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represent a subpopulation of oval cells negative for typical oval cell markers such as
alpha-fetoprotein, biliary-type cytokeratins albumin, and also negative for leukocyte
common antigen (CD45) and desmin. Because this pattern of cellular reaction
was more prominent in models of periportal injury, rather than the more typical
centrilobular APAP injury, it suggests that they may be related to hepatobiliary
regeneration when the canal of Hering stem cell niche is disrupted or obliterated
along with the destruction of the periportal hepatocytes [147].

I Liver Stem/Progenitors Cells and Cell Therapy

In spite of the extensive regenerative capacity of the liver against diverse types of
injuries, alternative methodologies to treat end-stage liver diseases are still urgently
needed. Liver transplantation is the standard of care for end-stage liver disease and
many liver-based metabolic conditions. Techniques involve whole organ replace-
ment, split or reduced donor liver, and auxiliary liver transplantation. However,
transplantation has serious limitations, such as donor scarcity, immunologic
incompatibilities, high cost, significant morbidity and mortality associated with the
procedure, and death while waiting for the transplant [148]. Furthermore, consid-
erable long-term side effects have been reported [149-152]. Hepatocyte trans-
plantation (HT) was thought to be a promising alternative to orthotopic liver
transplantation (OLT) for treating liver-based inborn errors of metabolism where the
aim is to replace a single deficient enzyme or its product [153-156]. The aim of this
kind of procedure is to maintain liver function while the patient awaits OLT or until
regeneration of the native liver occurs. The procedure is less invasive than OLT and
can be performed repeatedly. The number of cells transplanted usually represents
approximately 5% of theoretic liver mass, and either fresh or cryopreserved cells
have been used. The safety of the procedure has been well established, and the
clinical results are encouraging with clear improvement in disease phenotype.
However, cell function often declines after about 9 months with the result that
patients then undergo OLT. Problems with immunosuppression and rejection may be
an important factor. Intraportal injection is the main cell delivery route for clinical
HT with the portal venous system accessed by percutaneous transhepatic puncture or
inferior mesenteric vein catheterization [157]. However, mature hepatocyte trans-
plantation has been performed for more than 15 years in humans and there is still
lack of evidence of success and reproducibility in large scale [158,159]. The main
problems related to this approach are the fact that these harvested cells normally do
not show optimal condition as well as the lack of standardized protocols to assess the
cell’s quality, the low proliferation/engraftment rate, the poor cell viability after
cryopreservation methods, and the lack of hepatic metabolic functions after routine
culture [160-162]. Moreover, it is known that mature hepatocytes exhibit increased
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rates of polyploidy that contribute to proliferation decrease and cell senescence.
Furthermore the latter events might presumably impair the regenerative capacity of
these cells [163,164]. On the other hand, extrahepatic stem cells have been
exhaustively tested. Stem cells obtained from different tissues (i.e., fetal annex,
adipose tissue, bone marrow) have been successfully utilized in diverse settings of
experimental chronic liver diseases [165-169].

A number of animal studies show that adult bone marrow cells could be applied
to therapeutic purposes in certain liver diseases. Transplantation of adult bone
marrow stem cells (BMSCs), either the mononuclear/hematopoietic cell fraction or
mesenchymal stem cells, has therapeutic effects of restoration of liver function and
mass, alleviation of fibrosis, and correction of inherited liver diseases. Although
some controversial issues exist in relation to the results obtained by the different
groups, mainly in relation with the beneficial effect on fibrosis, the restoration of
liver function is evident in almost all animal studies [165,168,170,171-174]. Some of
the discrepancies are thought to lie either in the differences between the experimental
protocols or in the techniques employed to validate the effects [170].

Other sources of extrahepatic stem cells, such as embryonic stem cells and
umbilical cord blood cells, have been tested and have demonstrated a potential for
hepatic repopulation [166,170]. However, because of the ethics controversy and
source shortages, their availability is limited. Therefore, BMSCs have unique
advantages over other stem cell sources, particularly those BMSCs from the autol-
ogous source.

It must be noticed that the high prevalence of chronic liver disease and the
increased number of patients reaching end-stage disease and requiring OLT may lead
to a shortage of donor livers. This clinical scenario has driven forward a number of
trials of autologous stem cell therapy. Cell therapy has several potential advantages
when compared to OLT, because transplantable cells can be expanded in vitro and
cryopreserved, genetically manipulated to correct inborn errors of metabolism,
cryopreserved for future use and infused without major surgery, or obtained from the
same patient, thereby avoiding risk of rejection and the need for lifelong immune-
suppression.

Many of the clinical trials for liver diseases are still pilot studies and are therefore
unrandomized and uncontrolled, but they show some interesting results. Studies from
Terai and colleagues (2012) in Japan and Lyra and collaborators (2007) have
confirmed the safety and efficacy of autologous bone marrow cell infusion (ABMi)
therapy applied to patients with liver cirrhosis [175,176].

Terai and Sakaida, (2003) et al. have developed an in vivo murine model (the
green fluorescent protein (GFP)/carbon tetrachloride (CCly) model) and reported
that GFP-positive bone marrow cells infused via a tail vein (peripheral vein) effi-
ciently repopulated cirrhotic liver. Repopulated bone marrow cells ameliorated liver
fibrosis through higher expression of matrix metalloproteinase-9, consistent with



improved liver functions and survival rate [165,177]. They also confirmed that the
number of A6-positive cells in GFP-positive bone marrow cell infused livers
increased, suggesting the activation of the HPC compartment by the bone marrow
cell infusion [170]. Based on these findings, they started a clinical trial using
autologous bone marrow cell infusion (ABMi) therapy for decompensated liver
cirrhotic patients. As a result, at 6 months after ABMi, the average levels of serum
albumin and Child-Pugh score significantly improved in nine patients (hepatitis B
virus—related: three cases, hepatitis C virus—related: five cases, unknown: one case).
The average proliferating cell nuclear antigen (PCNA)-labeling index also
increased in biopsied livers after ABMi, suggesting induced proliferation of resi-
dent hepatocytes by ABMi [178]. In addition, Kim et al. confirmed that ABMi
improved serum albumin levels, Child-Pugh score, liver volume measured by
abdominal magnetic resonance imaging (MRI), and accumulation of ascites in 10
patients with hepatitis B virus—related decompensated liver cirrhosis, and histologic
observations of liver biopsies taken over time showed increased CK-7 positive cells
after ABMi, suggesting the possibility of HPC activation as the underlying
mechanism [171].

In this scenario, studies focusing on intrahepatic stem/progenitors cells have
shown promising results to overcome the present limitations. Because they are able
to proliferate and give rise to hepatocytes and cholangiocytes [164,184], liver stem/
progenitor cells could make a better choice for long-term repopulation and sus-
tained metabolic activity as well as an efficient alternative for treating liver
disorders.

Tanimizu et al. showed that Dlk-1 (delta-likel, a cell surface transmembrane
protein highly expressed in human and rodent fetal liver, but not in the adult) is
useful for enriching a progenitor population harvested from fetal liver. They
described culture condition standardization for these cells (which they called hep-
atoblasts by their characteristic AFP expression), evidencing the important role of
extracellular matrix proteins for cell behavior. Furthermore, they proved successful
engraftment of Dlk+ cells harvested from GFP+ mice in recipient damaged livers
[179,180]. In accordance with Tanamizu’s reports, Oertel et al. also isolated Dlk-1+
cells from fetal liver and injected them in hepatectomized rats. These cells (but not
DIlk-1— cells) were able to repopulate damaged liver [181].

Likewise, aiming at future clinical applications, Weiss et al. isolated Thy-1/
CD90+ cells from human adult liver and transplanted them into immunodeficient
mice. The group was able to verify engraftment and human hepatic marker
production [182]. It is important to note that the Thy-1 (CD90) marker is absent in
DIk-1+ cells, as previously reported by Oertel M et al. [183].

Another recent and interesting study discussed other advantages of the hepatic
stem/progenitor cells for future use in therapy. Steatotic livers, discarded for
orthotopic liver transplantation, could be a good source of large number of these
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cells [184]. In this study, Tolosa et al. used EpCAM, Thy-1, and OV-6 markers to
select cells from both human and rat livers and verified significant proliferation of
these cells. The group suggests that steatotic liver could be used to isolate stem/
progenitor liver cells and transplant them in large scale. EpCAM has proved to be an
important marker of stem/progenitor liver cells. It was demonstrated that purified
EpCAM+/AFP— cells from fetal and postnatal livers are able to engraft the livers of
immunodeficient adult mice and give rise to mature human liver parenchymal cells.
Interestingly, these cells showed multipotencity and self-renewal [121].

In 2008, McClelland et al. demonstrated that the use of differential culture
conditions can successfully isolate HpSCs, but not hepatoblasts, their immediate
descendants, which died after few days. The tools used to differentiate them were
size (HpSCs ~ 7 to 9 wm; HBs ~10 to 12 um), morphology (HpSCs have high
nucleus/cytoplasm ratio; HBs produce colonies with cordlike morphology), and
markers (HBs express AFP and ICAM-1, but not NCAM or claudin 3). Furthermore,
they identified high telomerase activity in their HpSC cultures, suggesting self-
replication and proliferation [185].

More recently, new advances were achieved in understanding the relationship
between HpSCs and their niche [184,185]. Wang et al. elicited the relationship among
HpSCs [140] (EpCAM+/NCAM+) and their neighbors (angioblasts, endothelial and
stellate cells) and focused on the paracrine signals, in particular those elicited by the
ECM components able to regulate the parenchymal lineage stages. Co-culture of the
hHpSCs with the different subpopulations of mesenchymal cells elicited distinct
biologic responses. The hHpSCs co-cultured with angioblasts resulted in the main-
tenance of stem cell phenotype, whereas the co-culture of hHpSCs with endothelia
and precursors of stellate cells led to hepatoblasts. Moreover, the most extensive effect
on differentiation was found in the culture conditions that produced the highest levels
of heparan sulfate proteoglycans and was also correlated with tri-dimensionality, the
ratio of type I collagen to other collagen types, the ratio of fibronectin to laminin
isoforms, the presence of proteoglycans with moderate to high levels of sulfation such
as HS-PGs isoforms, and the rigidity of the hydrogels.

Yet another relevant clinical approach was proposed: the use of tissue scaffolds to
seed stem cells. The main goal of this approach is to load cells onto a synthetic or
natural three-dimensional scaffold in order to induce hepatic differentiation with
enhanced cell viability, proliferation, and function before transplantation [186]. This
methodology, however, needs more long-term studies to verify feasibility and efficacy.

We conclude that the use of liver stem cells in clinical practice still faces
obstacles. It is necessary to identify good markers to isolate the appropriate cell
fractions. Moreover, methodologies to maintain and expand these cells in culture
have to be developed. But these hurdles do not diminish the excitement about the
future use of HpSCs to reduce the suffering of patients waiting for liver
transplantation.
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YR, MEAREORIEICMAT, 2E¥Fy - 7
07 7Y~ LEBEEN Uy NS REFET S
LItk D, YAP/TAZ O¥RE% 4 5.

3) EiRHEsF

PiEF F—¥h 27— Rix, fila-fiakEiicBEs

T3 LmHEMs FIc k0EELLENS, vavyYaun

IIEBWCE, BEDTFTHB 70 b FAY v DFat
BREUL 73 b4 FAY > TH2 Ds (Dachsous) & D
BEZNLUT, Hippor 7L z2ERl3w3s, £/,
flaROES L LI X DR I NG LR I B
7 %E|% 879 Crb (Crumbs) % Hippo &7 F L D&
HcHF ST 2. FatBXUCrb W I bR
15428278 T %5 Bx (Expanded), Mer (Merlin),
Kibra (kidney and brain expressed protein) 2 X3
BHEABENLT, X F—EHAT — FREELSE
BEEZLNTNS,

—%, WEEYTIE, Fat OB ES Tz,
ExD&ET 7 TH 5 FRMD6  Mer, Kibra DR E %
FENTED, YavYaINIEilRicInsols

|Q



PGS F—E AT - FOLERIMNEBET 2225
nTns,
4) ZOBOFBRTF

FEOERSF S, Hippo & 7 F L OHl#ES T
BRLEFSPIHBEOTETNS, ¥adPaIyNIT
%, RastE& &> /82ETH3dRASSF (Ras associa-
tion domain family) °Lim F XA > % V75 dJuba
25, XY OEEZHEIET 3, BAESYICBNT
b, TNFNDHFERTTHBRASSF7 7S V—0F
& Ajuba s, BELIOBEZEL T3, 50, HALE
YT, EESTTHBCDA4R, iskEScEES T
2a-#5 = &0 Angiomotin 7 £73, Hippo v 7'
NWEHHT 3 Z EBF6NTNS,

3. ik

YKi/YAP/TAZ 13 Sd/TEAD1~4 7% E %A LT, Mg
BEBLIUOA7 R RACEET2EETFOREERS
B3, 0Dk, Hippo ¥ 7 FNVOEESTEST 2 &,
Yki/YAP/TAZ OB IIHI S 1, MEEEOELES7
Rh—C2OFEENETCS, DLSIC, Hippor 7+
Vi, BECBI2MEEERET2ETHREY AR

EHEELTWE . o5, MIEEEORIEE TR,
&4 OB LRI B0 M LHE LS TR D, Bk
EPBREOHRLHECBVWTHERELBREZRAELT
W3,

Hippo ¥ 7 ik, #EMakKTH SN2 Bt
(contact inhibition) IEET2ZEbHMENT NS,
BibilANE, MRER L oBHc X DIRaOEREIME IR
BHREFTHD, PAMUTMBRTEASNIENI E»
o, BEIHBEO I DLLTEISNTNS, AT,
Hippo ¥ 7+ VOBHEEFIEREHIZRELZYay
TaUuNIRIYRATHE, HIEDOEEHENEUCTHEISA
IZE 2 Z &5, Hippo & 7 VIZEEIES 7 Vg
ERRELUTHDEBEL TS ZESHLPELEOTNS,
EEIZ, & hODASEFNIZ BT Hippo & 7 F VOB
PEHELZEDONTVWS,

BEXH

€ THippo pathwayy (%8, {-RHEsE/E), METE, 30 (9),
FiE4t, 2011

€ Pan, D. : Dev. Cell, 19 : 491-505, 2010

4 Halder, G. & Johnson, R. L. : Development, 138 : 9-22,
2011

_71_



3857 FH R

HASIE A i

_72...



E 3

EhEER I NINERURMKRE | # S HNKREEREN
%MM%%%%&% EELEEEE MEELEE TR
Ry k= s nefgEgpiarEghaEguEa ®X
ERNNERSCHHKKERSHERE@E € # & W2 - D §
PERRDERN<BEHHHESE I DREN S &F ST H# ®
£ R | MR E | 8BS R EE B R
K= T osneg ek groRagfamermS
KERNEEHTHKKKESRESNE - R EY® X 0§
) SHEESEEHBESMEBE T | KBS ERERERA
£H HEzHxrermzs B Igpzp@€a o <Ew
Kecs¥paqmecesR o Bgomamy®s®wss
P ENRER YK KKESHERR GBS S8 2 Ed
2 AL ENECSER I NKRERSITEDAKS X XK | £
g kx| EEK%AHE EE S E Ry R
K =wmggiaptoe, 3K %mwm%wkmmﬁam
EREUBERTRERRKKERSBELKES S &N & @8



BRE O SE RN EPNBR R RS SRS B SR
BB R %Wﬂ %wﬁ@m | oMo
megrsw R 2l axm &
fo dE B2 2 H - H I o# B B OB OE O R B CE RN
Eoh oo RS M B8R RN R b B K
B BN ZRE®gis B ORBDBERRKH
HEegelresso0e®t s B mm s @k
WOME M £ H OE M H MR B RS ER SN EKE D
28 I X1 | 2881 | SEHBt2olNNR
ﬁ%%%% e R W M%%@g
Fegegoe, BxEEZRzTY sax=gH
G M S £ H H e LB E U W BE o oE
NB# o KR s S e DE RS T g
%ﬂw% R ﬁ%m woo¥ L EREmR M
¥ RegEHr Hep,RaCo® pDxedy
G T K E K W I B g 8B E s E

*

=

WA A

1A

HREAL—
B F T
o B E
W H B

N

S

T

o oE E
Wy ¥
TINNEES )
o & &
;i I

.__74._

£ AER

HILE B MEER-—K

* % E &

A AL — BB
i B H 3% ¥
WHEEKE WO 3k E
W A B A
Bl AR

H R %

=



DISCOVERY MEDICINE®

www.discoverymedicine.com
ISSN: 1539-6509; elSSN: 1944-7930
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Abstract: The radical treatment currently for
decompensated liver cirrhosis is still liver transplan-
tation. However, liver transplants are not widely
performed worldwide and development of genuine
regeneration therapy for liver cirrhosis is an urgent
task. We have developed a novel murine model [the
green fluorescent protein (GFP)/carbon tetrachlo-
ride (CCly) model], and reported that infused GFP-
positive bone marrow cells repopulated cirrhotic
liver. Moreover, repopulated bone marrow cells
ameliorated liver fibrosis through higher expression
of matrix metalloproteinase-9, consistent with
improved liver functions and better survival rate.
Based on these findings, we started a clinical trial of
autologous bone marrow cell infusion (ABMj) ther-
apy for decompensated liver cirrhotic patients, and
reported the efficacy and the safety of this approach.
On the other hand, various other clinical studies for
liver disease have been also reported, including
hepatic administration of autologous CD34-positive
cells induced by granulocyte colony-stimulating fac-
tor (G-CSF), portal vein administration of CD133-
positive mononuclear cells, and administration of
autologous bone marrow derived mesenchymal stem
cells (MSCs). Effectiveness of these approaches has
been shown in some patients. We provided here an
overview of the current status of liver regeneration
therapies including our results of the murine
GFP/CCl; model and ABMi therapy for liver cirrho-
sis and future prospects. [Discovery Medicine 14(74):7-
12, July 2012]
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Introduction

When decompensated liver cirrhosis occurs, the only
radical treatment currently is still liver transplant.
However, liver transplants are not performed world-
wide, due to various problems including a chronic
donor shortage, surgical invasiveness, risk of immuno-
logical rejection, and medical costs. Therefore, devel-
opment of regeneration therapies for liver cirrhosis is an
urgent task. Theise ef al. (2000) previously reported the
existence of Y chromosome-positive hepatocytes and
cholangiocytes in autopsied women who had received
therapeutic bone marrow transplantations from male
donors, suggesting the existence of pluripotent stem
cells in bone marrow cells. Since then, attention has
been focused on bone marrow stem cells as a cell
source for liver regeneration therapies (Houlihan and
Newsome, 2008; Souza et al., 2009; Stutchfield et al.,
2010; Muraca, 2011). We have reported improved liver
fibrosis and liver functions after the infusion of autolo-
gous bone marrow cells in basic studies using a novel
murine model [the green fluorescent protein (GFP)/car-
bon tetrachloride (CCly) model], and based on those
lines of evidence started autologous bone marrow cell
infusion (ABMi) therapy for liver cirrhotic patients in
November 2003. Since then the efficacy and the safety
of ABMi therapy have also been reported by other insti-
tutions.

During this same period, other novel therapies have
been reported, including cell therapies by administra-
tion of CD34-positive cells induced with granulocyte-
colony stimulating factor (G-CSF) (Gordon et al.,
2006; Pai et al., 2008), and portal administration of
CD133-positive mononuclear cells (am Esch ef al,
2005; Furst et al., 2007).

We here show the current status of liver regeneration
therapies including our evidence from basic studies (the
murine GFP/CCl, model) and clinical studies (ABMi
therapy) for liver cirrhosis and future prospects.

© Discovery Medicine. All rights reserved.
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8 Autologous Bone Marrow Cell Therapy for Chronic Liver Disease

Basic Studies Using the Murine GFP/CCl, Model

We have developed an in vivo murine model (the
GFP/CCl, model), and reported that GFP-positive bone
marrow cells infused via a tail vein (peripheral vein)
efficiently repopulated cirrhotic liver and then reduced
liver fibrosis (Terai er al., 2003; Sakaida et al., 2004).
This GFP/CCl, model has the following characteristics:
1) intraperitoneally administering CCl, (1.0 ml/kg
body) was performed over 4 weeks (2 times per week)
in female mice to induce liver cirrhosis with chronic
liver injury, 2) infused whole bone marrow cells were
isolated from the femurs of syngeneic GFP transgenic
male mice and whole bone marrow cells were washed
and then injected into the recipient mice via a tail vein,
and 3) the inflammatory condition is maintained by
repeated administering CCly after bone marrow cell
infusion. In these processes, elevation in serum albumin
levels (Terai et al., 2003), a significant increase in sur-
vival rate, and reduced liver fibrosis assessed by Sirius
red staining were seen following infusion of whole
GFP-positive bone marrow cells (Sakaida et al., 2004).
Repopulated GFP-positive bone marrow cells were also
confirmed to produce collagenases including matrix
metalloproteinase (MMP)-9 (Sakaida et al., 2004).
Based on the above basic studies, infusion of autolo-
gous bone marrow cells via a peripheral vein in a chron-
ic liver injury environment is thought to reduce liver
fibrosis and improve liver functions, and to significant-
ly improve vital prognosis in CCly-induced cirrhotic
mice. We have also confirmed two kinds of GFP-
expressing murine bone marrow derived cells repopu-
lated in cirthotic livers. The first one was macrophage’s
cell surface marker (F4/80) positive cells. The other
was mesenchymal stromal cell’s surface marker posi-
tive cells, suggesting that these were candidates of the
cell-fraction involved in reducing liver fibrosis.

Moreover, we confirmed that the number of A6-positve
cells [oval cells, hepatic progenitor cells (HPC)] in
GFP-positive bone marrow cell infused livers was
increased, suggesting the activation of HPC compart-
ment by the bone marrow cell infusion (Terai et al.,
2003). Another study showed the up-regulated expres-
sions of fibroblast growth factor (FGF) receptors after
bone marrow cell infusion and enhanced repopulation
of GFP-positive bone marrow cells with increased Liv-
2 positive cells after administrating FGF-2, indicating
that FGF-2 had important functions as a growth factor
contributing to these processes (Ishikawa et al., 2006).
Our investigation also revealed that splenectomy before
bone marrow cell infusion enhanced the repopulation of
bone marrow cells into the cirrhotic liver and improved
the liver fibrosis by higher expressed MMP-9 from
GFP-positive cells, consistent with the absence of

trapped bone marrow cells in the enlarged spleen fol-
lowing splenectomy (Iwamoto et al., 2012).

As liver cirrhosis itself is still oncogenic, we recently
investigated the effect of bone marrow cell infusion on
the mechanisms of hepatocarcinogenesis using our
developed hepatocarcinogenic mice with liver cirrthosis
(the DEN/GFP-CCl; model). This DEN/GFP-CCl,
model was developed by intraperitoneally administer-
ing N-nitrosodiethylamine (DEN) once to 2-week-old
mice, followed by repeated twice-weekly intraperi-
toneal administration of CCl; from 1 month later.
Syngeneic GFP-positive bone marrow cells were
infused via a tail vein biweekly from 2 months after
DEN treatment. Kinetics of hepatocarcinogenesis was
histologically evaluated at 4.5 months after DEN treat-
ment based on the incidence, number, and size of foci
and tumors (adenoma + hepatocellular carcinoma). As a
result, in frequent bone marrow cell infused livers, both
foci and tumors showed significantly lower incidence
and smaller number; moreover, both foci and tumor size
were almost equal, consistent with significant lower
hepatic  8-hydroxy-2-deoxyguanosine (8-OHdG).
Higher superoxide dismutase (SOD) activity and
increased nuclear translocation of erythroid 2 p45-relat-
ed factor 2 (Nrf2) were also confirmed after frequent
bone marrow cell infusions. In addition, many SOD3-
positive cells in non-tumorous liver tissue were positive
for GFP protein, suggesting that bone marrow cell infu-
sion might contribute to suppressed tumor initiation
during stages of hepatocarcinogenesis through the sta-
bilization of redox homeostasis directly (Maeda et al.,
2011).

ABMi Therapy for Liver Cirrhotic Patients

Based on the evidence from the murine GFP/CCly,
model, our clinical study of ABM;i therapy for decom-
pensated liver cirrhotic patients was started in
November 2003 (Terai ef al., 2006). All protocols were
approved by the Ethics Committee of Yamaguchi
University, and the written informed consent was
obtained from every patient. Indications of the ABMi
therapy are shown as follows: 1) total bilirubin: <3.0
mg/dL, 2) platelet count: >5.0x101%/L, 3) good control
of esophagogastric varices and hepatocellular carcino-
ma, 4) good cardiopulmonary function and no serious
comorbidities, and 5) no presence of any viable hepato-
cellular carcinoma on abdominal computed tomogra-
phy (CT), abdominal magnetic resonance imaging
(MRI), or other diagnostic imaging modalities. For
indicated patients, around 400 mL of autologous bone
marrow fluid was collected under general anesthesia, in
the same manner as for bone marrow transplantation for
leukemic disease. We washed and concentrated bone

Discovery Medicine, Volume 14, Number 74, July 2012
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Autologous Bone Marrow Cell Therapy for Chronic Liver Disease 9

marrow mononuclear cells according to standard oper-
ating procedures at the regenerative and cell therapy
center fully equipped with good manufacturing practice
(GMP)-grade facilities. Finally, 5.20+0.63 x 10° bone
marrow mononuclear cells were infused into the same
patient by drip infusion via a peripheral vein within the
same hospital day. The treatment course was observed
for 6 months after ABM, and the efficacy and the safe-
ty were evaluated using blood biochemistry tests, liver
biopsy, abdominal ultrasonography (US), abdominal
CT, and so on. During this observation period, there
were no changes in oral medications, antiviral drugs, or
other agents. As a result, at 6 months after ABMjJ, the
average levels of serum albumin, serum total protein,
and Child-Pugh score were significantly improved in 9
patients (hepatitis B virus-related 3 cases, hepatitis C
virus-related 5 cases, and unknown 1 case) for whom
the course could be observed for 6 months after ABM.
The average of proliferating cell nuclear antigen
(PCNA)-labeling index was also increased in biopsied
livers after ABMi, suggesting induced proliferation of
resident hepatocytes by ABMi (Terai et al., 2006).
Moreover, similar improvements were confirmed in the
same patients at 15 months after ABMi (Terai and
Sakaida, 2008).

In addition, a multicenter clinical trial of liver regener-
ation with cell transplantation (LRCT study) was start-
ed in 2005. Kim ef al. (2010) joined in LRCT study and
reported that ABMi improved serum albumin levels,
Child-Pugh score, liver volume measured by abdominal
MRI and accumulation of ascites in 10 patients with
hepatitis B virus-related decompensated liver cirrhosis,
and histological observations of liver biopsies taken
over time showed increased cytokeratin (CK)-7 posi-
tive cells after ABMi, suggesting the possibility of HPC
activation as the underlying mechanism. Moreover,
Saito et al. (2011) joined in LRCT study and also
reported improvements of serum albumin levels, pro-
thrombin time, and Child-Pugh score in alcoholic liver
cirrhotic patients after ABMi. Therefore, we believe
that ABMi therapy represents a promising treatment for
decompensated liver cirrhotic patients (Figure 1).

Other Clinical Studies Using Non-cultured
Autologous Bone Marrow Cells

Other reports to date on cell therapies using bone mar-
row cells for liver cirrhosis include not only those on
our ABM; therapy, but also reports by Lyra et al. (2007;
2010) on the effectiveness of infusion of bone marrow
cells. Clinical studies by Lyra ef al. suggested the feasi-
bility and safety of autologous bone marrow cell infu-
sion through a hepatic artery rather than a peripheral
vein for chronic liver disease patients awaiting liver

transplantation. In a trial studying patients with hepati-
tis B virus-related decompensated liver cirrhosis, 53
patients received 120 mL of autologous bone marrow
fluid via a hepatic artery, and 105 patients matched for
some parameters including age, gender, albumin, total
bilirubin, prothrombin time, and Model for End-Stage
Liver Disease (MELD) score were selected as controls
who received regular treatments (reduced glutathione,
glycyrrhizin, ademetionine, polyene phosphatidyl-
choline, alprostadil, and human serum albumin).
Results of analysis showed no adverse effects from
bone marrow administration (Peng et al., 2011).
Patients were also divided into a short-term observation
group (up to 48 weeks) and a long-term observation
group (until 192 weeks), and the results of analysis
showed improved hepatic function in the early period.
Long-term observation showed lower tendency
(p=0.107) of the hepatocellular carcinoma development
after the administration of bone marrow cells (Peng et
al., 2011), consistent with suppressed hepatocarcino-
genesis that we observed in our murine DEN/GFP-CCl,
model (Maeda et al., 2011).

In other clinical studies, increased volumes of left later-
al hepatic segments were reported with intraportal
administrating CD133-positive bone marrow cells after
portal venous embolization of right liver segments (am
Esch et al., 2005; Furst et al., 2007). Conversely, death
due to radiocontrast nephropathy has been reported as a
result of infusion of concentrated CD34-positive cells
from 200 mL of bone marrow fluid through hepatic
artery into patients with decompensated liver cirrhosis,
and that clinical study was discontinued
(Mohamadnejad et al., 2007a). This indicates the need
for clarification of the treatment indication criteria and
full investigation of administration routes, cell concen-
trations, and speed of drip infusion.

Other Clinical Studies Using Cultured Autologous
Bone Marrow-derived Cells

Our ABM: therapy involves bone marrow aspiration
under general anesthesia, and is not indicated for
patients for whom general anesthesia is difficult. We
therefore aimed to develop a new liver regeneration
therapy in which cells having a curative effect on liver
cirrhosis are isolated and cultured from a small amount
of autologous bone marrow aspirated under local anes-
thesia and infused back into the same patient.

Mohamadnejad et al. (2007b) have reported improve-
ments of the MELD score in 2 of 4 decompensated liver
cirrhotic patients with peripheral vein administration of
3.2x107 cultured autologous bone marrow derived mes-
enchymal stem cells (MSCs) as phase [ study.
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10 Autologous Bone Marrow Cell Therapy for Chronic Liver Disease

Kharaziha et al. (2009) also reported that liver function
assessed by the MELD score decreased significantly
from 17.945.6 to 10.7+6.3 after administration of cul-
tured autologous bone marrow derived MSCs in 8 cir-
rhotic patients (hepatitis B-related 4 cases, hepatitis C-
related 1 case, alcoholic-related 1 case, and cryptogenic
2 cases). They aspirated around 20 mL of autologous
bone marrow fluid from both posterior and superior
iliac spines under local anesthesia. The mononuclear
cells were separated by the Ficoll separation method.
Separated bone marrow mononuclear cells were cul-
tured for 2 weeks, and then were collected. They
infused about 3 to 5%107 cells expressing CD44, CD73,
and CD105, consistent with MSC’s characteristics, to
the same subject via a portal vein or peripheral vein.
Moreover, Amer et al. (2011) reported the clinical study
for 40 patients including 20 controls with hepatitis C
virus-related liver failure. They aspirated around 120
mL of autologous bone marrow fluid from the posteri-
or-superior iliac crest under local anesthesia, and then
injected autologous cultured bone marrow-derived

MSCs ,which had been stimulated to expand the hepat-
ic lineage using hepatocytes growth factor (HGF)-con-
taining medium, into spleen or liver directly using a
needle gauge 18 under abdominal ultrasound guidance.
In these patients, the MELD score and Child-Pugh
score were significantly lower than those in controls at
from 2 weeks to 6 months after the injection. No differ-
ence between intrasplenic route and intrahepatic route
was observed.

Clinical Studies Using G-CSF

Gordon et al. (2006) collected CD34-positive cells
from peripheral blood after induction with G-CSF, then
administered these cells via a hepatic artery, and report-
ed improved levels of serum bilirubin and serum albu-
min in some patients, despite a short observation peri-
od of only 60 days. In addition, Spahr er al. (2008)
administered G-CSF to patients with alcoholic liver cir-
rhosis and reported increased proliferation of HPCs,
while Pai et al. (2008) reported improvements in serum
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Figure 1. Possible mechanisms of autologous bone marrow cell infusion on liver cirrhosis based on evidences from

the murine GFP/CCl4 model and human ABM:i studies.
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