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Abstract

AIM: To investigate the role of human platelets in liver
fibrosis.

METHODS: Severe combined immunodeficiency
(SCID) mice were administered CCls+ and either phos-
phate-buffered saline (PBS group) or human platelet
transfusions (hPLT group). Concentrations of hepa-
tocyte growth factor (HGF), matrix metallopeptidases
(MMP)-9, and transforming growth factor-p (TGF-B)
in the liver tissue were compared between the PBS
and the hPLT groups by enzyme-linked immunosor-
bent assay (ELISA) and Western blotting. The effects
of a human platelet transfusion on liver fibrosis in-
cluded the fibrotic area, hydroxyproline content, and
a-smooth muscle actin (a-SMA) expression, which
were evaluated by picrosirius red staining, ELISA, and
immunohistochemical staining using an anti-mouse
o-SMA antibody, respectively. Phosphorylations of
mesenchymal-epithelial transition factor (Met) and
SMAD3, downstream signals of HGF and TGF-B, were
compared between the two groups by Western blotting
and were quantified using densitometry. Hepatocyte
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apoptosis was evaluated by terminal deoxynucleotidyl
transferase dUTP nick end labeling. Furthermore, the
accumulation of human platelets in the liver 2 h after
platelet transfusion was compared between normal
and fibrotic livers by immunohistochemical staining us-
ing an anti-human CD41 antibody.

RESULTS: The fibrotic area and hydroxyproline con-
tent in the liver were both significantly lower in the
hPLT group when compared to the PBS group (fibrotic
area, 1.7% % 0.6% vs 2.5% %= 0.6%, P = 0.03; hy-
droxyproline content, 121 + 26 ng/g liver vs 156 %
47 ng/g liver, P = 0.04). There was less a-smooth
muscle actin staining in the hPLT group than in the
PBS group (0.5% =+ 0.1% vs 0.8% =+ 0.3%, P = 0.02).
Hepatic expression levels of mouse HGF and MMP-9
were significantly higher in the hPLT group than in the
PBS group (HGF, 109 + 13 ng/g liver vs 88 £ 22 ng/g
liver, P = 0.03; MMP-9, 113% =+ 7%/GAPDH vs 92% +
11%/GAPDH, P = 0.04). In contrast, the concentration
of mouse TGF-B in the liver tissue was significantly
lower in the hPLT group than in the PBS group (22 £ 5
ng/g liver vs 39 = 6 ng/g liver, P = 0.02). Phosphory-
lation of Met was more prevalent in the hPLT group
than in the PBS group (37% =+ 4%/GAPDH vs 20%
+ 8%/GAPDH, P = 0.03). Phosphorylation of SMAD3
was weaker in the hPLT group than in the PBS group
(60% + 12%/GAPDH vs 84% =+ 12%/GAPDH, P = 0.1),
although this difference was not significant. Further-
more, a lower rate of hepatocyte apoptosis was ob-
served in the hPLT group than in the PBS group (5.9%
+ 1.7% vs 2.9% = 2.1%, P = 0.02). Significant hu-
man platelet accumulation was observed in the fibrotic
liver tissues, whereas few platelets accumulated in the
normal liver.

CONCLUSION: Human platelets inhibit liver fibrosis
in SCID mice. Increased concentration of HGF in the
liver suppresses hepatic stellate cell activation, induces
MMPs, and inhibits hepatocyte apoptosis.
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Core tip: We assessed the effects of human platelet
transfusion on liver fibrosis. Severe combined immu-
nodeficiency (SCID) mice were administered CCls and
either phosphate-buffered saline or human platelets.
The effects of a human platelet transfusion on liver
fibrosis and hepatocyte apoptosis were compared. The
fibrotic area, hydroxyproline content, and a-smooth
muscle actin expression were decreased in mice that
received human platelet transfusions. Transfusion in-
creased mouse hepatocyte growth factor (HGF) and
matrix metallopeptidases (MMP)-9 levels in the liver
and decreased mouse transforming growth factor-p.
Furthermore, transfusion suppressed hepatocyte apop-
tosis. Human platelets inhibited liver fibrosis in SCID
mice. Increased concentration of HGF in the liver sup-
presses hepatic stellate cell activation, induces MMPs,
and inhibits hepatocyte apoptosis.
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INTRODUCTION

Chronic liver disease and liver cirrhosis are major causes
of morbidity and mortality worldwide. In chronic liver
disease, normal repair of hepatocyte damage and tissue
remodeling is lost, resulting in fibrosis and ultimately
cirrhosis, which leads to portal hypertension, hepatocel-
lular carcinoma, and lethal hepatic failure". The most

common etiological factors in chronic liver disease are
chronic hepatitis C virus infection, excessive alcohol
consumption, non-alcoholic fatty liver disease, and non-
alcoholic steatohepatitis. Liver transplantation is the only
curative approach, and specific treatments that stop pro-
gressive fibrosis are currently unavailable'’.

Liver fibrosis is characterized by the excessive pro-
duction and deposition of the extracellular matrix (ECM)
proteins, such as collagen, proteoglycans, fibronectins,
and hyaluronic acids”. Accumulation of the ECM re-
sults in remodeling of the hepatic structure. Among
the deposited ECM proteins, collagen type [ is a major
constituent, which is mainly produced by hepatic stel-
late cells (HSCs). Matrix metallopeptidases (MMPs) are
the key enzymes responsible for the degradation of all
protein components of the ECM™, Recently, it has been
reported that hepatocyte apoptosis in cirrhotic liver in-
duces HSC activation, which promotes liver fibrosis'".

Liver cirrhosis has traditionally been viewed as an
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irreversible state in which the normal hepatocellular
structures and organization are destroyed and fibrosis
is firmly established. However, several reports have op-
posed this conventional concept. Lang e# al” reported
that blocking transforming growth factor-f (TGF-B)
with small interference RNA suppressed HSC activation
and decreased liver fibrosis in mice. limuro ¢z @/ showed
that the delivery of MMP-1 attenuated established liver
fibrosis in rats. In recent years, platelets have been shown
to exert both anti-fibrotic and fibrolytic effects on the
liver™".

In this study, we transfused human platelets into
severe combined immunodeficiency (SCID) mice to ex-
amine the effects of human platelet transfusion on liver
fibrosis. This model was used for the following two rea-
sons: first, there is no direct evidence that human plate-
lets inhibit liver fibrosis. Second, because 7 vivo human
studies are difficult, xenotransfusion of human platelets
into SCID mice has been used to examine the functions
of human plateletsm’lz]. Using this model, we evaluated
the effects of human platelet transfusion on liver fibrosis
and hepatocyte apoptosis.

MATERIALS AND METHODS

Animals

Experiments were performed using 8-12-wk-old male
C.B-17/lct-scid/scid Jcl mice weighing 20-26 g (CLEA,
Tokyo, Japan). Mice were maintained in a temperature-
controlled room on a 12-h light-dark cycle with free ac-
cess to water and standard chow. After an acclimation
period of at least 7 d, mice were divided into two groups:
CCls plus phosphate-buffered saline (PBS) administration
(PBS group), and CCls plus human platelet transfusion
(hPLT group). All experiments complied with the Guide-
lines for the Care and Use of Laboratory Animals (Uni-
versity of Tsukuba).

Models for liver cirrhosis

To induce liver fibrosis, each mouse received an intraperi-
toneal injection of CCls (200 ul./kg body weight) in a 1:3
ratio with corn oil twice a week for 8 wk. PBS or concen-
trated human platelets was transfused once a week from
weeks 5 to 8. A 500-uL aliquot of PBS or concentrated
human platelets was injected into the retro-orbital vein
one day after the administration of CCls. Mice were sacti-
ficed 96 h after the final administration of PBS or human
platelet transfusion, and livers were removed and divided
into two samples; One liver section was fixed in 10%
buffered formalin for subsequent immunohistochemical
analysis, and the other section was snap-frozen in liquid
nitrogen and kept at -80 ‘C until use.

Transfusion preparations

Human whole blood was obtained from healthy volun-
teers. Platelet-rich plasma was obtained by centrifuging
anticoagulated blood containing acid-citrate-dextrose at a
1:4 volume ratio at 120 g for 10 min. Samples were then
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centrifuged at 1000 g for 15 min, and resuspended in ci-
trate buffer (120 mmol/L NaCl, 4.26 mmol/L. NaHPOs,
5.5 mmol/L glucose, 4.77 mmol/L sodium citrate, and
2.35 mmol/L citric acid at pH 6.5). Platelets were then
suspended in PBS and counted using a hematology ana-

lyzer (MICROS abe LLC-152; Horiba Ltd., Kyoto, Japan).

Transfusion conditions and flow cytometric analysis of
transfused platelets

To determine the number of cells for transfusion, 2.5 X 10,
5.0 X 10°%, or 10.0 X 10° of human platelets were trans-
fused into naive SCID mice, and the post-transfusion
percentage of transfused platelets was measured after 6
h (» = 3). We examined at 6 h because a 10% increase in
peripheral platelet count 6 h after platelet transfusion im-
proved liver function of the patients with liver cirrhosis
in our clinical study. Because it required approximately 15
mL of human whole blood to prepare 10.0 X 10° of hu-
man platelets, 10 X 10°/body weight was determined to
be the upper limit.

Peripheral blood was collected from the lateral tail
vein. Blood samples were incubated for 30 min with a
biotin-conjugated rat anti-mouse CD41 antibody (AbD
Serotec, Oxford, United Kingdom) that specifically de-
tected murine platelets. Samples were then washed in
platelet HEPES buffer (137 mmol/L NaCl, 2 mmol/L
KCl, 0.4 mmol/L NaH2PO4, 1 mmol/L MgClz, 5.6
mmol/L glucose at pH 7.4) containing 10% acid-citrate-
dextrose, and centrifuged at 500 g for 5 min. Superna-
tants were removed and the cells were resuspended in
platelet HEPES buffer containing 10% acid-citrate-dex-
trose. Samples were incubated with a FITC-conjugated
mouse anti-human CD41 antibody (Dako, Glostrup,
Denmark) that specifically detected human platelets and
streptavidin-phycoerythrin (PE)/Cy5 (Biolegend, San
Diego, CA, United States) for 30 min and then analyzed
using a flow cytometer (FACS Calibur, Becton Dick-
inson, Franklin Lakes, NJ, United States). The post-
transfusion percentage of human platelets was defined
as human platelets/(human platelets + murine platelets).

After 6 h, the post-transfusion percentages of human
platelets in naive mice that received 2.5 X 10%, 5.0 x 10°,
and 10.0 X 10° of human platelets were 0.6% £ 0.3%, 2.0%
t 1.6%, and 10.3% £ 1.4%, respectively (Figure 1). We
used 10.0 X 10° of human platelets for each mouse in this
study.

Platelet count and chemical parameters

Blood samples were collected at the time of sacrifice.
Platelet count was measured, and serum levels of aspa-
ratate aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin (T-Bil), albumin (Alb), and total cho-
lesterol (T-CHO) were measured and compared between
the PBS group and the hPLT group (Fuji Drichem; Fuji
Film Inc, Tokyo, Japan) (z = 8).

Histological examination
Liver samples were fixed in 10% buffered formalin, and
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stained with picrosirius red solution, and the liver fibrotic
area was quantified using the winROOF visual system
(Mitani Co., Tokyo, Japan) (7 = 8). In addition, specimens
were immunostained with an anti-a-smooth muscle actin
(SMA) antibody (Dako) and counterstained with hema-
toxylin. a-SMA expression was also quantified using the
winROOF visual system (Japan) (# = 6). To assess the he-
patocellular mitotic index, liver sections were stained with
hematoxylin and eosin, and the number of hepatocytes
undergoing mitosis was calculated. In addition, proliferat-
ing cell nuclear antigen (PCNA) staining was conducted
using a PCNA staining kit (Invitrogen Co., Catlsbad, CA,
United States). PCNA-positive hepatocytes and hepato-
cytes undergoing mitosis were counted in four randomly
selected high-power fields (X 200). Liver sections were
also incubated with terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) antibody (Promega
KK, Tokyo, Japan). TUNEL-positive hepatocytes were
counted in four randomly selected high-power fields (X
200) on each slide, and calculated as TUNEL-positive he-
patocytes/total hepatocytes (7 = 6).

Hepatocyte growth factor and TGF-3 levels in the liver tissue
An enzyme-linked immunosorbent assay (ELISA) kit
was used to measure mouse hepatocyte growth factor
(HGF) (Institute of Immunology Co., LTD, Tokyo, Ja-
pan) and mouse TGF-B (R and D Systems, Minneapolis,
MN, United States). ELISAs wete used to measute levels
of these proteins in 10% liver tissues lysates (7 = 8).

Detection of liver hydroxyproline content
Hydroxyproline content was determined as described
previouslym. Briefly, 50 mg liver samples were hydro-
lyzed in 6 mol/L HCl at 120 “C for 16 h. After centrifu-
gation, the supernatant was removed and neutralized
with 6 mol/L NaOH. The solution was oxidized with
Chloramine T (Sigma-Aldrich Corp., St Louis, MO,
United States) in acetate/citrate buffer, followed by the
addition of Ehrlich’s solution (p-dimethylamino-benzal-
dehyde in 60% HCI4 with isopropanol). The final mix-
ture was incubated at 60 ‘C for 30 min and then at room
temperature for 10 min. Absorbance was determined at
560 nm. The value of the hepatic hydroxyproline con-
centration was expressed as pg/ g wet tissue.

o-SMA and MMP-9 expression levels, and signal transduction
cascades

For Western blotting analysis, protein was obtained from
liver tissues lysates, separated using 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, and trans-
ferred to nitrocellulose membranes (Millipore, Bedford,
MA, United States). We used primary antibodies spe-
cific for a-SMA (Dako), MMP-9 (AB1916) (Chemicon
International, Temecula, CA, United States), phospho-
serine mesenchymal-epithelial transition factor (Met)
(3127), Met (3135S), phosphotyrosine SMAD3 (9529S),
SMAD?3 (9513), caspase-3 (9662), cleaved caspase-3 (9962),
Bcl-2 (2870), glyceraldehyde-3-phosphate dehydrogenase
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Figure 1 Transfusion conditions. The post-transfusion percentages of human platelets in naive mice receiving 2.5 x 10°, 5.0 x 10°, and 10.0 x 10° human platelets.
The post-transfusion percentage of human platelets was defined as human platelets/(human platelets + murine platelets). The post-transfusion percentages of human
platelets in mice receiving 2.5 x 10°, 5.0 x 10%, and 10.0 x 10° of human platelets were 0.6% + 0.3%, 2.0% + 1.6%, and 10.3% + 1.4%, respectively. n = 3 per group.
Data are expressed as the mean + SD. CD41-FITC: Cluster of differentiation 41-fluorescein isothiocyanate.
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Human platelets disappeared from the circulation at 96 h post-transfusion. n
= 3 per group. Data are expressed as the mean + SD; B: Peripheral platelet
counts. The peripheral platelet count was significantly higher in the human
platelet transfusions group than in the phosphate-buffered saline group. n = 8
per group. Data are expressed as the mean + SD. *P < 0.05 using an unpaired
t-test. PBS: Phosphate-buffered saline; hPLT: Human platelet transfusions.

(GAPDH) (2118), and B-actin (4970) (Cell Signaling
Technology, Beverly, MA, United States) and secondary
mouse or rabbit antibodies conjugated with horseradish
peroxidase (Invitrogen Co.). Immunoblots were analyzed
using an enhanced chemiluminescence system. Protein
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band densities were quantified using densitometry. Band
intensities were normalized to those of GAPDH, cas-

pase-3, Met, or SMAD3 (# = 3).

Immunohistochemistry for human platelets
Human platelets were transfused to SCID mice with
normal or fibrotic livers, and accumulation of the trans-
fused human platelets in the liver 2 h after transfusion
was measured and compared between the two groups.
Immunofluorescence staining was performed on 5
pum thick sections of tissue that had been fixed in 4%
paraformaldehyde, immersed in OCT compound, and
incubated with FITC-conjugated anti-human CD41 an-
tibody (Dako). Stained sections were examined under a
confocal laser-scanning microscope (BZ-9000, Keyence

Co., Tokyo, Japan).

Statistical analysis

All data are expressed as means £ SD. Unpaired #tests
were used to compare two groups. P values < 0.05 were
considered significant.

RESULTS

The post-transfusion ratio of human platelets and peripheral
platelet counts

Human platelets disappeared from the peripheral blood
96 h after transfusion (Figure 2A). The peripheral plate-
let counts at the time of sactifice, Ze., 96 h after transfu-
sion, were significantly higher in the hPLT group than in
the PBS group (P < 0.05) (Figure 2B).

Liver/body weight ratio, PCNA labeling index, mitotic
index, and spleen/body weight ratio

There were no significant differences in the liver/body
weight ratio, PCNA index, mitotic index, and spleen/body
weight ratio between the hPLT and PBS groups (Table 1).

Serum AST, ALT, T-bil, Alb, and T-CHO concentrations

There were no significant differences in the serum AST,
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Table 1 Liver regeneration indices and spleen/body weight ratios, serum asparatate aminotransferase, alanine aminotransferase, total

bilirubin, albumin, and total cholesterol concentrations

Liver/body PCNA labeling Mitotic index  Spleen/body  AST (U/mL) ALT (U/mL) T-bil (mg/mL) Alb (g/mL) T-CHO (g/mL)
weight ratio index (/HPF) (/HPF) weight ratio
PBS 6.2% £0.5% 21+£09 0.6+0.3 0.23% +0.04% 50 + 21 122 + 56 1.0+£0.2 3.0£1.0 778154
hPLT 6.7% £ 0.5% 24+09 0.6+0.5 0.24% +0.05% 50+15 104 + 64 0.8+0.2 3.0+£15 82.7 £ 4.4°

n =8 per group. "P < 0.05 for the human platelet transfusions (hPLT) group vs the phosphate-buffered saline (PBS) group. PCNA: Proliferating cell antigen;
HPF: High-power field; AST: Asparatate aminotransferase; ALT: Alanine aminotransferase; T-bil: Total bilirubin; Alb: Albumin; T-CHO: Total cholesterol.
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50 pm

Figure 3 Fibrotic index and hydroxyproline contents. A: The fibrotic index, which was calculated based on the area stained by picrosirius red solution, was signifi-
cantly lower in the human platelet transfusions (hPLT group) group than in the phosphate-buffered saline (PBS) group; B: The hydroxyproline content in the liver tissue

was significantly lower in the hPLT group than in the PBS group. n = 8 per group.

T-bil, and Alb levels between the PBS and hPLT groups.
Despite the lack of statistically significant differences,
there was a tendency for the serum ALT level to be
lower in the hPLT group than in the PBS group (P = 0.3).
The serum T-CHO level was significantly higher in the
hPLT group than in the PBS group (P < 0.05) (Table 1).

Fibrotic index and liver hydroxyproline content

The fibrotic index, which was calculated based on the
arca stained with picrosirius red solution, was signifi-
cantly lower in the hPLT group than in the PBS group (P
< 0.05) (Figure 3A). In addition, the liver hydroxyproline
content was significantly lower in the hPLT group than
in the PBS group (P < 0.05) (Figure 3B).

o-SMA and TUNEL stainings and MMP-9, Bcl-2, caspase-3,
and cleaved caspase-3 expression levels
There was less a-SMA staining in the hPLT group com-
pared to the PBS group (Figure 4A and B). TUNEL
staining revealed only a few apoptotic cells in the hPLT
group, whereas several apoptotic hepatocytes were ob-
served in the PBS group (Figure 4C and D). a-SMA ex-
pression calculated based on the area stained by anti-o-
SMA antibody and TUNEL positive hepatocytes/total
hepatocytes were significantly lower in the hPLT group
than in the PBS group (both P < 0.05) (Figure 4E).
MMP-9 expression was significantly higher in the
hPLT group than in the PBS group (P < 0.05) (Figure
4F and G). Cleaved caspase-3 expression was signifi-
cantly lower in the hPLT group than in the PBS group (P
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< 0.05), whereas Bcl-2 was more robustly expressed in
the hPLT group as compared to the PBS group (P < 0.01)
(Figure 4F and G).

Mouse HGF and TGF-3 levels in the liver tissues and
cellular signal transduction
Expression of mouse HGF in the liver tissue was signifi-
cantly higher in the hPLT group than in the PBS group (P
< 0.05) (Figure 5A). The concentration of mouse TGF-f
was significantly lower in the liver tissues of the hPLT
group than in the PBS group (P < 0.05) (Figure 5B).
There was increased Met phosphorylation in the hPLT
group compared to the PBS group (P < 0.05) (Figure 5C
and D). Although the difference was not statistically sig-
nificant, SMAD3 phosphorylation was lower in the hPLT
group than in the PBS group (P = 0.1) (Figure 5C and D).

Accumulation of human platelets in the liver

Significant human platelet accumulation in the liver was
observed in the fibrotic liver tissues, whereas fewer plate-
lets accumulated in the normal liver (Figure 6).

DISCUSSION

We demonstrated that human platelets suppressed liver
fibrosis in SCID mice. It was suspected that these anti-fi-
brotic effects were due to an increased concentration of
HGEF in the liver, resulting in decreased TGF-B concentra-
tions and increased MMP-9 levels. Furthermore, inhibition
of hepatocyte apoptosis by HGF may have suppressed
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Figure 4 o-smooth muscle actin and TUNEL staining. Matrix metalloproteinase-9 (MMP-9), Bcl-2, caspase-3, cleaved caspase-3 expression levels. A, B: Im-
munostaining of a-smooth muscle actin (a-SMA) in the phosphate-buffered saline (PBS group) or human platelet transfusions (hPLT group). The a.-SMA staining
was less robust in the hPLT group than in the PBS group; C, D: Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining in the PBS and
hPLT groups. Few apoptotic cells were observed in the hPLT group, whereas several apoptotic hepatocytes were observed in the PBS group; E: a-SMA expression
calculated based on the area stained by anti-o.-SMA antibody and TUNEL-positive hepatocytes/total hepatocytes in the PBS and hPLT groups. n = 6 per group. Data
are expressed as the mean + SD. °P < 0.05 using an unpaired t-test. a.-SMA expression and the number of apoptotic hepatocytes in the hPLT group were lower than
those in the PBS group; F: a-SMA, MMP-9, Bcl-2, caspase-3, and cleaved caspase-3 expression levels assessed with Western blotting. o-SMA and cleaved cas-
pase-3 expression levels were less intense in the hPLT group than in the PBS group, whereas MMP-9 and Bcl-2 expression levels were stronger in the hPLT group
than in the PBS group; G: MMP-9, Bcl-2, and cleaved caspase-3 expression levels were quantified using densitometry. n = 3 per group. Data are expressed as the
means + SD. °P < 0.05 and °P < 0.01 using an unpaired t-test. MMP-9 and Bcl-2 expression levels were significantly higher in the hPLT group than in the PBS group,
whereas cleaved caspase-3 expression was significantly lower in the hPLT group than in the PBS group. Bcl-2: B-cell lymphoma-2.
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statistically significant, phosphorylation of SMAD3 tended to be lower in the hPLT group than in the PBS group.

Figure 6 Accumulation of transfused human platelets in the liver. A: Normal liver; B: Fibrotic liver. Inmunostaining images obtained using anti-human CD41 anti-
body 2 h after transfusion. Significant human platelet accumulation in the liver was observed in the fibrotic liver, whereas few platelets accumulated in the normal liver.

HSC activation, resulting in decreased fibrotic changes.
These results, together with recent reports showing that
platelets contribute to liver regenerationm’wz”, suggest
that platelet increment therapy, such as thrombopoietin
administration and platelet transfusions, may provide
new clinical approaches for the treatment of liver dis-
eases.

Platelets contain three types of secretory granules,
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notably q-granules, dense-granules, and lysosomal
granules[zzl. Each granule contains growth factors, such
as platelet-derived growth factor (PDGF), insulin-like
growth factor-1 (IGF-1), HGF, vascular endothelial
growth factor, serotonin, ATP, and epidermal growth fac-
tor, among others™. The granule constituents of plate-
lets exhibit species differences, e., although rodent plate-
lets contain a large amount of HGF"* human platelets
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do not™. Platelets accumulate in the liver in response to
various conditions, such as ischemia and reperfusionm],
cirthosis”™, cholestasis””, and viral hepatitis[zs]. Although
most studies have evaluated platelets as promoters of
inflammatory responses and liver injury[zs’Z()’ZS], recent sci-
entific’>"*"” and clinical data®"*"! have revealed additional
and different roles for platelets in the liver. We previously
showed that platelets accelerate liver regeneration through
three different mechanisms: a direct effect on hepato-
cytes'™ a cooperative effect with liver sinusoidal en-
dothelial cells"”, and a collaborative effect with Kupffer
cells"?, Furthermore, platelets are reported to have anti-
fibrotic and fibrolytic effects on the liver""". We have
indicated that thrombopoietin-induced thrombocytosis
attenuated fibrotic changes in rodents”™. Kodama ez a/”
reported that platelets exert an anti-fibrotic role by sup-
pressing collagen type [ expression via the HGF/Met
signaling pathway. lkeda ez al'” demonstrated that human
platelet-derived ATP suppressed the activation of HSCs
through the adenosine-cyclic 5’-adenosine monophos-
phate signaling pathway. In addition, Maruyama ef a/”
reported that platelet transfusion once a week for 12 wk
decreased serum hyaluronic acid concentrations, a fibrot-
ic marker, in chronic hepatitis patients with Child-Pugh
class A or B. In the present study, human platelet transfu-
sion inhibited liver fibrosis in SCID mice. The elevated
peripheral platelet counts and the higher serum T-CHO
concentrations after transfusion were consequences
of reduced liver citrhosis. Furthermore, the increased
number of platelets that accumulated in the fibrotic liver
implied that transfused platelets accumulation was in-
duced in the fibrotic liver and released biologically-active
substances, such as ATP, which directly suppresses HSC
activation and decreases fibrosis'”

HSCs undergo a complex transformation and acti-
vation process during which the cells morphologically
change from quiescent oval-shaped cells to activated
spindle-shaped cells. The activation of HSCs correlates
with a-SMA expression™”. TGF-p is produced by HSCs
and Kupffer cells and is recognized as the main pro-fi-
brogenic mediator that triggers HSC activation. Hepatic
TGF-B concentrations have been shown to be increased
among patients with liver cirrthosis™. The effects of
TGF-B are mediated by intracellular signaling via SMAD
proteins, which modulate the transcription of target
genes"”, Following ligand binding to the TGF-p type 1I
receptors, the TGF-B type I receptor becomes activated.
SMAD?3 proteins associate with the activated receptor
and become phosphorylated, allowing the formation of
oligomeric complexes with SMAD4. This heterotrimeric
complex translocates into the nucleus and binds to spe-
cific nucleotide motifs to regulate transcription of target
genes such as COL7.A2, which encodes the collagen
a-2 (1) chain in HSCs"™. In the present study, although
there were no significant differences in the liver/body
weight ratio, spleen/body ratio, and liver regeneration
indexes, fibrogenic markers such as the fibrotic index,
hydroxyproline content, and expression of o-SMA were
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decreased upon human platelet transfusion. In addi-
tion, TGF-B concentration decreased with subsequent
suppression of SMAD3 phosphorylation after platelet
transfusion. These results indicated that human platelet
transfusion might have suppressed liver fibrosis by re-
ducing the TGF-fB concentration in the liver.

HGEF is predominantly produced by Kupffer cells™.
HGF is known for its major roles in liver development
and regeneration by exerting mitogenic and morphogenic
effects on hepatocytes. After HGF binds to Met, Met is
phosphorylated and intracellular adapter proteins acti-
vate distinct intracellular signals, such as the PI3K, Ras,
and ERK pathways, and execute pro-mitogenic and anti-
apoptotic functions™. HGF contributes to the resolu-
tion of fibrosis by regulating TGF-B and MMP levels™.
Giebeler ¢ al™ reported that hepatocyte-specific Met
knockout mice exhibited increased expression of TGF-,
a-SMA, and collagen-1q, messenger RNA, and enhanced
collagen fiber staining, Kanemura ez al™ reported that
up-regulated HGF expression after human HGF gene
delivery induced higher MMP activities. In the present
study, the mouse HGF concentration in the liver tissue
was elevated after human platelet transfusion. Because
human platelets do not contain significant amounts of
HGF™ it was suspected that the expression of HGF in
the liver might be elevated because of enhanced release
from Kupffer cells or an increased amount of mouse
platelet accumulation in the liver, leading to a reduction in
the TGF-B concentration and attenuated HSC activation.
Furthermore, HGIF might have enhanced the production
of MMP-9, which promotes fibrinolysis in the liver.

In recent years, liver fibrosis has been considered to be
associated with hepatocyte apoptosisw. Hepatic fibrosis
was shown to be significantly reduced when Fas-mediated
apoptosis was impaired or when caspases were inhib-
ited”™. Moreover, persistent hepatocyte apoptosis has
been shown to lead to liver fibrosis due to hepatocyte dis-
ruption of Bel-xI.™, Engulfment of apoptotic bodies by
Kupffer cells has been demonstrated to promote TGF-§3
production, and phagocytosis of apoptotic bodies by
HSCs leads to their activation and increased production of
TGF-p and collagen type I . Hisakura ez al™ reported that
platelets protect against hepatocyte apoptosis and induce
immediate activation of the Akt pathway, followed by an
increase in Bcl-xIL and a decrease in cleaved caspase-3 in
hepatocytes. In the present study, hepatocyte apoptosis
and expression of cleaved caspase-3 were suppressed and
Bcl-2, an inhibitor of caspase-3, was increased by human
platelet transfusion. It was hypothesized that inhibition
of apoptosis by human platelet transfusion might help
suppress liver fibrosis. Specifically, because HGF has an
anti-apoptotic effect™, elevated HGF levels may contrib-
ute to the inhabitation of hepatocyte apoptosis.

However, several questions remain. First, there are
several types of growth factors in platelets that exert
pro-fibrotic or anti-fibrotic effects. For example, platelet-
derived chemokine ligand 4% and PDGF"" induce
HSC activation, whereas ATP"" and IGF-1* suppress
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HSC activation. It is difficult to explain the pro-fibrotic
or anti-fibrotic effects by one or two substances within
platelets. In addition, there are many cell types in the
liver, such as hepatocytes, Kupffer cells, HSCs, and liver
sinusoidal endothelial cells, that are involved in liver
fibrogenesis. Therefore, it is important to view these
results from a comprehensive perspective. Second, in
this study, there were no differences in liver regeneration
between the PBS and hPLT groups, which differed from
our previous studym. It has been reported that a higher
dose of CCls is necessary to induce liver fibrosis in
SCID mice compared to wild-type mice™. In this study,
the degree of liver fibrosis was reduced compared to the
previous study. The reduced fibrosis in the current mod-
el may have contributed to the low PCNA labeling index
and hepatocyte mitosis in the hPLT group. Furthermore,
in our previous study, we induced thrombocytosis us-
ing thrombopoietin, which resulted in higher peripheral
platelet counts than those observed in this study. These
differences in the degree of fibrosis and peripheral plate-
let counts may underlie the discrepancies in the results
related to the requirement for the hepatocyte cell cycle
and mitosis. Third, HGF and TGF-f are both produced
by Kupffer cells, and the discrepancy in the dynamics of
these growth factors was not clear. Because TGF-f is
also produced by HSCs, it is possible that the increased
HGEF levels resulting from human platelet transfusion
mainly suppressed HSC activity and down-regulated
TGF-B expression in the liver. Fourth, although there
was a significant difference in hepatocyte apoptosis as
evaluated by TUNEL staining, serum AST and ALT
concentrations were not significantly different. In our
fibrosis model using CCls with this duration and dose, it
was difficult to induce strong fibrosis and apoptosis of
hepatocytes in SCID mice. Despite statistically signifi-
cant differences in the number of apoptotic hepatocytes
between the PBS and hPLT groups, the difference was
small considering the damage to the entire liver. There-
fore, the damage did not reflect the serum AST and ALT
concentrations.

ACKNOWLEDGMENTS

The authors thank Dr. Kozuma Y (Department of Med-
ical Science, University of Tsukuba) for his support in
flow cytometric analysis and Ms. Takahashi A (Depart-
ment of Surgery, University of Tsukuba) for her support
in Western blotting,

COMMENTS

Background

Liver cirrhosis is the ultimate stage of liver fibrosis, and there are currently no
specific treatments that inhibit progressive fibrosis. Hepatocyte growth factor
(HGF) helps resolve fibrosis by regulating transforming growth factor-3 (TGF-),
matrix metallopeptidases (MMPs), and hepatocyte apoptosis.

Research frontiers

Platelets have been conventionally regarded as an exacerbating factor to in-
flammatory response and injury in the liver. However, recent studies have dem-
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onstrated the role of platelets in promoting liver regeneration, improving liver
fibrosis, and attenuating hepatitis. In this study, authors assessed the effects of
human platelet transfusion on liver fibrosis.

Innovations and breakthroughs

Platelets contain three types of secretory granules: o-granules, dense-granules,
and lysosomal granules. Each granule contains growth factors. The granule
constituents of platelets exhibit species differences, i.e., human platelets do not
contain significant amounts of HGF. This is the first study to show that human
platelets have a role in suppressing liver fibrosis.

Applications

By demonstrating that human platelets suppress liver fibrosis, this study repre-
sents a potential future strategy for platelet therapy in the treatment of patients
with liver cirrhosis.

Terminology

HGF is known for its major roles in liver development and regeneration. After
HGF binds to mesenchymal-epithelial transition factor (Met), Met is phosphory-
lated, and intracellular adapter proteins activate distinct intracellular signals, and
execute pro-mitogenic and anti-apoptotic functions. HGF is known to contribute
to the resolution of fibrosis by regulating TGF-B and MMP levels.

Peer review
The authors examined the role of human platelets on liver fibrosis. It was re-
vealed that increased concentrations of HGF in the liver suppressed hepatic
stellate cell activation, induced MMPs, and inhibited hepatocyte apoptosis. The
results are interesting and may provide new clinical approaches for the treatment
of liver cirrhosis.
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