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Figure 2. Expression of in vivo-activated cytokines demonstrates no significant changes. Hepatic gene expression in WT and GnT-V Tg mice 0, 8, or 24 h
after the injection of ConA at 12.5 mg/kg BW. Gene expression of (A) Ifn-y, Il-10, T-bet and Gata-3 in mouse livers was evaluated using reverse transcription
quantitative polymerase chain reaction. The mRNA expression levels were normalized relative to the mRNA expression of /8s and are expressed in arbitrary
units. The results are expressed as the mean + standard deviation; "P<0.05. (B) Serum cytokine levels in the WT and GnT-V Tg mice 0, 8, or 24 h after the
injection of ConA at 12.5 mg/kg BW. Serum levels of IEN-y and IL-10 were measured by ELISA at the indicated time points. Results are expressed as the
mean + standard deviation; "P<0.05. GnT-V, N-acetylglucosaminyltransferase V; WT, wild-type; Tg, transgenic; ConA, concanavalin A; BW, body weight; Ifn,

interferon; IL, interleukin.

levels of IFN-y and IL-10 in the GnT-V Tg mice 8 h after the
injection of ConA were significantly lower compared with
those in the WT mice (Fig. 2B).

Thl to Th2 cytokine shift in GnT-V Tg mouse splenic
Iymphocytes in vitro. T cells are important in ConA-induced
hepatitis (1,4,5). To investigate function of splenic lympho-
cytes from the WT and GnT-V Tg mice in cytokine
production, the mouse splenic lymphocytes were stimulated
with anti-CD3/CD28 antibodies in vitro. Levels of the IFN-y
Th1 cytokine were significantly lower in the GnT-V Tg
compared with the WT mouse splenic lymphocytes (Fig. 3A),
whereas levels of the IL-10 Th2 cytokine were higher in the

GnT-V Tg mouse splenic lymphocytes compared with the WT
lymphocytes.

ConA activates lymphocyte function, including cytokine
production (1,4,5). Subsequently, mouse splenic lymphocytes
were stimulated with ConA in vitro. As was observed following
stimulation with the anti-CD3/CD28 antibodies, the levels of
gene expression and the production of IFN-y in the GnT-V Tg
mouse splenic lymphocytes were lower compared with those in
the WT, whereas the levels of IL-10 were higher (Fig. 3B and C).
IFN-v is considered a typical pro-inflammatory cytokine (10,11)
and IL-10 is known to protect the liver from ConA-induced
hepatitis (14,15). Therefore, the exacerbated ConA-induced
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Figure 3. GnT-V Tg mouse splenic lymphocytes produce increased Th2 cytokines. (A) Anti-CD3/CD28 antibody-induced cytokine production levels secreted
into the medium from splenic lymphocytes. Mononuclear cells of the spleen, isolated from WT and GnT-V Tg mice, were cultured for 48 h in the presence
of anti-CD3 (5 pg/ml) and anti-CD28 (5 yg/ml) antibodies and levels of IFN-y and IL-10 were measured using ELISA. The results are expressed as the
mean = standard deviation (n=3-8); "P<0.03. (B) Gene expression of cytokinines in the splenic lymphocytes following ConA stimulation is shown, Splenic
lymphocytes from WT and GnT-V Tg mice were cultured for 24 h in the presence of ConA (5 pg/ml) and the gene expression levels of Ifn-y, Il-10, T-bet and
Gata-3 were measured by reverse transcription quantitative polymerase chain reaction. The mRNA expression levels were normalized relative to that of 18s
and are expressed in arbitrary units. The results are expressed as the mean + standard deviation (n=3); "P<0.05. (C) ConA-induced cytokine production levels
secreted into the medium from splenic lymphocytes. Splenic lymphocytes from WT and GnT-V Tg mice were cultured for 24 h in the presence of ConA
(5 pg/ml) and levels of IFN-y and IL-10 were measured using ELISA. Results are expressed as the mean + standard deviation (n=3); "P<0.05. WT, wild-type
mouse splenic lymphocytes; GnT-V, N-acetylglucosaminyltransferase V; Tg, GnT-V transgenic mouse splenic lymphocytes; ConA, concanavalin A; BW, body
weight; Ifn, interferon; IL, interleukin; PBS, phosphate-buffered saline; Th, T helper; CD, cluster of differentiation.

hepatitis in the GnT-V Tg mice in vivo was not explained by  circulation and is an early event in T cell-mediated liver
these in vitro results. injury (5). The subsequent loss of function of the LSEC barrier

exposes the underlying hepatocytes to further attack from acti-
No difference is observed in the binding affinity of ConA to  vated T lymphocytes (5-7). To examine the binding affinity of
LSECs between WT and GnT-V Tg mice. The binding of ConA  ConA to LSECs from the WT and the GnT-V Tg mice, ConA
to the mannose gland of the LSEC surface, which is followed lectin blotting and flow cytometric analysis were performed.
by LSEC damage, recruits T lymphocytes from the sinusoidal ~ The purity of the isolated LSECs was >75% (Fig. 4A).
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Figure 4. Binding affinity of ConA to LSECs does not differ between WT and GnT-V Tg mice. (A) Purity of the LSECs was analyzed by the expression of the
cell surface marker, CD31. (B) Expression of GnT-V in LSECs was characterized by immunoblotting against GnT-V. Immunoblotting against GAPDH was
performed as a loading control. (C) $1-6 N-acetylglucosamine branching (the product of GnT-V) and the binding affinity of ConA to LSECs were assessed
by L,-PHA and ConA by lectin blot analysis. (D) Results of the L,-PHA and ConA lectin flow cytometric analysis. Data are representative of experiments
repeated more than three times using three mice per experiment. WT, wild-type mouse LSECs; GnT-V, N-acetylglucosaminyltransferase V; Tg, GnT-V
transgenic mouse LSECs; ConA, concanavalin A; LSEC, liver sinusoidal endothelial cell; CD, cluster of differentiation; L,-PHA, leukoagglutinating phytohe-

magglutinin; FITC, fluorescein isothiocyanate.

To investigate the difference in the GnT-V and p1-6 GlcNAc
branching of N-glycans expression in LSECs from the WT and
GnT-V Tg mice, GnT-V immunoblotting, L,-PHA lectin blot-
ting and flow cytometric analysis were performed (Fig. 4B-D).
L,-PHA binds to the 1-6 GlcNAc branching of N-glycans,
which is the product of GnT-V. Although the protein expres-
sion of GnT-V was increased in the GnT-V Tg mouse LSECs
compared with the WT mouse LSECs (Fig. 4B), the expres-
sion of f1-6 GlcNAc branching of N-glycans, determined by
L,-PHA lectin blotting and flow cytometric analysis, did not
differ between the WT and GnT-V Tg mouse LSECs (Fig. 4C,
left panel and 4D, left panel). ConA lectin blotting and flow
cytometric analysis also revealed no difference in the binding
affinity of ConA to the LSECs between the WT and GnT-V Tg
mouse LSECs (Fig. 4Cand D).

Number of hepatic macrophages is significantly increased in
GnT-V Tg compared with WT mice. Subsequently, the hepatic
immune cells were examined and the liver MNC subset was
investigated prior to or following the injection of ConA.
Notably, the number of CD11b-positive cells was significantly
increased in the GnT-V Tg liver compared with the WT mouse
liver prior to and 2 h after ConA injection (Fig. 5A and B).
In addition, the gene expression of the macrophage markers
F4/80 and CD68 were significantly increased in the Tg mouse
MNCs (Fig. 5C). F4/80 immunohistochemical staining of the
livers also revealed that the number of hepatic F4/80-positive
macrophages was significantly increased in the GnT-V Tg
mice compared with the WT mice (Fig. 6A and B). These
results indicated that the number of hepatic macrophages was
higher in the GnT-V Tg mice than in the WT mice.
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Figure 5. Hepatic macrophages are significantly increased in GnT-V Tg, vs. WT mice. Subset analyses of liver MNCs in the WT and GnT-V Tg mice (A) prior to
and (B) 2 h after the injection of ConA at 12.5 mg/kg body weight were performed by flow cytometry. (C) Gene expression levels of the macrophage markers,
F4/80 and CD68, in the MNCs before and 2 h after injection of ConA is shown. Results are expressed as the mean =+ standard deviation (n=3); "P<0.05. WT,
wild-type mouse liver MNCs; MNCs; ConA, concanavalin A; CD, cluster of differentiation; GnT-V, N-acetylglucosaminyltransferase V; Tg GnT-V, transgenic
mouse liver; MNC, mononuclear cells.
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Figure 6. Number of hepatic F4/80-positive macrophages in GnT-V Tg mice is significantly increased compared with the number in WT mice.
(A) Photomicrographs show representative mouse livers stained with anti-F4/80 antibody prior to (0 h) and 24 h after the injection of ConA at 12.5 mg/kg body
weight (magnification, x200). (B) Quantification of the number of F4/80 positive cells/field is shown. Results are expressed as the mean + standard deviation
(0 h, n=9; 24 h, n=18); "P<0.03, compared with WT. WT, wild-type mouse liver; GnT-V, N-acetylglucosaminyltransferase V; Tg, GnT-V transgenic mouse liver;
ConA, concanavalin A.
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Figure 7. Hepatic macrophage depletion reduces the difference in the degree of hepatitis between WT and GnT-V Tg mice. (A) Representative photomicro-
graphs mouse livers stained with anti-F4/80 antibody 24 h after the injection of ConA at 12.5 mg/kg BW (magnification, x200). Clodronate-liposomes were
injected 2 days prior to ConA administration. (B) Representative photomicrographs of hematoxylin and eosin stained mouse livers 24 h after the injection of
ConA at 12.5 mg/kg BW (magnification, x40). (C) Levels of serum ALT in mice (n=6) 24 h after the injection of ConA at 12.5 mg/kg BW. Results are expressed
as the mean # standard deviation; "P<0.05 and "P<0.01. WT, wild-type mice; GnT-V, N-acetylglucosaminyltransferase V; Tg, GnT-V transegenic mice; Clod,
clodronate-liposomes; ALT, alanine aminotransferase; PBS, phosphate-buffered saline; ConA, concanavalin A; BW, body weight.

Depletion of hepatic macrophages reduces the degree of
difference in ConA-induced hepatitis between WT and GnT-V
Tg mice. To investigate the effect of hepatic macrophages
in ConA-induced hepatitis in GnT-V Tg mice, macrophages
were depleted from the WT and GnT-V Tg mice using clodro-
nate-liposomes, and the severity of ConA-induced hepatitis

was determined. The depletion of hepatic macrophages was
confirmed by immunohistochemical staining with anti-F4/80
antibody (Fig. 7A). Macrophage depletion significantly
suppressed ConA-induced liver injury in the WT and GnT-V
Tg mice and it reduced the differences in liver injury between
the WT and GnT-V Tg mice (Fig. 7B and C).
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Figure 8. Gene expression of galectin-3 is elevated in Tg mouse hepatocytes. (A) Gene expression levels of macrophage chemoattractants in the mouse liver.
(B) Gene expression levels of macrophage chemoattractants in the mouse hepatocytes. Results are expressed as the mean + standard deviation. WT, wild-type
mice; GnT-V, N-acetylglucosaminyltransferase V; Tg, GnT-V transgenic mice; Ccl, C-C chemokine ligand.

Expression of galectin-3 is elevated in Tg mouse hepa-
tocytes. To elucidate the reason why the number of liver
macrophages in the Tg mice was elevated compared with
the number in the WT mice, the expression of macrophage
chemoattractant genes (Ccl/2, Ccl5 and Galectin-3) were
investigated in mouse hepatocytes (Fig. 8). The results
demomnstrated that the gene expression of galectin-3 was
elevated in the Tg mouse hepatocytes compared with the WT
mouse hepatocytes.

Discussion

In the present study, it was initially observed that ectopic
expression of GnT-V exacerbated ConA-induced hepatitis
despite the Thl to Th2 cytokine shift observed in the GnT-V
Tg mouse splenic lymphocytes. A relatively high dose of
ConA induced a significantly higher mortality rate in the
GnT-V Tg mice compared with the that in WT mice. The
binding affinity of ConA to LSEC, which occurs in the first
phase of ConA hepatitis, did not differ between the WT and
GnT-V Tg mice. The results also revealed significant increases
in hepatic macrophage infiltration in the GnT-V Tg mice liver
compared with the WT mouse liver, prior to or following
ConA injection. Notably, the gene expression of galectin-3, a
hepatocyte and one of the major chemoattractants of macro-
phage, was increased in the Tg mice. These findings indicated
that GnT-V-induced galectin-3 elevation recruited monocytes
to the liver and resulted in an increased number of hepatic
macrophages, ultimately leading to enhanced ConA-induced
hepatitis in the Tg mice. The present study also observed that
the depletion of macrophages inhibited and reduced the differ-
ence in the degree of ConA-induced hepatitis between the WT
and GnT-V Tg mice. Considering these findings, the present
study demonstrated that aberrant glycosylation, induced by
GnT-V, increased hepatic macrophage infiltration and resulted
in enhanced ConA-induced hepatitis.

In the liver, LSECs, Kupffer cells (hepatic macrophages),
lymphocytes (T cells) and NK cells are involved in the immune
response of ConA-induced hepatitis (5). Among these immune
cells, T cells are critical in ConA-induced hepatitis (1,4,5).
Therefore, to investigate the roles of GnT-V on T cell activa-
tion, splenic lymphocytes from WT and GnT-V Tg mice were
stimulated with anti-CD3/CD28 antibodies or ConA in vitro.
The GnT-V Tg mouse splenic lymphocytes produced lower
levels of the IFN-y Th1 cytokine and higher levels of the IL-10
Th2 cytokine compared with the WT mouse splenic lympho-
cytes. These findings were consistent with those of previous
studies, which demonstrated that GnT-V-induced TCR oligo-
saccharide modification suppresses TCR signaling (22,23).
However, these findings indicate that GnT-V tends to suppress
inflammatory responses through suppression of T cell activa-
tion, which differ from the results of the present in vivo study.

ConA binds predominantly to LSECs within 15 min
following intravenous injection. After 4 h, ConA begins to
bind to hepatic macrophages (33), and activated lympho-
cytes are then trafficked towards hepatocytes, leading to
inflammation (5,32). The present study hypothesized that the
glycosylation differences between the LSECs of WT and GnT-V
Tg mice may be important in the progression of ConA-induced
hepatitis. To examine this hypothesis, differences in the lectin
affinities of each mouse LSEC were investigated. It was found
that ConA and L,-PHA lectin bound equally to the WT and
GnT-V Tg mouse LSECs, however, the expression of GnT-V
was increased in the GnT-V Tg mice. Since levels of $1-6
GlcNAc branching are regulated by UDP-GIcNAc, a donor
substrate of GnT-V (33), a change in the expression of GnT-V
alone were insufficient to increase levels of B1-6 GIcNAc
branching in the Tg mouse LSECs.

In response to these T cell and LSEC findings, the present
study investigated hepatic macrophages as the main effector
cell in the second phase of ConA-induced hepatitis (33,35).
The hepatic macrophages were significantly increased in the
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GnT-V Tg mice compared with the WT mice prior to and
following ConA administration. It is understood that f1-6
GlcNAc branching extends repeated glycans of GlcNAc and
galactose and results in a polylactosamine structure (36).
Endogenous galectin-3 binds to this polylactosamine struc-
ture. Galectin-3 is a chemoattractant for monocytes and
macrophages, which induces macrophage infiltration into
the organs (35,37,38) and promotes inflammatory changes
in various organs (35). Therefore, the polylactosamine struc-
ture induced in GnT-V Tg mice may increase the quantity of
hepatic galectin-3. The present study also observed that the
gene expression of galectin-3 was increased in the GnT-V
Tg hepatocytes compared with the WT mouse hepatocytes.
Therefore, GnT-V Tg mouse hepatocytes may produce
higher quantities of galectin-3 than WT mouse hepatocytes.
Increased hepatic galectin-3 in the GnT-V Tg mice may result
in the elevated proportion of macrophages among the hepatic
MNC:s. In the present study, depletion of hepatic macrophages
by clodronate-liposome infusion decreased the severity of
ConA-induced hepatitis in the WT and GnT-V Tg mice and
reduced the differences in liver injury between these mice.
These results indicated that aberrant glycosylation by GnT-V
elevated hepatic macrophage infiltration via an increase in
hepatic galectin-3, exacerbating ConA-induced hepatitis. The
reason for GnT-V-induced increases in hepatic galectin-3 and
target glycoproteins for GnT-V in macrophages remains to be
elucidated and its mechanisms require further investigation.

In conclusion, aberrant glycosylation by GnT-V led to
increases in hepatic macrophage infiltration and enhanced
ConA-induced hepatitis in mice. These findings indicate that
the modulation of glycosylation may be a novel therapeutic
target for immunity-associated acute hepatitis.
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Core fucosylation is an important post-translational modification, which is catalyzed by
al,6-fucosyltransferase (Fut8). Increased expression of Fut8 has been shown in diverse carcinomas
including hepatocarcinoma. In this study, we investigated the role of Fut8 expression in liver regeneration
by using the 70% partial hepatectomy (PH) model, and found that Fut8 is also critical for the regeneration of
liver. Interestingly, we show that the Fut8 activities were significantly increased in the beginning of PH
(~4d), but returned to the basal level in the late stage of PH. Lacking Fut8 led to delayed liver recovery in
mice. This retardation mainly resulted from suppressed hepatocyte proliferation, as supported not only by a
decreased phosphorylation level of epidermal growth factor (EGF) receptor and hepatocyte growth factor
(HGF) receptor in the liver of Fut8 '~ mice in vivo, but by the reduced response to exogenous EGF and HGF
of the primary hepatocytes isolated from the Fut8~'~ mice. Furthermore, an administration of L-fucose,
which can increase GDP-fucose synthesis through a salvage pathway, significantly rescued the delayed liver
regeneration of Fut8*/~ mice. Overall, our study provides the first direct evidence for the involvement of
Fut8 in liver regeneration.

he adult liver has a remarkable capacity to regenerate, which makes it possible to use partial livers from living
donors for transplantation. However, certain hepatic conditions, including cirrhosis, steatosis, and condi-
tions due to old age, also have impaired liver regeneration that results in increased morbidity and mortality
in response to liver transplantation'. Therefore, in the past decade, numerous studies have been focused on
dissecting the molecular mechanisms underlying liver regeneration.

Seventy percent partial hepatectomy (PH) is the most common technique that is used to study the regeneration
ofliver. Namely, it describes a surgical procedure which removes 70% of liver mass in rodents (rats and mice). Due
to the multi-lobed structure of the rodent liver, three of the five liver lobes (representing 70% of its liver mass) can
be removed. The residual lobes enlarge and reconstitute the original size of the liver within 2 weeks®’.
Regeneration after PH is a complicated process. At the cellular level, it proceeds with the coordinated proliferation
of all types of mature hepatic cells. Among these, it has been generally accepted that the restoration of liver volume
depends mainly on the proliferation of hepatocytes®. This is not only because hepatocytes account for about 80%
of liver weight and 70% of all liver cells, but also they are the first cells to enter into DNA synthesis and produce
mitogenic signals for other hepatic cells*®. Molecularly, PH triggers multiple intracellular signaling cascades
(RAS/mitogen-activated protein kinase (MAPK) signaling, c-Met signaling, etc), leading to great changes in the
expression of genes associated with cell proliferation'®. The convergence of these signaling pathways has been
reportedly mediated via epidermal growth factor receptor (EGFR) and hepatocyte growth factor receptor (HGFR,
also called c-Met)*. Blocking the EGFR- or c-Met-mediated signaling pathway could cause a severe delay of liver
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regeneration. In addition to the expression level of EGFR and c-Met
proteins, it has been shown that the post-translational modification
of these receptors such as ubiquitination, phosphorylation, and gly-
cosylation also plays a crucial role in the regulation of these signaling
pathways”.

Fucosylation is one type of glycosylation. It describes the attach-
ment of a fucose residue to N-glycans, O-glycans, and glycolipid
catalyzed by a family of enzymes called fucosyltransferases (Futs)®.
Among these, 0.1,6-fucosyltransferase (Fut8) is the only enzyme that
catalyzes the transfer of a fucose from GDP-fucose to the innermost
GleNAc residue via o.1,6-linkage to form core fucosylation in mam-
mals as shown in Figure 1¢. The enzymatic products, core fucosylated
N-glycans, are widely distributed in a variety of glycoproteins and
have been shown to play important roles in cell signaling. As exam-
ples, we previously showed that core fucosylation is crucial for the
ligand binding affinity of TGF-B1 receptor', EGF receptor'', and
integrin o3B1". Lacking the core fucose of these receptors led to a
marked reduction in their ligand-binding ability and downstream
signaling. Recently, our group found that a loss of core fucose on
activin receptors resulted in an enhancement of the formation of
activin receptor complexes, which constitutively activated intracel-
lular signaling®. These studies indicate that core fucosylation is able
to negatively or positively affect signaling pathways through regu-
lation of receptor binding ability.

Abnormal expression of Fut8 has been pathologically correlated
with diverse carcinomas including liver', ovarian'®, lung'® and colo-

b

a
S
15000-
® Sham
w
s
S 10000-
v
o
S
)
2 5000-
T P
g | ﬁ
K JU
0 10
Retention Time (min)
15000 S c
© 2-day after PH
<2}
5 i
S 10000
1%2]
o
S
o P
= 5000~
s ﬁ
3]
o L
4
0 -
0 10

Retention Time {min)

rectal cancers'’. Recently it was reported that core fucosylation on
some glycoproteins, such as vitronectin, increased during liver regen-
eration after PH'. However, the underlying mechanisms remain
poorly understood. Here, we investigated the role of Fut8 in liver
regeneration and showed for the first time that core fucosylation is
physiologically associated with the liver regeneration. In particular,
we show that the liver regeneration was significantly inhibited in
Fut8 deficient (Fut8 /) and Fut8 hetero (Fut8"/~) mice as compared
to wild type (Fut8™/*) mice. It is intriguing that this effect could be
attenuated by L-fucose supplementation in the Fut8™'~ mice.
Moreover, intracellular signaling analysis using primary hepatocytes
isolated from Fut8** and Fut§™/~ mice clearly demonstrated that
Fut8 is important for the initiation of hepatocyte proliferation. Taken
together, our data here provide novel insight for the function of core
fucosylation in liver regeneration.

Results

70% PH induced the expression of Fut8. It has been reported that
lacking N-acetylglucosaminyltransferase III suppressed the liver
tumor progression and liver regeneration in mice, indicating the
importance of glycosylation in liver'”. In the present study, we
investigated the roles of Fut8 in liver regeneration. Firstly, we
chose to use HPLC to examine the enzyme activities of Fut8 by in
the liver tissues at different time points after 70% PH, since the
expression level of Fut8 in liver is much lower than that in other
tissues under physiological conditions, and it is difficult to detect
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Figure 1 | The activities of Fut8 were increased after 70% partial hepatectomy (PH). The liver tissues were harvested for the determination of enzyme
activities at indicated times as described in “Methods”. (a) A representative elution pattern on HPLC for Fut8 activities in Fut8*'* mouse with

(left panel) or without (right panel) PH. S: substrate; P: product. (b) The quantitative assay for enzyme activities in Fut8*/* mice after PH. *, P < 0.05,
compared to the group without PH (sham), which was set as 1, n = 3. (c) Reaction for synthesis of o1,6-fucose.
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endogenous Fut8 by anti-Fut8 antibody even after the induction by
PH. As shown in Figure 1a and 1b, the Fut8 activities were increased
in the first 4 days after operation, and returned to normal levels after
liver mass is restored. The similar pattern was also observed in
mRNA expression confirmed by RT-PCR (data not shown). On
the other hand, the expression levels of L-fucosidase after PH were
not changed confirmed by RT-PCR (data not shown). These data
indicated that the induction of Fut8 expression might be required for
liver regeneration.

Loss of Fut8 inhibited recovery of liver mass after a two-third liver
resection. To testify the hypothesis above, we performed a 70% PH
on both Fut8** and Fut8™'~ mice, and analyzed the restoration of
their livers. Interestingly, the regeneration index calculated as an increase
in liver-to-body weight ratio was significantly lower in Fut8~/~ mice
than that in Fut8*"* mice (Figure 2a). Furthermore, a decrease in liver
regeneration was also observed in the Fut8*'~ mice during the first 2
days (Figure 2b). The results above indicated that the liver regeneration
was inhibited in Fut8 '~ mice as compared to Fut8*'* mice.

Liver regeneration was achieved by the coordinated proliferation
of all types of mature hepatic cells®. Consistent with the results above,
quantitative assessment of Ki67 by immunostaining revealed little
difference between Fut8 ™/~ and Fut8*/* mice without PH, while, the
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Figure 2 | Fut8 expression was required for liver regeneration after PH. 7-
to 8-week-old mice were surgically resected as described in “Methods™,
and then the livers were harvested at the indicated times. (a) Relative liver
weight (liver vs whole body) at the indicated times after 70% PH. The sham
group was set as 100%. Each set of the reported data was obtained from at
least 5 individuals of Fut8*'* and Fut8™/~ mice. *, P < 0.05; **, P < 0.01.
(b) Comparison of relative weight at 2 days after PH between Fut8*/* and
Fut8*/~ mice (C57BL/6 genetic background). Each data was obtained from
at least 8 individuals. *, P < 0.05, compared with the Fut8*'* mice.

percentage of Ki67 positive versus TO-PRO-3 iodide positive cells in
the livers of Fut8 ™'~ mice were markedly less than that in Fut8*/*
mice at day 2 after PH (Figure 3a and 3b). These differences in cell
proliferation were further reflected by the cell proliferation signaling.
As shown in figure 3c, the phosphorylation levels of ERK were
remarkably lower in the Fut8™'~ mice as compared with Fut8*/*
mice, although the MAPK signaling pathways were activated by
PH in both Fut8*/* and Fut8~'~ mice. Overall, these data indicated
that the delayed liver recovery in Fut8 ™'~ mice resulted from the
lower cell proliferation.

L-fucose administration in Fut8*'~ mice attenuated the inhibitory
effect in cell proliferation as described above. GDP-fucose is the
donor for fucosyltransferases. It is known that two pathways for the
synthesis of GDP-fucose in mammalian cells, the GDP-mannose-
dependent de novo pathway and the free fucose-dependent salvage
pathway®. And what is more, administration of oral L-fucose, an
enhancement of the salvage pathway, has been proven useful for
correction of fucosylation defects in leukocyte adhesion deficiency
type II (LAD II) patients®. To determine whether enhancing GDP-
fucose salvage pathway could complement the delayed liver
regeneration of the Fut8*'~ mice as described above, we checked
the effects of L-fucose supplementation in the Fut8*'~ mice.
Interestingly, an oral administration of L-fucose significantly
accelerated liver regeneration of the Fut8*/~ mice, but did not
affect sham mice (Figure 4a). Consistently, in contrast to the little
difference in the case of livers without 70% PH, immunostaining with
Ki67 showed the ratio of Ki67" to TO-PRO-3 iodide* cells in the
livers treated by PH were clearly increased after L-fucose
administration (Figure 4b and 4c). Moreover, as shown in
figure 4d and 4e, the phosphorylation levels of ERK and EGFR
were induced in Fut8*/~ mice after PH. Furthermore, the L-fucose
administration up-regulated their phosphorylation levels, although
there was no significant difference between the mice treated with or
without L-fucose by statistical analysis. These results further suggest
that Fut8 and its products are important for cell proliferation in liver
regeneration.

The intracellular signaling was inhibited in the Fut8™'~ primary
hepatocytes upon stimulation with EGF or HGF. The EGF and
HGF are major mitogens for hepatocytes in the regenerating liver.
Lacking EGFR or c-Met in mice resulted in the liver regeneration
abnormalities®**. To determine whether the delayed liver recovery
in the Fut8~/~ mice is due to the impaired EGFR and/or c-Met
signaling, we tested the expression levels of the key effectors in
these signaling pathways. As shown in Figure 5a and b, although c-
Met and EGFR associated signaling pathways were activated in both
Fut8*'* and Fut8'~ mice 2 days post PH, the levels of
phosphorylated c-Met (Tyr1234/5) and EGFR (Tyrl068) in
Fut8™'~ mice were obviously lower than that in Fut8*'* mice.
These results indicated that loss of Fut8 impaired EGFR and c-Met
associated signaling during liver regeneration.

To further corroborate the results above in vitro, we examined the
downstream signaling cascades of EGF or HGF using the primary
hepatocytes isolated from Fut8*/* and Fut8™'~ mice. Consistently,
the treatments with EGF or HGF significantly increased the express-
ion levels of phosphorylated ERK and AKT in the Fut8*/* cells.
However, these increases were greatly suppressed in the Fut8 ™~ cells
(Figure 5d and e). The results above clearly demonstrated that the
impaired regeneration in Fut8~/~ livers was due, at least mainly, to
the down-regulated EGFR- and c-Met-mediated signalings in
hepatocytes.

Discussion
In the present study, we used a well-established regeneration model,
to investigate the functions of Fut8 in liver regeneration, and found
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