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Intraportal Infusion of Bone Marrow Mononuclear or
CD133" Cells in Patients With Decompensated
Cirrhosis: A Double-Blind Randomized

Controlled Trial
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ABSTRACT

The present study assessed the effects of intraportal infusions of autologous bone marrow-derived
mononuclear cells (MNCs) and/or CD133" cells on liver function in patients with decompensated cir-
rhosis. We randomly assigned 27 eligible patients to a placebo, MNCs, and/or CD133* cells. Cell infu-
sions were performed at baseline and month 3. We considered the absolute changes in the Model for
End-Stage Liver Disease (MELD) scores at months 3 and 6 after infusion as the primary outcome. The
participants and those who assessed the outcomes were unaware of the treatment intervention as-
signments. After 6 months, 9 patients were excluded because of liver transplantation (n = 3), hepa-
tocellular carcinoma (n = 1), loss to follow-up (n = 3), and death (n = 2). The final analysis included 4
patients from the CD133" group, 8 from the MNC group, and 6 from the placebo group. No improve-
ment was seen in the MELD score at month 6 using either CD133" cells or MNC infusions compared
with placebo. However, at month 3 after infusion, a trend was seen toward a higher mean absolute
change in the MELD score in patients who had received CD133" cells compared with placebo (—2.00 = 1.87
vs. —0.13 = 1.46; p = .08). No significant adverse events occurred in the present study. A transient improve-
ment in the MELD score was observed in subjects treated with CD133" cells but not in the MNC or placebo
group. Although the study was not powered to make definitive conclusions, the data justify further study of
CD133* therapy in cirrhotic patients. STEM CELLS TRANSLATIONAL MEDICINE 2016;5:87-94

SIGNIFICANCE

Cell therapy is a new approach in liver disease. Several clinical experiments have been reported on
the safety of bone marrow-derived stem cells to treat liver disorders. However, the effectiveness of
these approaches in the long-term follow-ups of patients initiated controversial discussions among
the scientific community. A double-blind randomized controlled trial was designed to address this
concern scientifically. Atransientimprovement in the patients’ signs occurred; however, for a sustain-
able result, more work is needed. The results of multiple administrations of cells reported in the pre-
sent study can be compared with the results from other single-injection studies.

factors of liver transplantation include the lack of
organ availability, cost, and the complications of
immunosuppression [2]. Cirrhosis is no longer per-

INTRODUCTION

Cirrhosis is the final stage of chronic inflammation

in the liver characterized by extensive fibrosis, ar-
chitectural remodeling, regenerative nodules, and
intrahepatic vascular shunts, which consequently
results in the development of portal hypertension.
Portal hypertension is the leading cause of cir-
rhosis complications and mortality [1]. Currently,
orthotopic liver transplantation is the reference
standard therapeutic intervention for advanced
decompensated cirrhosis. However, the limiting

ceived as a static stage. Rather, it is a dynamic and
stepwise process that is potentially reversible be-
fore a specific, yet currently undetermined, stage.
Clinical evidence of some degree of cirrhosis/
fibrosis reversibility has been reported for hepati-
tis B and C, autoimmune hepatitis, alcoholic fatty
liver disease, and hereditary hemochromatosis [3].

The introduction of stem cell therapy to liver
disease has provided a promising approach in
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the future of regenerative medicine and could be the alternative to
liver transplant that the health care system desperately seeks (re-
view provided in [4, 5]). The transient therapeutic effects of bone
marrow (BM)-derived mesenchymal stem cells (MSCs), CD34" cells,
CD133" cells, and mononuclear cells (MNCs) on cirrhosis have been
reported [6-18]. Earlier studies suggested that BM cells could trans-
forminto functional hepatocytes [19]. However, subsequent studies
demonstrated that cell fusion and the paracrine effect of engrafted
cells, rather than differentiation, were the principal mechanisms by
which transplanted cells ameliorated cirrhosis [20, 21].

We previously reported the effect of BM-derived CD133" cell
and MNC transplantation in decompensated cirrhosis in a non-
randomized phase | trial of 6 patients (3 in each group) who were
onthe liver transplantation waiting list. The cell transplantation was
well-tolerated, and the patients did not develop major cirrhosis-
related complications during the 24-month follow-up period [22].

In the present report, we compared the effect of CD133" ver-
sus MNCs on disease progression and clinical symptoms of
decompensated cirrhosis in a randomized placebo-controlled tri-
al. To the best of our knowledge, this is the first double-blind con-
trolled trial of decompensated cirrhosis. Both selection and
accidental bias were prevented by the randomization method,
and the likelihood of chance as a source for the difference of
the end outcome was eliminated. The use of comparable groups
excluded the source of bias in treatment assignments. The trial was
registered at the U.S. NIH Clinical Trials Database (ClinicalTrials.gov
identifier NCT01120925; http://www.clinicaltrials.gov).

MATERIALS AND METHODS

Patients

From March 2010toJune 2012, 27 patients diagnosed with decom-
pensated cirrhosis at the Digestive Disease Research Institute, Teh-
ran University of Medical Sciences, were recruited. At the time of
enrollment, the patients were on the waiting list for liver transplan-
tation. Cirrhosis was diagnosed by the clinical symptoms, biochem-
ical indexes of liver failure, and liver histologic findings or
compatible imaging findings (e.g., ultrasonography, computed to-
mography, or elastography). All cirrhotic patients had a decompen-
sated disorder defined as either Child-Pugh class B or C.

The exclusion criteria included grade Il or IV hepatic enceph-
alopathy during the 6 months before study entry; refractory asci-
tes; elevated serum transaminases (three times the normal
values); active autoimmune hepatitis, manifested as serum
v-globulin more than twice the normal limit; serum creatinine
of more than 1.5 mg/dl; positive HIV antibody; positive hepatitis
C virus RNA quantitative polymerase chain reaction; hepatitis B
virus DNA level of more than 200 IU/ml; primary sclerosing chol-
angitis; hepatocellular carcinoma (HCC); active infectious disease;
grade 3 esophageal varices; a positive history of esophageal var-
iceal bleeding 1 month before enrollment; portal and/or hepatic
vein thrombosis diagnosed by Doppler ultrasonography; comor-
bid conditions that included cardiovascular, pulmonary, neuro-
logic, and nephrologic problems; malignancy; substance abuse;
alcohol consumption; and/or a hepatotoxic medication prescrip-
tion at least 3 months before enrollment. The Ethics Committee of
the Digestive Disease Research Institute, Tehran University of
Medical Sciences, approved the present trial. The study was con-
ducted in accordance with the Declaration of Helsinki. All patients
provided written informed consent.

©AlphaMed Press 2016

Study Design

Randomization was performed to eliminate selection bias and
equalize the treatment arms. The block randomization used in
the present study guaranteed a balanced number of participants
for each of the three groups during the course of the trial. Each
block size was composed of characters (2 X number of treat-
ments). The block size was short enough to prevent imbalance,
yet long enough to prevent guessing allocation. The block size
was not stated in the protocol; thus, the clinical care providers
and those who assessed the outcomes were unaware of the block
size and order. Five blocks, which included 6 patients per block, were
randomly selected among all possible orders. In this randomized tri-
al, the allocated equal numbers of patients in the experimental and
placebo groups provided the most statistically efficient randomiza-
tion ratio and maximized the statistical power for the considered
sample size. The block randomization allocation sequence was gen-
erated at the Royan Cell Therapy Center. The corresponding general
practitioner at the Digestive Diseases Research Institute enrolled the
participants, and the cell Good Manufacturing Practice facility at
Royan Institute assigned the participants to the groups according
to the randomized block table. The participants, care providers for
patients, and those who assessed the outcomes were unaware of
the treatment intervention assignments.

The patients were randomly allocated into three groups, two in-
tervention groups and one placebo group. The first and second groups
received intraportal infusions of autologous BM-derived CD133" cells
and BM-derived MINCs, respectively. The placebo group received au-
tologous cell-free serum. The cell infusions were performed at base-
line and month 3. The patients were examined at Shariati Hospital
(Tehran, Iran) 1 day before the intervention. BM aspiration and isola-
tion of CD133" cells and MNCs were performed at Royan Institute
(Tehran, Iran). BM aspiration and cell separation were also performed
for the placebo group, and the harvested cells were immediately fro-
zen for future potential use. The patients were admitted to the hos-
pital for transplantation and observed for 24 hours after infusion. An
interventional radiologist conducted the infusion under ultrasound
guidance. A total of 20 ml of the cell suspension was infused through
a 20-gauge catheter (Terumo Medical Products, Tokyo, Japan, http://
www.terumotmp.com) into the portal vein with the patient under
light sedation and local anesthesia over 5-10 minutes. In the placebo
group, 20 ml of autologous cell-free serum was infused through the
portal vein. The trial protocol can be accessed on request from R.M.

Cell Preparation

Approximately 135-150 ml of BM was aspirated from the poste-
rior iliac crest of patients under local anesthesia (lidocaine hydro-
chloride) and light intravenous sedation (midazolam; Darou
Pakhsh, Iran; and sufentanil; Aburaihan Pharmaceutical Co., Teh-
ran, Iran, http://www.aburaihan.co.ir) 1 day before cell transplan-
tation. BM aspirate was collected in sodium citrate-containing bags
(Beasat Industry, Iran). The samples were analyzed for any possible
bacterial contamination using a BACTEC instrument (BD Bactec; BD
Diagnostics, Franklin, NJ, http://www.bd.com). MNCs were
counted using a NucleoCounter system (ChemoMetec AS, Allerod,
Denmark, http://www.chemometec.com), and their viability was
determined before processing. MNC isolation was performed un-
der Current Good Manufacturing Process conditions in a clean
room facility according to the available guidelines (FS209E and
1SO14644). In brief, the cell suspensions were immediately centri-
fuged for 30 minutes at 400g over a Ficoll-Hypaque gradient
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(Lymphodex; Inno-Train, Kronberg im Taunus, Germany), and the
MNCs were recovered at the interface. The cells were washed
twice with phosphate-buffered saline (PBS)/EDTA. Subsequently,
the harvested cell pellet was diluted in normal saline supplemented
with 2.5% human serum albumin (HSA; Octapharma AG, Lachen,
Switzerland, http://www.octapharma.com) to a final volume of
20 ml. Cell counts and viability were determined using a Nucleo-
Counter system (ChemoMetec AS).

To enrich the CD133" cells, aspirated BM was initially filtered
through a 200-um pore size filter and washed twice with PBS/
EDTA, supplemented with 2.5% HSA solution. Next, the suspension
was incubated with microbead-conjugated CD133 monoclonal an-
tibody (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany,
http://www.miltenyibiotec.com). CD133" cells were sorted using
a CliniMACS cell separation system (Miltenyi Biotec) in the clean
room according to the manufacturer’s instructions. The remaining
red blood cells were removed by incubating the cells with 500 | of
ammonium chloride-based lysis reagent at room temperature for
10 minutes. Finally, the cells were washed twice with normal saline,
counted, and assessed for viability using the trypan blue dye exclu-
sion method. The cells were suspended in normal saline supple-
mented with 2% HSA to a final volume of 15-20 ml. All samples
passed the standard criteria for sterility and pyrogenicity as
assessed using the BD instrument (BD BACTEC 9120; BD Diagnos-
tics) and LAL (limulus amebocyte lysate) test kit (Lonza, Walkers-
ville, MD, http://www.lonza.com), respectively.

Flow Cytometry

Flow cytometry analysis of the expressed cell surface antigens in
both groups was performed using a BD FACSCalibur flow cytom-
etry system (BD Biosciences, San Jose, CA, http://www.
bdbiosciences.com), and the purity of isolated CD133" cells was
calculated using the International Society for Hematotherapy
and Graft Engineering method. The characterization panel of
the MNCs consisted of monoclonal antibodies for endothelial
lineage markers (CD31 and vascular endothelial growth factor
[VEGF] receptor), MSC markers (CD44, CD29, CD73, CD90, and
CD105), and hematopoietic stem cell markers (CD3, CD11b,
CD14, CD16, CD19, CD31, CD33, CD34, CD39, and CD45). The an-
tibodies are listed in supplemental online Table 1.

For CD133 analysis, the cells were adjusted to a volume of 1-2 X
10 cells per milliliter and blocked with Fc receptor blocking reagent
(Miltenyi Biotech) according to the manufacturer’s instructions. The
cells were subsequently stained for 30 minutes at 4°C with
fluorochrome-labeled monoclonal antibodies. The controls were ap-
propriately diluted isotype-matched antibodies (supplemental online
Table 1). Data from 10,000 events were analyzed using WinMDI, ver-
sion 2.9. The samples were analyzed in duplicate.

Follow-Up

The patients were examined by a physician at baseline and
months 1, 3, and 6 after infusion. At each follow-up visit, the pa-
tients were examined for signs and symptoms of ascites, edema,
and encephalopathy. The following blood tests were requested at
each visit: complete blood count, serum aspartate aminotransfer-
ase (AST), serum alanine aminotransferase (ALT), serum alkaline
phosphatase, serum total bilirubin, blood urea nitrogen, serum
creatinine, serum a-fetoprotein, prothrombin time (PT), and in-
ternational normalized ratio (INR). In addition, 10 ml of venous
blood was obtained and stored at —70°C. Transabdominal
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ultrasonography with color Doppler was performed at baseline
and month 6 after cell transplantation to assess the liver and por-
tal vein. The radiologist was unaware of the patient’s intervention
assignment. The patients were telephoned at month 12 after cell
transplantation to assess their general condition and survival.

The primary outcome measure of the present study was the
absolute changes in the Model for End-Stage Liver Disease
(MELD) scores at months 3 and 6 after infusion. The secondary
outcome measures included mortality and development of a poor
outcome during the 12 months of follow-up. A poor outcome was
defined as requiring liver transplantation, the development of
HCC, or death during the follow-up period.

Statistical Analysis

Data are expressed as the mean = SD, median and range, or fre-
quency and percentage, as appropriate. The normality assump-
tion for continuous variables was assessed using the
Kolmogorov-Smirnov test. Group comparisons were performed
using one-way analysis of variance with least significant differ-
ence correction. The different time points in each group were
compared using the pairwise t test. Statistical analyses were per-
formed with SPSS, version 19 (IBM Corp., Armonk, NY, http://
www-01.ibm.com/software/analytics/spss/). A p value <.05 was
considered statistically significant.

RESULTS

A total of 27 patients (17 men; 62.96%) were recruited. Overall, the
median age at recruitment was 48 years (range, 20-76). The under-
lying causes of cirrhosis included cryptogenic cirrhosis (n = 15,
55.56%), autoimmune hepatitis (n =9, 33.33%), primary biliary cir-
rhosis (n=2,7.41%), and nonalcoholic steatohepatitis (n=1, 3.70%).
The overall median baseline MELD score was 16 (range, 7-26), al-
bumin 3.40 g/dl (range, 2.30-4.30), ALT 40 IU/L (range, 15-232),
AST 62 IU/L (range, 29-160), total bilirubin 2.78 mg/dl (range,
0.99-9.85), and INR 1.55 (range, 1.00-2.70). We randomly assigned
patients to three intervention groups (Fig. 1). The baseline MELD
score, ALT, AST, total bilirubin, and INR levels did not significantly
differ among the groups. However, the serum albumin levels were
lower in both MNC and CD133" groups compared with the placebo
group (p =.009). In addition, the CD133" group had a higher average
MELD score compared with the other groups. The baseline charac-
teristics of the patients are summarized in Table 1.

Cell Preparation

The mean volume of BM aspirates was 125 * 21 ml for the first
aspiration and 126 = 13 ml for the second aspiration in the MNC
group. For the CD133 group, the mean volume of BM aspirates
was 125 £ 16 ml (first aspiration) and 120 = 14 ml (second aspi-
ration). The mean viabilities of the transplanted MNCs and
CD133" cells were more than 95% in both infusions. The cell
counts of MNCs and CD133" cells after preparation and at trans-
plantation are summarized in Table 2. CD133" cell purity was
higher than 85% in the first and second infusions.

Liver Function Assessment After Therapy

We compared the MELD scores at months 3 and 6 within each
group. A decreasing trend was seen in the MELD score only in
the CD133" group at month 3 according to the before and after
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Figure 1. Study flow diagram. (A): To eliminate selection bias and equalize the treatment arms, the 27 eligible patients were randomly divided
into placebo, MNC, and CD133" groups. At month 6, 9 patients were excluded during the study because of liver transplantation (n = 2), death (n =
2),HCC(n=1),and “lost to follow-up” (n =2). (B): Injection and analysis pipeline. Abbreviations: HCC, hepatocellular carcinoma; MELD, Model for

End-Stage Liver Disease; MNC, mononuclear cell.

analysis (p = .07). At month 3 after infusion, we observed a
trend toward a higher mean absolute change in the MELD score
in patients who had received CD133" cells (—2.00 * 1.87) com-
pared with those who received placebo (—0.13 * 1.46; p =.08).
The mean absolute change in the MELD score at month 3 was
higher in the CD133" group (—2.00 * 1.87) than in the MNC
group (0.00 = 2.45; p=.09). At month 6 afterinfusion, the mean
absolute change in the MELD score in the CD133" group
remained negative (—2.00 £ 4.97). In contrast, the MNC group
had a positive mean absolute MELD score change (2.00 *=
0.4.07).

We observed a significant reduction in the absolute change of
the INR in the CD133" group (—0.20 = 0.31) compared with the
placebo group (0.11 = 0.14, p = .03) at month 3. This effect was
not observed at month 6 (Table 3). The effect of the intervention
on the absolute changes in the MELD score, serum albumin, and
INR over the course of the study is presented in Figure 2.

On an individual level, the MELD scores decreased in 3 of 9
patients from the MNC group, 4 of 5 from the CD133" group,
and 3 of 8 patients who had received placebo at month 3 com-
pared with baseline. In addition, the MELD score decreased or
remained unchanged in 2 of 8 patients from the MNC group, 3

©AlphaMed Press 2016

of 4 from the CD133" group, and 4 of 6 placebo group patients
at both months 3 and 6 (supplemental online Fig. 1).

Patient Outcomes After Therapy

The patients were admitted to Shariati Hospital for transplanta-
tion and were observed for 24 hours after infusion. The patients’
vital signs remained stable after the procedure. No procedural
complications such as portal vein thrombosis, bleeding, infection,
or renal failure occurred after the cellular or placebo infusions.
Three patients underwent liver transplantation (two in the
CD133"* group and one in the placebo group). These patients were
excluded from the analysis. One patient in the MNC group devel-
oped HCC and 2 patients (1 from the MNC group and 1 from the
placebo group) died during the course of the study and were ex-
cluded from the analysis. The placebo group patient died 1 month
after receiving the first cell infusion, and the MINC patient died 6
months after receiving the first cell infusion. The baseline MELD
scores of the 2 patients who died were 22 for the MNC patient and
20 for the placebo patient. Although no deaths occurred in the
CD133" group, the poor outcome rates did not significantly differ
among the groups (Fig. 3). The mean baseline MELD scores for the

STEM CELLS TRANSLATIONAL MEDICINE
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=
Table 1. Baseline patient characteristics
Characteristic Control (n=9) MNC (n = 10) CD133" (n=8) p value

Age (yr), mean * SD 46.22 + 15.31 43.90 * 14.84 53.00 * 12.78 410
Male gender, n (%) 5 (55.56) 7 (70.00) 5 (62.50) .809
MELD score, mean = SD 14.33 £ 4.32 14.80 = 3.43 18.17 £ 6.31 .263
Albumin (g/dl), mean = SD 3.71 £ 0.33 3.16 = 0.52 2.95 *+ 0.52 .009°
INR, mean £ SD 132 = 0.34 1.57 = 0.18 1.76 = 0.61 .100
AFP (ng/ml), mean = SD 245 *1.54 495 *= 7.79 2.60 * 2.06 .520
Bilirubin (mg/dl), mean * SD 3.17 = 2.16 2.58 £ 1.92 5.25 = 3.55 127
AST (U/I), mean = SD 60.0 = 39.30 73.2 £ 33.22 77.67 = 27.41 .574
ALT (U/1), mean = SD 57.44 + 66.42 50.00 * 31.50 50.17 = 30.99 932
Cr (mg/dl), mean = SD 1.11 = 0.81 0.96 = 0.26 0.64 = 0.49 .226
Etiology of cirrhosis .301

Cryptogenic, n (%) 3(33.33) 7 (70.00) 5 (62.50)

PBC, n (%) 1(11.11) 0 1(12.50)

AlH, n (%) 5 (55.56) 3 (30.00) 1(12.50)

NASH, n (%) 0 0 1(12.50)
Positive symptoms

Ascites, n (%) 4 (44.40) 2 (20.00) 2 (25.00) 478

Hepatic encephalopathy, n 1(11.1) 0 1(12.50) .527

(%)

Positive history of variceal 3(33.30) 1(10.00) 0 134

bleeding, n (%)

Fibroscan score (kPa), mean 34.69 + 18.66 38.87 + 14.22 35.67 * 31.66 910

*SD

Statistically significant.

Abbreviations: AFP, a-fetoprotein; AlH, autoimmune hepatitis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cr, creatinine; INR,
international normalized ratio; kPa, kilopascal; MELD, Model for End-Stage Liver Disease; MNC, mononuclear cell; NASH, nonalcoholic steatohepatitis; PBC,

primary biliary cirrhosis.

Table 2. MNC and CD133" cell count in bone marrow aspirate and before infusion

Cell group Cell count First infusion Second infusion

MNC BM aspirate 12.68 X 108 * 6.15 X 10® 11.95 X 10® + 3.43 X 10®
Before infusion 7.62 X 10® + 5,53 X 108 9.17 X 10% + 5.24 X 108

cD133* Before sorting 8.34 X 10% + 2.97 X 10® 7.81 X 10% + 2.94 X 10®

Before infusion

4.74 X 10° * 2.61 X 10°

9.64 X 10° + 1.75 X 10°

Abbreviations: BM, bone marrow; MNC, mononuclear cell.

patients who underwent liver transplantation, developed HCC, or
died were 15.33 = 8.51, 16.00, and 17.80 = 5.85, respectively.

DiscussION

Our study is the first randomized trial that has evaluated the efficacy of
MNCs and CD133" cells compared with placebo in improving liver func-
tion in patients with decompensated cirrhosis. MNCs, CD133" cells, or
placebo were infused through the portal vein of patients who were
subsequently followed up for 6 months after infusion. At month 3 after
infusion, we observed improved MELD score in the CD133" group com-
pared with the placebo group. However, the MELD score gradually in-
creased after month 3in the CD133" group. It appears that CD133" cells
have a transient beneficial effect on decompensated cirrhosis. In accor-
dance with our work, a recent trial protocol has been designed to
compare the results of CD133" infusion with granulocyte colony-
stimulating factor in patients with cirrhosis of different etiologies
[23]. The transient improvement in the MELD score in the CD133"
group was consistent with previous trials of hematopoietic stem cell
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transplantation in cirrhosis [6, 9, 11, 12, 14]. Furthermore, intraportal
injection of autologous CD133" cells expanded the remaining hepatic
segments after hepatectomy and resulted in a 2.5-fold increase in
mean proliferation rates of the segments compared with the placebo
groups [18]. CD133" cells have also been studied in other inflammatory
conditions such as ischemic cardiomyopathy [24, 25]. Although the
mechanism of action of CD133" cells in tissue regeneration is not well
understood, it seems they exert a partial effect via their proangiogenic
properties [26, 27]. Pathologic angiogenesis is observed in chronic liver
disease and results from the persistent inflammatory and hypoxic mi-
lieu. In this context, angiogenesis is the consequence of a vicious circle
that alters the angioarchitecture of the liver and further drives fibrogen-
esis [28]. The therapeutic benefits of endothelial progenitor cell trans-
plantation and VEGF have demonstrated fibrosis resolution, reduced
portal hypertension, and improved survival in animal models [29, 30].

The improved MELD score at month 3 resulted from the re-
duced INR in the CD133" group. The hemostatic abnormalities in
patients with liver disease usually result from insufficient produc-
tion of clotting factors and thrombocytopenia, commonly

©AlphaMed Press 2016
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Figure 2. Comparison of the outcomes of patients who received
MNCs, CD133" cells, or placebo over the course of the study. (A): Ab-
solute change in MELD score in the three groups at two time points
after cell transplantation. At month 3, the mean absolute change in
the MELD score was higher in the CD133" group than in the MNC group
(Table 3). (B): Absolute change in serum albumin in the three groups at
two time points after cell transplantation. (C): Absolute change in INRin
the three groups at two time points after cell transplantation. A signif-
icant reduction in the absolute change in the INR in the CD133" group
was found compared with the placebo group at month 3. This effect
was not observed at month 6 (Table 3). Data are presented as mean
=+ SD. Abbreviations: INR, international normalized ratio; MELD, Model
for End-Stage Liver Disease; MNCs, mononuclear cells.
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Figure 3. Comparison of survival after MNC, CD133, or placebo in-
fusion in patients with decompensated cirrhosis. Survival (A) and
complication-free survival (B) in three groups within 12 months of fol-
low-up. One patient in the MNC group and one in the placebo group
died and were excluded from the analysis (two deaths total). Hepa-
tocellular carcinoma (HCC) and liver transplantation were considered
complications. Two patients in the CD133"* group and one in the pla-
cebo group underwent liver transplantation. Furthermore, 1 patient
in the MNC group developed HCC and was also excluded from the
analysis. Abbreviation: MNC, mononuclear cell.

secondary to splenomegaly [31]. These abnormalities in cirrhotic
patients result in increased PT and INR [32]. The improved INR in
the CD133" group might be indicative of the positive effect of
the transplanted cells on hepatic regeneration capacity. The total
bilirubin was also reduced in the CD133" group, potentially indicat-
ing some immunomodulatory effects of the CD133" cells as well.
However, more studies are required to reveal the mechanism of
interaction between CD133" cells and liver parenchymal cells.

We did not find any therapeutic benefit based on the MELD
score in the MNC group compared with the placebo group. This
finding is in agreement with a report on the use of BM-MNCs
in conjunction with standard medical treatment in decompen-
sated alcoholic liver cirrhosis [17].

In order to exclude any confounding beneficial effects of other
treatment modalities, we did not include cirrhotic patients with active
autoimmune hepatitis or active chronic viral hepatitis B or C who re-
quired specific treatment for the underlying etiology of their cirrhosis.
Nonetheless, the recruited patients had different etiologies. Therefore,
the heterogeneity of our patients in terms of the causative factors of
the cirrhosis could have resulted in an underestimation of the beneficial
effects of CD133" cell therapy in decompensated cirrhosis. However,
we also observed significant changes in variables such as total bilirubin
in the placebo group at months 3 and 6. This observation underscores
the fluctuations commonly observed in patients with decompensated
cirrhosis. Future trials with increased numbers of more homogenous
patients at baseline are required to confirm our observation.

CONCLUSION

Although a transientimprovementin liver function was observedin
cirrhotic patients after repeated intraportal infusion of CD133" cells
but not MNCs, it was insufficient to effectively improve liver cirrho-
sis. The limited number of patients in the present study resulted in
low statistical power. Moreover, our trial was limited by the differ-
ent etiologies for cirrhosis and baseline patient heterogeneity. Fur-
ther studies with higher numbers of patients are warranted to
better clarify the effect of CD133" infusion on cirrhosis.
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