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Abstract
AIM: Liver regeneration is associated with apoptosis of
hepatocytes, which is mediated via tumor necrosis factor
receptor 1(TNFR1). The shedding of TNFR1 in liver
regeneration and its mechanism to regulate this shedding
were investigated.

METHODS: The shedding of TNFR1 in liver regeneration
and changes of TNF-α, PMA and plasma membrane purified
from hepatocytes on this shedding process were measured
with Western blot. Then, the relationship between TNFR1
shedding and apoptosis of hepatocytes induced by TNFα
was studied by detecting apoptotic index.

RESULTS: The shedding of TNFR1 began at 4 hours and
terminated before 2 months after partial hepatectomy. In
culture system, serum from rats at 36 h after partial
hepatectomy could also promote this shedding process. With
the stimulation of TNF α, PMA or purified plasma membrane
from hepatocytes at 36 h after partial hepatectomy or from
hepatocytes treated with TNF α for 2 h, membranous TNFR1
was also shed. With the stimulation of both TNF α and plasma
membrane from hepatocytes affected with TNF α for 2 h or
from hepatocytes at 36 h after partial hepatectomy, apoptotic
index of hepatocytes decreased from 21 % to 7.52 % and
8.45 %, respectively. PMA could also reduce apoptotic index
to 13.67 %. This descent occurred in hepatocytes cultured
in serum from rats at 36 h after partial hepatectomy too,
but not in serum from rats at 2 months after partial
hepatectomy and sham-operated rats.

CONCLUSION: Shedding of TNFR1 may help reduce
apoptosis of hepatocytes induced by TNF α. Membrane-
anchored metalloprotases could play a role in shedding
membranous TNFR1. At the same time, PKC may take part
in regulation of this shedding process.
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INTRODUCTION
Tumor necrosis factor alpha (TNF-α), secreted predominantly
by monocytes and macrophages, is an important mediator of
various inflammatory and immune responses[1]. During liver
regeneration after a partial hepatectomy, TNFα levels are
elevated leading to the activation of a number of transcription
factors such as STAT-3, c-jun, c-fos, activating protein-1(AP-
1) and nuclear factor-κB (NFκB)[2-4]. And soluble TNF-α  exerts
its biological functions by binding to special target cell surface
receptors[5] which have been identified as TNFR1(p55) and
TNFR2 (p75)[6,7]. After ligand binding, TNFR1 or TNFR2 can
be bound by TNFR-associated protein-2 and the serine/
threonine kinase receptor-interacting protein, and then mediate
survival and proliferating signals via the transcription factor
NFκB and via activation of jun N-terminus kinase (JNK), which
in turn mediates new gene transcription via AP-1[8]. On the
other hand, TNFR1, not TNFR2, could be bound by the death
domain of the Fas-associated death domain protein (FADD)
via the adapter protein TNF-R1-associated death domain
protein (TRADD), which mediates its interaction with caspase
8 and activates the caspase cascade during apoptosis.
      Membranous proteins undergo shedding of ectodomain
extensively, among these are cytokines such as TNFα[9,10] and
kit ligand[11], cytokine receptors like the TNFα receptors[12] and
the p75 nerve growth factor receptor[13], adhesion proteins such
as L-selectin[14,15], and other proteins, including the β-amyloid
precursor protein[16,17],the angiotensin-converting enzyme[18,19],
and the protein tyrosine phosphatases LAR and PTP [20]. It
has been postulated that shedding of membranous protein
ectodomain might play a role in controlling a cell’s survival[21].
And this shedding of membranous protein happens extensively
in miscellaneous cells, such as monocytes and hepatocytes.
For TNFR, both the p55 and p75 form could be shed on the
surface of a cell[22-25]. Recently, there had been several reports
demonstrating that TNF α could induce the shedding of its
own receptor in lymphocyte [26,27]. However, whether
membranous TNFR1 of hepatocyte is shed during liver
regeneration remains unclear. In present study, we examined
this issue in rat regenerative liver.
      To clarify which elements affected the shedding of
membranous TNFR1, we also determined the shedding of
membranous TNFR1 of hepatocyte under stimulations of
TNFα,  phorbol 12-myristate 13-acetate (PMA) or
metalloprotease inhibitors. And then the effect of TNFR1
shedding on the apoptosis of hepatocytes was investigated.

MATERIALS AND METHODS

Partial hepatectomy
Partial hepatectomy (PH) was performed on Sprague-Dawley
Rattus norvegicus according to Higgins’ method[28].

Separation and purification of parenchymal hepatocytes
After isolated with collagenase according to the method as
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described previously[29], 4 ml suspension of hepatocytes was
laid on 15 ml 60 % (v/v) Percoll (Sigma) in 30 ml centrifuge
tube, and then centrifugated at 400 g for 5 min at 4 . Finally,
obtained precipitate was washed three times with PBS at 50 g
for 2 min at 4 .

Primary culture of hepatocytes and treatment
After isolation, hepatocytes were cultured in 50 mL·L-1 CO2 at
37  in RPMI1640 containing 10 % fetal bovine serum (BSA)
and penicillin/streptomycin for 2 h according to standard
protocols. Then the medium was replaced by fresh RPMI 1640
deprived of BSA to remove the non-attached cells.
      To determine the effect of serum on shedding of TNFR1,
serum from rats after partial hepatectomy for 36 h was added
into culture medium. Thirty minutes later, cultured hepatocytes
were harvested with policeman from culture dish.
      For other incubations, plasma membrane purified from
hepatocytes after partial hepatectomy for 48 h or from cultured
hepatocytes induced by TNF-α at a concentration of 5 nmol·
L-1 for 2 h were added at a concentration of 2 µg membranous
protein per milliliter culture medium. Addition of plasma
membrane boiled for 5 min and plasma membrane from
hepatocytes of rats without partial hepatectomy were used as
control. Then 2 mmol·L-1 BB-1101 (Sigma), and staurosporine
at 5 ng·L-1  were respectively added into culture medium. Two
hours later after various stimulations as above, hepatocytes
were collected.
      Phorbol 12-myristate 13-acetate (PMA, Sigma) alone
concentrated at 10 µmol·L-1 (in DMSO) or PMA accompanied
with staurosporine (3 nmol·L-1, Sigma) were added into culture
medium of attached hepatocytes for 30 min.

Purification of plasma membrane and membranous protein
Isolated or cultured hepatocytes (1 107) were homogenized
in buffer A (1 mmol·L-1 NaHCO3, pH7.5; 0.5 mmol·L-1 CaCL2;
2 µmol·L-1  aprotinin, 10 µmol·L-1 E-64, 100 µmol·L-1 PMSF,
100 µmol·L-1 TPCK) on ice. After centrifuged at 1 500 g for 3

10 min at 4 , the precipitate was suspended with 5 ml
buffer A, and then mixed with 5 ml 69 % (w/v) sucrose solution.
And 5 ml 42.3 % (w/v) sucrose solution was added on top of
the mixture. They were then centrifuged at 100 000 g for 2 h at 4

. The snip on the top of centrifugal solution was washed
with buffer A at 100 000 g for 3 10 min at 4 . Finally, the
membranes were purified about 25-fold from homogenate,
judging by their 5’-nucleatidase activity. Obtained membranes
were resolved in 1 ml TrittonX114 buffer (2 % TrittonX114,
50 mmol·L-1 Tris- HCL, pH7.5) on ice for 15 min, then
centrifuged at 10 000 g for 5 min at 4 , and then incubated at
37  for 10 min and centrifuged at 2 000 g at 37  for 5 min.
Detergent fraction was collected to perform procedures as
described above once again. Finally, pure membranous proteins
were in TrittonX114 detergent phase.

TNFR1 and membrane-anchored metalloprotease assays
Total membranous proteins were prepared as described above.
Concentration of protein was determined according to
described method[30].  Ninety micrograms membranous protein
was separated by SDS-PAGE and electroblotted to
nitrocellulose. After incubation with fresh blocking solution,
blots were exposed to TNFR1 primary antibody (1:1 000, Santa
cruz, USA). Blots were then incubated with a 1:1 000 dilution
of rat alkaline phosphatase-colligated secondary antibody
(Zhong Shan Biotech Co. China) for 1 h at 37 . Blots were
again washed for 3 5 min in PBS and then developed by
NBT/Bcip III (Dingguo Biotech Co. China).

Assessment of apoptosis
The percentage of apoptotic cells was determined by evaluating
propidium iodide and Hoechst 33 342 stained preparations by
fluorescent microscopy and scoring 8-10 randomly selected
fields containing more than 1 000 cells. In the meantime, the
results were confirmed by DNA fragmentation by agarose
electrophoresis[31].

Statistical analysis
All data values are expressed as means ± SE for statistical
analysis, the significance of differences between experimental
conditions was determined using the Student’s test for unpaired
observations. A P value (two tailed) of less than 0.05, compared
with hepatocytes cultured in RPMI1640 with 10 % BSA, was
considered significant.

RESULTS

Shedding of TNFR1
Shedding of membranous TNFR1 ectodomain after partial
hepatectomy was examined by Western blotting. Shedding of
TNFR1 began at 4 h after hepatectomy, but not at 2 h, in which
process a 55 kD form of TNFR1 was shed into a 39 kD form.
And this process lasted at least for 144 h and ended before 2
months after hepatectomy (Figure1). In culture system in vitro,
serum from rats at 36 h after partial hepatectomy could also
promote this shedding process. However, serum from sham-
operated rats and from rats at 2 months after partial
hepatectomy could not (Figure 2). And with the stimulation of
TNFα, PMA  and purified plasma membrane from hepatocytes
at 36 h after partial hepatectomy and from hepatocytes treated
with TNFα for 2 h, TNFR1 also could be shed. But this
shedding of membranous TNFR1 was inhibited by
staurosporine and BB1101 (Figure 2-5).

Figure 1  TNFR1 shedding on the surface of parenchymal hep-
atocytes occurs in regenerative liver. Data shown represent time
course of TNFR1 shedding after partial hepatectomy. Plasma
membrane from normal liver was used as control.

Figure 2  TNFR1 shedding under the stimulation of serum from
rats after partial hepatectomy. Cultured hepatocytes were treated
with serum from regener-ative liver at 36 h for 30min, or the serum
accompanied with metalloprotase inhibitor BB1101 at 2mmol·L-1.
Cultured hepatocytes under no any treatments were used as control.
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Figure 3  TNFR1 shedding induced with plasma membrane of
hepatocytes from regenerative liver. Cultured hepatocytes were
treated for 30 min with plasma membrane from hepatocytes at
36 h after hepatectomy (rm) or sham-operated (m) or from hepa-
tocytes treated with TNFα at 10 µg·mL-1 for 2 h (tm). Plasma
membrane boiled for 5 min (bm) as control. Then metalloprotase
inhibitor BB1101 at 2 mmol·L-1 (bbm), or staurosporine at
5 ng·mL-1 e (sm) was added into culture medium. Cultured hepa-
tocytes under no any treatments were as control.

Figure 4  TNFR1 shedding under the stimulation of TNF α.
Cultured hepatocytes were treated respectively with TNFα at
10 µg·mL-1 for 2 h, or TNFα accompanied with metalloprotase
inhibitor BB1101 at 2 mmol·L-1. Cultured hepatocytes under
no any treatments were as control.

Figure 5  Effect of PMA on TNFR1 shedding. Cultured hepa-
tocytes were treated with PMA at 10 µg·mL -1 for 30 min,
staurosporine accompanied with PMA at 5 ng·mL-1, or PMA
accompanied with BB1101 at 2 mmol·L-1. Confluent cultured
hepatocytes without any treatment were used as control.

Figure 6  Induction of apoptosis after treatment with TNFα.
Means of data shown in figure were: 1. Control; 2. Treated

with TNFα at 10 µg·mL-1; 3. Treatment with TNFα at 10 µg·mL-1

after treated with plasma membrane purified from liver at 36
h after partial hepatectomy at 2 µg·mL-1; 4. Treated with plasma
membrane at 2 µg·mL-1 purified from hepatocytes induced with
TNFa accompanied with TNFa at 10 µg·mL-1; 5. Treated with
PMA at a concentration of 10 µmol·L-1 (in DMSO) accompa-
nied with TNF at 10 µg·mL-1; 6. Treated with serum from rat
after partial hepatectomy for 36 h at 5 % accompanied with
TNFα at 10 µg·mL-1; 7. Treated with TNFα at 10 µg·mL-1 after
treated with plasma membrane purified from rat liver regen-
erated for 2 months at 2 µg·mL-1. Apoptotic index=(numbers
of apoptotic cells/total cells numbers per well)×100. Data were
means from 6 separate experiments ×SE   (n=6 wells). Differ-
ent letters over bars indicate significant differences, P<0.05.
The results are confirmed by DNA fragmentation by agarose
electrophoresis (data not provided).

Effects of TNFR1 shedding on apoptosis of hepatocyte
Purified plasma membrane from hepatocytes at 36 h after
partial hepatectomy or from hepatocytes induced with TNFα
or PMA reduced the apoptotic index induced by TNFα from
21 % to 7.52 % , 8.45 % and 13.67 %, respectively. This descent
also occurred in hepatocytes cultured in serum from rats after
partial hepatectomy for 36 h. But cultured in serum from rats
at 2 months after partial hepatectomy, apoptotic index of
hepatocytes was even higher than that in serum from sham-
operated rats (Figure 6).

DISCUSSION
In adult liver, hepatocytes are highly differentiated and
predominantly in G0 state of cell cycle. Partial hepatectomy
can induce these hepatocytes to undergo rapid proliferation,
leading to organ regeneration[3,32,33]. However, the exact
mechanisms that initiate and terminate this highly regulated
proliferative event remain unclear. In present studies, we
assessed the shedding of TNFR1 during liver regeneration and
the association between this shedding and apoptosis of
hepatocytes.
      Several recent works had provided obvious evidences that
tumor necrosis factor-α (TNF-α) functioned as a two-edged
sword in the liver. It is an important cytokine of the early
signaling pathways leading to regeneration and an antiapoptotic
effector. On the other hand, it is also an intensive mediator of
apoptosis[2,3]. TNFR should be involved in all these process
above because TNFα must bind to TNFR before it can exert
its roles. And down-regulation of membranous TNFR1
expression levels of hepatocyte had been previously confirmed
as an important pathway to regulate the role of TNF-α[34]. Our
results demonstrated that the shedding of TNFR1 occurred
during liver regeneration. This shedding of TNFR1 could
reduce apoptotic rate of hepatocytes induced by TNF-α.These
results suggested that TNFR1 shedding might also be a pathway
to down-regulate membranous TNFR1 levels of hepatocyte.
Our finding that shedding of TNFR1 induced by serum from
rats after partial hepatectomy progressively suggested that
some factors were secreted into serum during liver
regeneration. These factors might regulate liver regeneration
by inducing the shedding of TNFR1.
      Several peptide hormones had been shown to down-
modulate their own receptors[35-38]. This down-modulation was
believed to require the binding of the ligand with its receptor,
followed by internalization of the ligand-receptor complex into
the cell. After the dissociation of the receptor from its ligand
inside the lysosome, the receptor was either degraded or
recycled back to the cell surface[39]. Our results showed that
the TNFR1 shedding was induced by TNF-α, though only parts
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of membranous receptor were shed. Higuchi reckoned that
TNFR2, not TNFR1, was shed in lysosome[40]. However, our
results showed that membranous TNFR1 could be shed on the
cell surface.
      Our results also showed that metalloprotase inhibitor
inhibited the shedding of TNFR1. This suggested that some
metalloprotases played a role in this shedding process. Two
possible sources of these metalloprotase could be proposed
for the shedding of TNFR1. One possibility was that these
metalloprotases presented in serum because the shedding of
TNFR1 could be induced by serum from rats after partial
hepatectomy and inhibited by BB1101. It was also possible
that these metalloprotases were membrane-anchored proteins.
TNFR1 was shed when cells were treated with plasma
membrane purified from hepatocytes of regenerative liver. At
the same time, this shedding of TNFR1 could be inhibited by
metalloprotase inhibitor either.
      We also found that PMA could induce the shedding of
TNFR1. This shedding of TNFR1 was inhibited by
staurosporine. These results suggested that PKC was involved
in regulating the shedding of TNFR1. Perhaps phosphorylating
of TNFR1 by PKC made it sensitive to metalloprotase.
However, further investigations are needed to identify which
protease should be responsible for the shedding of TNFR1.
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