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afety and Efficacy of Autologous Bone Marrow Stem Cell
ransplantation Through Hepatic Artery for the Treatment
f Chronic Liver Failure: A Preliminary Study

.A. Khan, N. Parveen, V.S. Mahaboob, A. Rajendraprasad, H.R. Ravindraprakash, J. Venkateswarlu,

.G.A. Rao, M. Lakshmi Narusu, M.N. Khaja, R. Pramila, A. Habeeb, and C.M. Habibullah

ABSTRACT

This study was performed to determine the safety and tolerability of injecting autologous
bone marrow stem cells (BMC) (CD34�) into four patients with liver insufficiency. The
study was based on the hypothesis that the CD34� cell population in granulocyte colony
stimulating factor (G-CSF) mobilized blood and autologous bone marrow contains a
subpopulation of cells with the potential for regenerating damaged tissue. We separated
the CD34� stem cell population from the bone marrow. The potential of the BMC to
differentiate into hepatocytes and other cell lineages has already been reported. Several
reports have also demonstrated the plasticity of hematopoietic stem cells to differentiate
into hepatocytes. Recently Sakaida demonstrated reduction in fibrosis in chemically
induced liver cirrhosis following BMC transplantation. From a therapeutic point of view,
chronic liver cirrhosis is one of the targets for BMC transplantation. In this condition,
there is excessive deposition of extracellular matrix and hepatocyte necrosis. Encouraged
by this evidence that the CD34� cell population contains cells with the potential to form
hepatocyte-like elements, four patients with liver insufficiency were given G-CSF to
mobilize stem cells. CD34� cells (0.1 � 108) were injected into the hepatic artery. No
complications or specific side effects related to the procedure were observed; four patients
showed improvements in serum albumin, bilirubin and ALT after one month from the cell

infusion.
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 LATE STAGE of progressive hepatic fibrosis charac-
terized by distortion of the hepatic architecture and

ormation of regenerative nodules contributes to cirrhosis.
rthotopic whole organ liver transplantation has signifi-

antly improved the prognosis among patients with end-
tage or metabolic liver diseases.1,2 But it has several
imitations such as the shortage of organ donors, high cost
estimated at $150,000 or more during the first year follow-
ng transplantation and marks of complications in chroni-
ally debilitated often malnourished patients. The incidence
f chronic liver failure is expected to increase over the next
0 years as a result of the silent epidemic of hepatitis C. As
 result of the shortage of donor organs, potential liver
ransplant patients must often await a donor liver for years.
nly about 5000 patients each year receive a solid liver

ransplantation. Clearly, the vast majority of patients with
iver diseases cannot rely on organ transplantation as a

olution. There is an urgent need for new technologies for c
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cute and long-term support of patients with damaged
ivers. Case studies by independent investigators have de-
cribed the administration to humans of human liver cell
reparations.
Over the past 30 years, a significant body of scientific

iterature has shown that in animals infused hepatocytes
ngrafted into host tissue survive, proliferate, function, and
articipate in the regenerative process.3,4 Transplantation
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BONE MARROW TRANSPLANT FOR LIVER FAILURE 1141
f hepatocytes into the spleen or liver has been shown to
orrect inherited defects in metabolism in numerous animal
odels. These cells almost completely repopulate a host

iver under conditions where the host liver cells have a
educed life-span (as in the FAH-deficient mouse model),
roviding hepatic function during acute liver failure in-
uced by a variety of insults. For example, they have

mproved liver function and prolonged survival in carbon
etrachloride-induced models of cirrhosis.5 Primary hepa-
ocytes remain the choice for transplantation to treat pa-
ients with severe acute end-stage chronic and metabolic
iver diseases. The scarcity of human donor livers and the
bsence of proliferation of cultured hepatocytes are major
imiting factors for the success of hepatocyte therapy.
reliminary experience with clinical hepatocyte transplan-

ation during the past decade has provided proof of the
oncept that cell therapy can be effective for treatment of
ome liver diseases.5–8 Due to the worldwide shortage of
onor hepatocytes and perceived inherent risks of infection
nd rejection associated with xenogenic cells, there is a
eed to evaluate alternate sources of hepatocytes.9 In this
onnection, embryonic stem cells hold much promise in the
uture, although constrained by ethical issues. Circulating
ematopoetic stem cells contribute to the repair of solid
rgans, like the liver, offering promise in the future. Stem
ells within the adult hematopoietic system could poten-
ially be clinically useful to generate hepatocytes to replace
amaged or deficient liver tissue. Peterson et al first re-
orted that rodent bone marrow cells were able to give rise
o oval cells and hepatocytes upon transplantation into
ethally irradiated rats.5,10–13 Wang et al14 showed that in
he presence of hepatic injury, human hematopoietic stem
ell and progenitor cell populations had the capacity to
enerate cells within the recipient liver to synthesize and

Table 1. Biochemical and Fibrotic Markers of Patients Fo

Patient 1 P

Before Tx After Tx Before Tx

LT (U/L) 126 56 156
erum Albumin (g/dL) 3.3 3.8 2.8
erum bilirubin (mg/dL) 1 0.9 1.2
yaluronic acid (ng/dL) 295 248 340
PRI* 2.5 2.1 2.5
hild-Pugh score 9 6 9
ELD Score 19 11 20

A.P.R.I., ALT to platelet ratio; MELD, model for end-stage liver disease.
*APRI � 0.5 � absence of fibrosis; APRI � 1.00 � absence of cirrhosis; AP

Table 2. Clinical Investigations o

Patient

Diagnos

Cirrhosis Hepatitis Splenomegaly Hepatomeg

atient 1 Yes HBV Yes Yes
atient 2 Yes HCV Yes Yes
atient 3 Yes HCV Yes Yes

atient 4 Yes HCV Yes Yes
ecrete human albumin into the sera of mice after trans-
lantation. Recently, am Esch et al reported that portal
dministration of autologous CD133�HSCs accelerated
iver regeneration.15

Recently, reports by Lagasse et al9 and by Wager’s et al
ave demonstrated the plasticity of hematopoietic stem
ells to differentiate into hepatocytes. Recently, Sakaida
t al have demonstrated that bone marrow stem cell
ransplantation reduced fibrosis in chemically induced liver
irrhosis. From a therapeutic point of view, chronic liver
irrhosis is one of the targets where bone marrow cell
ransplantation might be employed. In this condition, there
s excessive deposition of extracellular matrix and hepato-
ytes necrosis.16 Recently, a clinical study by Nagy Habib
nd his group determined the safety and tolerability of
njecting autologous CD34� cells into five patients with
iver insuffiency with 2 months follow-up.17 In the present
tudy, we have reported 6-month follow-up of four cases of
stablished liver cirrhosis who underwent autologous bone
arrow stem cell transplantation. We characterized the

otential population of bone marrow stem cells that partic-
pated in the regeneration process.

ETHODS
election of Patients

his clinical study was approved by Institutional Ethics Committee.
nformed consent was obtained from each patient to carry out the
tudy.

nclusion Criteria

nclusion criteria were age 20 to 60 years; chronic liver failure,
bnormal serum albumin, bilurubin, aspartate amino transferase
SGOT), prothrombin time, and unsuitable for liver transplanta-
ion. Female patients of child-bearing potential used reliable and

ing Autologous Bone Marrow Stem Cell Transplantation

2 Patient 3 Patient 4

After Tx Before Tx After Tx Before Tx After Tx

55 95 79 105 76
3.3 2.9 3 3.8 4.1
0.9 1.9 1.4 1.5 1

31 380 341 278 232
2.2 2.9 2.5 2.4 2.1
6 10 7 8 6

18 21 19 18 18

.5 � presence of fibrosis; APRI � 2.00 � presence of cirrhosis.

Patients Before Transplantation

stigations/Clinical Signs

Acites Jaundice Weight Loss Fever Abdominal Pain

No No No Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
llow

atient
f the

is/Inve

aly
Yes No No Yes Yes
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1142 KHAN, PARVEEN, MAHABOOB ET AL
ppropriate contraception. Patients must have the ability to give
nformed consent.

xclusion Criteria

xclusion criteria were patients aged less than 20 or more than 60
ears, hepatopulmonary diseases, liver tumors, or history of other
ancer. Patients with serum creatinine concentrations �1.5 mg/DL,
ctive infection (including HIV), pregnancy or lactation, recurrent
astrointestinal bleeding, spontaneous bacterial peritonitis, or in-
bility to give informed consent. This clinical study included four
ubjects with established cirrhosis and portal hypertension or
ltered liver functions.

ranulocyte-Colony Stimulating Factor Injection

atients who fulfilled the inclusion criteria were admitted in the
ntensive Liver Care Unit. Granulocyte colony-stimulating factor
G-CSF; 300 mcg/mL) was administered subcutaneously for 5 days
aily as a single dose.

one Marrow Aspiration and Isolation of CD34� Cells
sing MACs

standard bone marrow aspiration procedure was followed, which
as approved by the Institution Ethical committee. After 5 days of
-CSF injections, bone marrow was aspirated from iliac crest. This

rocedure was done by a trained hemato-oncologist/medical on-
ologist. Briefly, the patient was taken in to the operating theatre
nd general anesthesia was given. For the iliac crest puncture, the
eedle was pointed directly at the top of the crest and the bone was
ierced downward and slightly outward, in its center. The margins
f the crest can be held, the surface of the bone reached a short
istance below the skin, and the cavity quickly entered without
anger to the patient. Approximately 100 mL of bone marrow was
spirated into a sterile heparin-coated container. After the collec-
ion, stem cells were enriched from the bone marrow using
tandard procedures: the bone marrow was layered over an equal
olume of Ficoll-Paque (1.077 g/mL). Mononuclear cells (MNC)
ere recovered from the gradient interface and washed twice with
ormal saline (supplemented with 5% dextrose) after centrifuga-
ion at 1200 rpm/min for 20 minutes. MNCs were incubated for 45
inutes at 4 °C with the CD34 antibody directly labeled onto
icrobeads. (MACS, Miltenyi Biotec), washed with MACS buffer,

nd placed on a column in the miniMACS cell separator (Miltenyi
iotec). The labeled cells, separated using a high gradient magnetic
eld, were eluted from the column after their removal from the
agnet. The viability of the cells was examined using the trypan

lue dye exclusion test. The cells were constituted in 10 mL of
ormal saline.

low Cytometric Analysis

solated bone marrow cells (1 � 104 per mL) were labeled with

Table 3. Dosage of Cells, Route of Infu

Dosage of Cells Route of Infusion Bleedin

atient 1 0.1 � 108 Hepatic artery N
atient 2 0.1 � 108 Hepatic artery N
atient 3 0.1 � 108 Hepatic artery N
atient 4 0.1 � 108 Hepatic artery N
rimary antibody (CD34) as per the standard protocol. Then
hycoerythrin (PE)-conjugated secondary antibody was labeled
ith unconjugated primary antibody. Stained cells were analyzed
n a FACS Calibur flow cytometer to count the percentage of
D34� cells.

nfusion of Cells to the Patient

he procedure was performed under local anesthesia through femoral
rterial access. Initially visceral arterial anatomy was evaluated by
ngiography. Selective catheterization of the hepatic artery was per-
ormed with a 6F guiding catheter. Through the guiding catheter a 3-
o 4-mm balloon catheter was negotiated over the guide wire into the
epatic artery. The cells were infused through the distal lumen of the

nflated catheter at the rate of 1 mL/min. No procedure-related
omplications were encountered (Table 3).

ollow-Up Visits

atients were checked frequently for signs of fever, chills, hives,
nd angina pectoris while the bone marrow was being infused. At

days postinfusion, patients were discharged from the Liver
ntensive Care Unit and followed on days 7, 15, 30, 60, 90, 120, 150,
nd 180.

aboratory Tests Performed at Each Visit

iver function parameters, complete blood counts, prothrombin
ime, and kidney function tests were performed at each visit.

A Assay

he hyaluronic acid (HA)-ELISA test was performed at each visit
o assess serum HA concentrations, which show good prognostic
alue for the complications of liver cirrhosis. Serum HA levels have
lso been shown to be related to the degree of fibrosis. High levels
f serum HA have been detected in patients with liver cirrhosis of
arious etiologies. The HA assay is an enzyme-linked binding

f Cells and Postinfusion Observations

Postinfusion Observations

Pain Fever Nausea Vomiting Infection

N N N N N
N N N N N
N N N N N
N N N N N
sion o

g

Fig 1. Albumin level before and after cell transplantation.
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BONE MARROW TRANSPLANT FOR LIVER FAILURE 1143
rotein assay that uses hyaluronic acid binding protein (HABP) to
apture HA. Diluted samples are incubated in HABP-coated
icrowells to allow the HA in the sample to bind to the HABP.
fter a second washing to remove unbound materials, HABP

onjugated to horseradish peroxidase is added to form linkages
ith bound HA. After washing to remove unbound conjugate,
hromogenic substrate is added and the intensity measured at 450
m. The resulting absorbance values are compared to a calibration
urve constructed using reference solutions.

ESULTS
urity and Viability of Bone Marrow Stem Cells

otal bone marrow aspirated from the ilium of the patients
as 100 mL with a mean of 0.1 � 108 mononuclear cells

MNCs). The mean purity of bone marrow stem cells was
5.0%; their mean viability was 92.50%.

linical Improvement

n all the patients, cells were infused via the hepatic artery.
atients were given 0.1 � 108 cells as a single dose. All
rocedures were performed without any specific side effects
r complications except mild pain at the infusion site. There
as no hypersensitive or febrile reaction. Nausea and
omiting were seen following cell infusion. The patients
ere discharged from the hospital after 5 days of observa-

ion. In all patients, there was improvement in appetite. The
tiology, diagnosis, clinical signs, results of investigations,
ell concentrations, and postinfusion observations for each
atient are shown in Tables 1 and 2. Patient 1, patient 2,

Fig 2. Bilirubin level before and after cell transplantation.

ig 3. Alanine amino transferase level before and after cell

ransplantation. t
nd patient 3 completed 6 months follow-up, whereas
atient 4 completed 1 year follow-up. Urine creatinine
alues were normal in all patients.

Patient 1 showed good clinical improvement in all liver
unction parameters from the second month after cell
nfusion. The liver function values of this patient after 6

onths were albumin: 3.7 gm/dL; SGOT: 41 IU/L; ALP: 74
U/L; bilurubin: 0.9 mg/dL; and total protein: 7.6 g/dL.

After cell infusion patient 2 showed a gradual increase in
erum albumin level to 3.26 gm/dL [2.8 gm/dL before cell
nfusion], gradual decrease in ALP level to 102 IU/L9 [235
U/L before], and gradual increase in total proteins to 6.9
/dL [5.8 g/dL before]. But no change was observed in
GOT level [56 IU/L to 55.4 IU/L] or bilurubin, 0.87 to 0.8
g/dL. Patient 3 showed a slow decrease in serum SGOT

evel to 79 IU/L [95 IU/L before] but only a slight change in
LP to 213 IU/L [208 IU/L before], total proteins as 5.9

/dL to 6.5 g/dL. There was no change in albumin level 3.0
m/dL [2.94 gm/dL before]. Patient 4 showed serum albu-
in levels to be 3.87 gm/dL to 4.1 gm/dL, SGOT as 106

U/L to 76 IU/L, ALP as 169 IU/L to 156 IU/L, bilurubin as
.58 mg/dL to 1.06 mg/dL, and total protein, 7.29 g/dL to
.20 g/dL (Figs 1–6).

ig 4. Aspartate amino transferase level before and after cell
ransplantation.

ig 5. Serum creatinine level before and after cell

ransplantation.
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ISCUSSION

nd-stage liver cirrhosis is an irreversible phenomenon,
haracterized by loss of hepatocytes and increased extracel-
ular fibrosis. Orthotopic liver transplantation has signifi-
antly improved the prognosis among patients with end-
tage and metabolic liver diseases.1,2 But it has several
imitations such as the shortage of organ donors and the
igh cost. Recently, several experimental studies have
hown beneficial effects of bone marrow stem cell rejuve-
ation of the liver. Differentiation of bone marrow cells into
epatocytes has been shown by Y-chromosome detection
pon autopsy analysis of human female recipients of bone
arrow cells from a male donor. Lagasse et al reported that

urified hematopoietic stem cells could differentiate into
epatocytes. Wagers et al also showed evidence of plasitic-

ty in adult hematopoietic stem cells. Several recent studies
ave explored the potential of bone marrow cells for liver
irrhosis.

In the present study we reported 6 months follow-up of
our cirrhosis patients who received autologous bone mar-
ow transplantations through the hepatic artery. Among
our patients, one has completed more than 1 year follow-
p. In this study, none of the patients developed a signifi-
ant side effect. At 6 months follow-up, there was no
eterioration of any vital organ. Further, there was an

ncrease in albumin among three patients; whereas one
atient showed no change. In the three patients who
aintained bilirubin levels more than 1.5 mg/dL, there was
fall after 1 month to normal after 2 months posttransplan-

ation. One patient who maintained a bilirubin more than
.0 mg/dL displayed a value of 1.7 mg/dL after 2 months
osttransplantation. Overall, there was a significant im-
rovement in liver function parameters like ALP and
GOT.
In conclusion, this study suggested the safety and efficacy

ig 6. Serum hyaluronic acid level before and after cell
ransplantation.
f the autologous bone marrow transplantation through the G
epatic artery. Here we have shown that there was no
unctional change in kidney function during follow-up.
lthough Mehdi et al noted kidney failure following trans-
lantation through the hepatic artery. Furthermore, there
as no increase in the ascites as was also reported by
ohamadnejad et al.18
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