatocytes peaks in 24 h
and remains elevated for at least 48 h after hepatectomy' .
TGFa, anchored to the cell membrane in precursor form is
cleaved by TACE and then binds to EGFR, which activates
a phosphorylation cascade leading to DNA replication.
The mitogenic cascade involves ERK1/2 and PKB. TNFq,
enlarges TACE activation by shedding the precursor of
TGFo"". TGFq is produced by hepatocytes and functions
through an autocrine mechanism. TGFa and EGF play a
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TACE CD3 Figure 6 The serial paraffin sections of
48 h liver tissue at 48 h after hepatectomy

major role in the progressive phases of liver regeneration
after hepatectomy !

TACE is mediated by furin and related proprotein
convertases. TACE was originally cloned and named for
its ability to cleave and convert TNFoq into a soluble form.
Cells such as macrophages, lymphocytes, and monocytes,
which all produce abundant TNFaq, are believed to express
TACE enzyme™. TACE is found to be involved in
carcinogenesis by TGFa, and the HB-EGF-EGFER pathway.
Distinct ADAM metalloproteinases regulate G protein-
coupled receptor-induced cell proliferation and survival >,
The TACE inhibitor TAPI-1 interferes with TGFq release
into the culture medium and subsequent EGFR signalling
through ERK1/2 and PKB, thereby blocking DNA
replication[25]. These data substantiate the idea that TACE
plays a significant role and forms a link between cytokine
and growth factor pathways in cell proliferation.

In the present study, we examined the kinetic level
of TACE expression and localization following partial
hepatectomy 7n vive. It demonstrated that the kinetics
of TACE were relatively well synchronized with those
of TGFa and hepatocyte proliferation[3’15’26]. After
hepatectomy in rats, the first peak of DNA synthesis in
hepatocytes occurs at about 24 h, with a smaller peak
between 36 h and 48 h. The other cells of the liver enter
into DNA synthesis at 48 h or later?. Although TACE
is essential for cleaving TNFo and over-expression of
TACE promotes inflammation by producing excessive
soluble TNF, our study shows that the kinetics of TACE
expression are not compatible with those of TNFq in
liver regeneration. TNFo increases abruptly and reaches
a peak in the priming phase!">””| but TACE rises to a
peak from 24 h to 48 h post-hepatectomy. Such scenarios
may suggest that TACE is involved in liver regeneration
by pathways including TGFa-EGEFR in the cell-cycle
progressive phase, but not by the TNFo pathway. It was
also reported that during liver regeneration, extrathymic
CD3" T cells in the liver are significantly activated in terms
of both increases in proportion and absolute number. This
activation was observed at an early phase (d 2) of liver
regeneration”™”, 1L-1 and TNFq, which are produced
by activated kupffer cells and sinusoidal endothelial cells,
can induce the activation of T-cell differentiation. The
mechanism of T-cell activation of hepatocyte proliferation
is unequivocalm]. In this research, immunohistochemical
study using serial sections showed TACE-staining
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were stained with HE and immunostained
with anti-TACE antibodies and anti-CD3
antibodies. TACE-positive MNC partially
overlapped with CD3" T lymphocytes
(x 400).

MNC partially overlaps with CD3" T lymphocytes. It is
conceivable that TACE production and effect by paracrine
may be a pathway of involvement in liver regeneration for
activated CD3" T lymphocytes.

COMMENTS

Background

Tumor necrosis factor-alpha converting enzyme (TACE) is a kind of
metalloprotease disintegrins that acts to solubilize a variety of substrates including
tumor necrosis factor-a. (TNFa), transforming growth factor-o (TGFa), epidermal
growth factor (EGF) family and has been considered to involve in carcinogenesis
by TGFa., heparin-binding epidermal growth factor-like growth factor (HB-EGF)
pathway. It was also reported that the activity of several metalloproteinases
increase during liver regeneration.

Research frontiers
Liver regeneration after partial hepatectomy is very intricate. It involves expression
of multiple cytokines and growth factors such as HGF, TNFo TGFo. and HB-EGF.

Innovations and breakthroughs

To date, there has been few studies on the correlation of TACE with liver
regeneration after partial hepatectomy in vivo. To study the expression of TACE
during liver regeneration, we investigated the liver and spleen tissues by a rodent
model with partial hepatectomy. It demonstrated that TACE was produced by
the activated CD3" T lymphocytes and the kinetic expression of TACE was well
synchronized with that of TGFa and hepatocyte proliferation.

Applications
TACE is implicated in liver regeneration by the TGFa pathway that overlaps
partially with carcinogenesis.

Peer review

The authors investigated the expression of TACE during liver regeneration in rats
after 70% partial hepatectomy. They observed a time dependant expression with
a peak between 24 h and 48 h. They located TACE to mononuclear cells. The
authors conclude that TACE expression is synchronized with TNF-alpha and that
TACE is expressed on mononuclear cells.

REFERENCES

1 Black RA, Rauch CT, Kozlosky CJ, Peschon JJ, Slack JL,
Wolfson MF, Castner BJ, Stocking KL, Reddy P, Srinivasan
S, Nelson N, Boiani N, Schooley KA, Gerhart M, Davis R,
Fitzner JN, Johnson RS, Paxton R], March CJ, Cerretti DP. A
metalloproteinase disintegrin that releases tumour-necrosis
factor-alpha from cells. Nature 1997; 385: 729-733

2 Sunnarborg SW, Hinkle CL, Stevenson M, Russell WE, Raska
CS, Peschon JJ, Castner BJ, Gerhart MJ, Paxton RJ, Black RA,
Lee DC. Tumor necrosis factor-alpha converting enzyme
(TACE) regulates epidermal growth factor receptor ligand



Lin XM et a/. TACE expression in liver regeneration after hepatectomy

1357

10

11

12

13

14

15

16

17

18

availability. ] Biol Chem 2002; 277: 12838-12845

Fausto N, Campbell JS, Riehle KJ. Liver regeneration.
Hepatology 2006; 43: S45-S53

Ciecierski R, Wisniewski M, Paczek L. Liver regeneration. Pol
Merkur Lekarski 2005; 18: 473-477

Ding X, Yang LY, Huang GW, Wang W, Lu WQ. ADAM17
mRNA expression and pathological features of hepatocellular
carcinoma. World | Gastroenterol 2004; 10: 2735-2739

Kenny PA. TACE: a new target in epidermal growth factor
receptor dependent tumors. Differentiation 2007; 75: 800-808
Argast GM, Campbell JS, Brooling JT, Fausto N. Epidermal
growth factor receptor transactivation mediates tumor necrosis
factor-induced hepatocyte replication. | Biol Chem 2004; 279:
34530-34536

Gomez MI, Sokol SH, Muir AB, Soong G, Bastien ], Prince
AS. Bacterial induction of TNF-alpha converting enzyme
expression and IL-6 receptor alpha shedding regulates airway
inflammatory signaling. ] Immunol 2005; 175: 1930-1936
McGowan PM, Ryan BM, Hill AD, McDermott E, O'Higgins
N, Duffy MJ. ADAM-17 expression in breast cancer correlates
with variables of tumor progression. Clin Cancer Res 2007; 13:
2335-2343

Hung TH, Chen SF, Hsu JJ, Hsieh CC, Hsueh S, Hsieh
TT. Tumour necrosis factor-alpha converting enzyme in
human gestational tissues from pregnancies complicated by
chorioamnionitis. Placenta 2006; 27: 996-1006

Kim TH, Mars WM, Stolz DB, Michalopoulos GK. Expression
and activation of pro-MMP-2 and pro-MMP-9 during rat liver
regeneration. Hepatology 2000; 31: 75-82

Fausto N, Riehle KJ. Mechanisms of liver regeneration and
their clinical implications. | Hepatobiliary Pancreat Surg 2005;
12:181-189

Michalopoulos GK, Defrances MC. Liver regeneration. Science
1997; 276: 60-66

Gallucci RM, Simeonova PP, Toriumi W, Luster MI. TNF-
alpha regulates transforming growth factor-alpha expression
in regenerating murine liver and isolated hepatocytes. |
Immunol 2000; 164: 872-878

Tomiya T, Ogata I, Fujiwara K. Transforming growth factor
alpha levels in liver and blood correlate better than hepatocyte
growth factor with hepatocyte proliferation during liver
regeneration. Am | Pathol 1998; 153: 955-961

Russell WE, Kaufmann WK, Sitaric S, Luetteke NC, Lee DC.
Liver regeneration and hepatocarcinogenesis in transforming
growth factor-alpha-targeted mice. Mol Carcinog 1996; 15:
183-189

Scotté M, Laquerriére A, Masson S, Hiron M, Téniére P,
Hémet ], Lebreton JP, Daveau M. Transforming growth factor
alpha (TGF-alpha) expression correlates with DNA replication
in regenerating rat liver whatever the hepatectomy extent.
Liver 1997;17: 171-176

Borrell-Pages M, Rojo F, Albanell ], Baselga J, Arribas J. TACE
is required for the activation of the EGFR by TGF-alpha in

19

20

21

22

23

24

25

26

27

28

29

30

tumors. EMBO ] 2003; 22: 1114-1124

Schirmacher P, Odenthal M, Steinberg P, Dienes HP. Growth
factors in liver regeneration and hepatocarcinogenesis. Verh
Dtsch Ges Pathol 1995; 79: 55-60

Webber EM, FitzGerald M], Brown PI, Bartlett MH, Fausto
N. Transforming growth factor-alpha expression during liver
regeneration after partial hepatectomy and toxic injury, and
potential interactions between transforming growth factor-
alpha and hepatocyte growth factor. Hepatology 1993; 18:
1422-1431

Uemura T, Miyazaki M, Hirai R, Matsumoto H, Ota T, Ohashi
R, Shimizu N, Tsuji T, Inoue Y, Namba M. Different expression
of positive and negative regulators of hepatocyte growth in
growing and shrinking hepatic lobes after portal vein branch
ligation in rats. Int ] Mol Med 2000; 5: 173-179

Li Y, Brazzell ], Herrera A, Walcheck B. ADAM17 deficiency
by mature neutrophils has differential effects on L-selectin
shedding. Blood 2006; 108: 2275-2279

Saile B, Ramadori G. Inflammation, damage repair and
liver fibrosis-role of cytokines and different cell types. Z
Gastroenterol 2007; 45: 77-86

Sakairi T, Kobayashi K, Goto K, Okada M, Kusakabe M,
Tsuchiya T, Sugimoto J, Sano F, Mutai M. Greater expression
of transforming growth factor alpha and proliferating cell
nuclear antigen staining in mouse hepatoblastomas than
hepatocellular carcinomas induced by a diethylnitrosamine-
sodium phenobarbital regimen. Toxicol Pathol 2001; 29: 479-482
Schafer B, Marg B, Gschwind A, Ullrich A. Distinct ADAM
metalloproteinases regulate G protein-coupled receptor-
induced cell proliferation and survival. | Biol Chem 2004; 279:
47929-47938

Okada M, Sakairi T, Kusakabe M, Goto K, Tsuchiya T,
Sugimoto ], Sano F, Mutai M, Morohashi T, Kobayashi K.
Immunohistochemical localization of transforming growth
factor alpha in regenerating rat liver. | Vet Med Sci 2002; 64:
1045-1048

Webber EM, Bruix J, Pierce RH, Fausto N. Tumor necrosis
factor primes hepatocytes for DNA replication in the rat.
Hepatology 1998; 28: 1226-1234

Minagawa M, Oya H, Yamamoto S, Shimizu T, Bannai M,
Kawamura H, Hatakeyama K, Abo T. Intensive expansion
of natural killer T cells in the early phase of hepatocyte
regeneration after partial hepatectomy in mice and its
association with sympathetic nerve activation. Hepatology 2000;
31:907-915

Ito H, Ando K, Nakayama T, Taniguchi M, Ezaki T, Saito K,
Takemura M, Sekikawa K, Imawari M, Seishima M, Moriwaki
H. Role of Valpha 14 NKT cells in the development of impaired
liver regeneration in vivo. Hepatology 2003; 38: 1116-1124

Huang W, Dong Z, Wei H, Ding C, Sun R, Tian Z. Selective
elimination of hepatic natural killer T cells with concanavalin
A improves liver regeneration in mice. Liver Int 2006; 26:
339-345

S- Editor Zhu LH L- Editor MaJY E-Editor Yin DH

www.wjgnet.com



