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ABSTRACT
Acute-on-chronic liver failure (ACLF) is a severe, life-threatening complication, and new and efficient
therapeutic strategies for liver failure are urgently needed. Mesenchymal stem cell (MSC) transfusions have been shown to reverse fulminant hepatic failure in mice and to improve liver function in
patients with end-stage liver diseases. We assessed the safety and initial efficacy of umbilical cordderived MSC (UC-MSC) transfusions for ACLF patients associated with hepatitis B virus (HBV) infection. A total of 43 ACLF patients were enrolled for this open-labeled and controlled study; 24 patients
were treated with UC-MSCs, and 19 patients were treated with saline as controls. UC-MSC therapy
was given three times at 4-week intervals. The liver function, adverse events, and survival rates were
evaluated during the 48-week or 72-week follow-up period. No significant side effects were observed during the trial. The UC-MSC transfusions significantly increased the survival rates in ACLF
patients; reduced the model for end-stage liver disease scores; increased serum albumin, cholinesterase, and prothrombin activity; and increased platelet counts. Serum total bilirubin and alanine
aminotransferase levels were significantly decreased after the UC-MSC transfusions. UC-MSC transfusions are safe in the clinic and may serve as a novel therapeutic approach for HBV-associated ACLF
patients. STEM CELLS TRANSLATIONAL MEDICINE 2012;1:725–731

INTRODUCTION
Liver failure is a serious clinical syndrome characterized by massive necrosis of hepatocytes due
to a variety of acute or chronic injuries that are
induced by alcohol consumption, hepatotoxic
drugs, autoimmune attack of hepatocytes, or infection with viruses, such as hepatitis B virus
(HBV) and hepatitis C virus (HCV) [1–3]. In China,
HBV infection accounts for the highest proportion of liver failure cases. In particular, some
chronic hepatitis B (CHB) patients may rapidly
progress toward acute-on-chronic liver failure
(ACLF) [4], which is a severe, life-threatening
condition, and liver transplantation is considered
the standard treatment for these patients.
However, several limitations, such as limited
numbers of donors, long waiting lists, high
cost, and multiple complications (e.g., rejection, problems associated with the long-term
use of immunosuppressants, and perioperative morbidity and mortality) have restricted
the use of liver transplantation in many ACLF
patients. Therefore, new strategies to delay or
prevent disease progression of liver failure are
urgently required.

Mesenchymal stem cells (MSCs) are multipotent cells that have self-renewing abilities and
the potential to differentiate into various types
of cells, including hepatocytes [5, 6]. More importantly, these cells can interact with immune
cells, leading to immunomodulation [7, 8]. MSCs
appear to be effective in regulating the invoked
immune response in settings such as tissue injury, transplantation, and autoimmunity [8, 9]. In
particular, MSCs have been used therapeutically
in clinical trials for graft-versus-host disease following bone marrow transplantation [10], and
they have also been used recently to treat liver
diseases in animal models and patients. Several
studies have shown that the infusion of bone
marrow-derived MSCs (BM-MSCs) can ameliorate liver fibrosis [11, 12] and reverse fulminant
hepatic failure in experimental mice [13, 14]. Infusions of autologous BM-MSCs or umbilical cord
mesenchymal stem cells (UC-MSCs) have significantly improved liver function in patients with
liver cirrhosis [15–18] and liver failure [19], and
been found. Although these studies have indicated that MSCs have the potential to improve
liver function in patients with chronic liver diseases, their safety and efficacy (in particular
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Table 1. Baseline characteristics of the acute-on-chronic liver
failure patients
Characteristic

Age
Median
Range
Gender
Male
Female
Serum total protein (g/l)
Serum albumin (g/l)
Total bilirubin (mol/l)
Alanine aminotransferase (U/l)
Cholinesterase (U/l)
Prothrombin activity (%)
Platelets (⫻109/l)

UC-MSC
transfusions,
n ⴝ 24 (%)

Control,
n ⴝ 19 (%)

40
24–59

45
26–62

20 (83.3%)
4 (16.7%)
42–70
24–44
124.7–631.3
17–1065
1031–6782
13–40
15–190

15 (78.9%)
4 (21.1%)
39–74
22–42
136.8–678.5
25–762
983–6141
15–40
18.4–187

Abbreviation: UC-MSC, umbilical cord-derived mesenchymal stem cell.

whether MSC therapy increases the survival of ACLF patients)
remain obscure.
This open-labeled, parallel-controlled, phase I/II trial was
aimed at determining the safety and initial efficacy of UC-MSC
transfusions in ACLF patients. No significant adverse effects were
observed. The UC-MSC transfusions significantly increased the
survival of ACLF patients and improved liver functions. These
results demonstrate that the UC-MSC transfusions are safe and
can serve as a novel therapy for ACLF patients in the clinic.

PATIENTS AND METHODS
Patients
This open-labeled and controlled study was registered at the
NIH’s ClinicalTrial.gov site (no. NCT01218464) and was authorized by the General Logistic Ministry of Health, China. The study
protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki. After approval of the project by the ethics
committee of our hospital, 43 ACLF inpatients at our hospital
with associated chronic HBV infection between March 3, 2009,
and September 3, 2010, were recruited. All patients gave written
informed consent in accordance with the institutional review
board guidelines for the protection of subjects. Among the 43
participants, 24 were treated with UC-MSCs, and 19 were
treated with saline as controls. The baseline data were comparable in the two groups (Table 1). Patients in the treatment group
were given UC-MSC transfusions, whereas patients in the control
group received saline infusions. All patients received the same
conventional treatment throughout the study; for example, all
the CHB patients received antiviral therapy by using lamivudine
(100 mg daily) treatment. In addition, the ACLF patients with
ascites in both MSC-treated and control groups received the
same dose of diuretics (40 mg spironolactone daily plus 20 mg of
furosemide daily) until the loss of ascites. Patients presenting the
following situations were excluded: history of variceal bleeding;
recent infection; bleeding tendency, ascites ultrafiltration,
and/or dialysis during the last 2 months before enrollment; presence of severe renal, respiratory, or cardiac disease or any detectable tumor by ultrasonography, computed tomography, or
magnetic resonance imaging; evidence of extrahepatic biliary
diseases (e.g., presence of primary sclerosing cholangitis or dilated common bile duct by ultrasonography); detection of hepatic, portal, or splenic vein thromboses by Doppler ultrasonog-

raphy; active substance abuse; lack of a supportive family; or
unwillingness to sign the informed consent form.

Preparation and Identification of UC-MSCs
With the written consent of the maternity patients, fresh human
umbilical cords were obtained after birth and collected in cold
␣-minimal essential medium (␣-MEM) (Gibco Invitrogen, Carlsbad, CA, http://www.invitrogen.com). Viruses, including HBV,
HCV, HIV, and cytomegalovirus, were monitored in all umbilical
cords and prepared UC-MSC samples. Virus-free UC-MSCs were
prepared in an approved cGMP-compliant facility according to
previous studies [18, 20]. Briefly, the mesenchymal tissues in
umbilical cord Wharton’s jelly were diced into cubes of approximately 0.5 cm3 and then washed with Hanks’ balanced saline
solution (Gibco Invitrogen). Then, the tissue pellets were seeded
in a tissue culture flask (Corning Enterprises, Corning, NY, http://
www.corning.com) in ␣-MEM supplemented with 10% fetal bovine serum (StemCell Technologies, Vancouver, BC, Canada,
http://www.stemcell.com). The medium was replenished every
3 days. After 12–15 days of culture, the adherent cells were cultured to confluence (first passage). Then, the UC-MSCs were
cultured and collected between the third and fourth passages for
transfusion. For UC-MSC quality control, the cultured cells at the
third passage were tested for the expression of phenotypes such
as CD31, CD34, CD105, CD45, CD90, CD44, CD73, and human
leukocyte antigen (HLA)-DR and were cultured for osteogenesis
and adipogenesis differentiation assays.

UC-MSC Transfusions
Approximately 0.5 ⫻ 106 UC-MSCs per kilogram of body weight
at the fourth passage were infused intravenously through the
cubital vein of the arm. Bacteriological tests were performed at
every passage and prior to injection. The controls received the
same volume of saline. The patients were discharged after 6
hours of observation. Each patient received UC-MSC or saline
treatment three times at 4-week intervals (Fig. 1).

Trial Design
All participants were followed up for 48 weeks after the first
infusion of UC-MSCs or saline, and the clinical parameters were
tested. The following liver function tests were performed on
weeks 1, 2, 4, 8, 12, 24, 36, and 48: serum alanine aminotransferase (ALT), total bilirubin (TBIL), albumin (ALB), cholinesterase
(CHE), prothrombin activity (PTA), platelet count, and the model
of end-stage liver disease (MELD) score. Medical histories were
taken, and physical examinations were also performed at each
visit to record such symptoms as fever, peripheral edema, rash,
nausea, and vomiting. All patients were further followed up to 72
weeks for the analysis of survival (Fig. 1).

Statistical Analysis
All data were analyzed using SPSS 13.0 for Windows software
(SPSS, Chicago, IL, http://www.spss.com). Multiple comparisons
were made among the different groups using the Kruskal-Wallis
H nonparametric test. Comparisons between various individuals
were performed using the Mann-Whitney U test, whereas comparisons within the same individual were performed using the
Wilcoxon matched pairs t test. Actuarial overall survival rates
were analyzed by the Kaplan-Meier method, and survival was
measured in weeks from diagnosis to death or the last review.
For all tests, two-sided p ⬍ .05 was considered to be significant.
STEM CELLS TRANSLATIONAL MEDICINE
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Figure 1. Timeline of UC-MSC treatments
in acute-on-chronic liver failure (ACLF) patients. UC-MSC transfusions were given to
the ACLF patients three times at the baseline (0-week), 4-week, and 8-week time
points. The clinical parameters were
tested at the 0-, 1-, 2-, 4-, 8-, 12-, 24-, 36-,
and 48-week time points during the follow-up. For survival analysis, the follow-up was prolonged to 72 weeks.
Abbreviation: UC-MSC, umbilical cord-derived mesenchymal stem cell.

RESULTS
Characteristics of UC-MSCs
UC-MSCs have the potential for osteogenic and adipogenic differentiation in conditioned medium. These cells highly expressed
CD44, CD90, CD73, and CD105 but did not express CD31, CD34,
CD45, or HLA-DR, as described in our recent report [18], indicating that these UC-MSCs showed similar characteristics to those
of previously reported BM-MSCs.

Safety of UC-MSC Transfusions in ACLF Patients
Since safety is a major concern regarding UC-MSC therapy for
ACLF patients, we observed the long-term adverse events during
the 48 weeks of follow-up. We monitored uric acid, creatinine,
lactate dehydrogenase, and alkaline phosphatase levels before
and after the UC-MSC transfusions and found that all parameters
were within their respective normal ranges. Two patients developed a self-limiting fever (body temperature, 37°C–38°C) within
2– 6 hours after the UC-MSC transfusions but recovered within
12 hours without any additional treatment. In the control group,
none of the patients developed a fever. No complications or side
effects were found in the UC-MSC-treated patients during the
follow-up period. Therefore, the UC-MSC transfusions in the
ACLF patients were considered to be safe in the clinic.

UC-MSC Transfusions Reduced the MELD Score for ACLF
Patients
The MELD score is generally used to evaluate the prognosis of
end-stage liver diseases. We found that the MELD scores were
simultaneously decreased in the UC-MSC treatment and control
groups. Notably, the baseline MELD scores were similar between
the UC-MSC treatment group and the control group (24.05 vs.
26.32, p ⫽ .099); however, the MELD scores were decreased
more in the UC-MSC-treated patients than the control group at
weeks 4, 8, and 12, thus leading to a slight statistical difference
between the UC-MSC treatment and control groups (Fig. 2).
These data indicate that the UC-MSC treatment may improve the
prognosis for the ACLF patients.

UC-MSC Transfusions Improve Liver Function and
Alleviate Liver Damage
ALB is a major protein produced in liver. In advanced liver disease, the level of the serum ALB is reduced. CHE is an enzyme
synthesized by hepatocytes whose activity is decreased when
the liver is injured. PTA is a protein made by the liver and is a
useful test of liver function, since there is a good correlation

www.StemCellsTM.com

Figure 2. UC-MSC treatment improved model of end-stage liver
disease (MELD) scores for acute-on-chronic liver failure patients.
The MELD scores were not shown to be markedly different between
two groups at baseline. After UC-MSC treatment, the MELD scores
were significantly decreased at weeks 4, 8, and 12 as compared with
the corresponding control. Abbreviations: UC-MSC, umbilical cordderived mesenchymal stem cell; w, week.

between abnormalities of PTA and the degree of liver dysfunction. To investigate the impact of UC-MSCs on liver synthesis
functions, ALB, CHE, and PTA levels were analyzed (Fig. 3). At 12
weeks after the first UC-MSC transfusion, the ALB levels increased markedly as compared with the baseline and control
groups. By contrast, in the control group, the ALB levels did not
show any obvious change during the 48 weeks of follow-up (Fig.
3A). The CHE levels also increased significantly 12 weeks after
the first UC-MSC transfusion; this increase occurred earlier than
in control groups (where it occurred at week 36) (Fig. 3B). In
addition, the PTA levels increased significantly 1 week after the
first UC-MSC treatment, and this increase occurred earlier than
that in the control (4 weeks after the first treatment) (Fig. 3C).
Furthermore, the PTA levels were higher in the UC-MSC treatment group than in the control group at the 2-, 4-, 8-, 36-, and
48-week time points, suggesting that UC-MSC transfusion may
improve thrombin function earlier in the ACLF patients.
ALT is an enzyme that is located in liver cells; it leaks out and
makes its way into the general circulation when liver cells are
injured. This is thought to be a specific indicator of liver inflammation. TBIL, which is a breakdown product of heme, may be
elevated in liver or biliary tract diseases. In this study, the effects
of the UC-MSC transfusions on alleviating liver damage were also
observed through analyzing ALT and TBIL levels. The TBIL levels
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Figure 3. Impact of UC-MSC transfusions on liver function. The levels of albumin, cholinesterase, prothrombin activity, total bilirubin, alanine
aminotransferase, platelet count, hemoglobin, and total cholesterol were tested at the 0-, 1-, 2-, 4-, 8-, 12-, 24-, 36-, and 48-week time points.
ⴱ, p ⬍ .05, ⴱⴱ, p ⬍ .01 compared with baseline; ‚, p ⬍ .05, ‚‚, p ⬍ .01 compared with the control in the corresponding time point.
Abbreviation: UC-MSC, umbilical cord-derived mesenchymal stem cell.
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Figure 4. UC-MSC transfusions improved serum ␣-fetoprotein (␣-FP) level in one acute-on-chronic liver failure patient. (A): The level of ␣-FP
increased after the UC-MSC transfusions (black line) but remained stable in a representative control case (blue line). (B): The levels of serum
total protein, albumin, and prothrombin activity increased and total bilirubin decreased significantly compared with baseline after the
UC-MSC transfusion during the follow-up period. Abbreviation: UC-MSC, umbilical cord-derived mesenchymal stem cell.

significantly decreased 1 week after the first UC-MSC transfusion. This decrease occurred earlier than in the controls (8 weeks
after the first treatment) (Fig. 3D). In addition, there was a significant difference between the UC-MSC treatment and salinetreated controls at the 36- and 48-week time points. After UCMSC treatment, the ALT levels decreased significantly compared
with the baseline throughout the 48 weeks of follow-up (Fig. 3E).
In the controls, no significant difference was found compared
with the baseline. Interestingly, the number of platelets increased gradually after UC-MSC treatment, becoming significantly higher than the baseline and control at the 36- and 48week time points (Fig. 3F). The hemoglobin level in the UC-MSC
treatment group also gradually increased and was higher than
baseline and the corresponding controls at the 36- and 48-week
time points (Fig. 3G). By contrast, the hemoglobin level decreased in the controls during 24 weeks of follow-up and then
gradually became elevated, with no marked differences compared with the baseline at the 36- and 48-week time points. The
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levels of total cholesterol were increased at 8 weeks after the
first UC-MSC transfusion (Fig. 3H). These results indicated that
the UC-MSC treatments potentially improved the liver synthesis
functions and alleviated liver damage.

UC-MSC Transfusions May Promote Hepatocyte
Proliferation
Importantly, the UC-MSC treatment was shown to potentially
improve hepatocyte proliferation by the detection of serum
␣-fetoprotein (␣-FP) levels in the participants. One ACLF patient
at the middle stage displayed the following test results at baseline: TBIL, 172.1 mol/l; PTA, 28%; and ␣-FP, 14 ng/ml. Surprisingly, the level of ␣-FP increased from 14 ng/ml at the baseline to
7,170 ng/ml 1 week after the first UC-MSC treatment, and it
remained at a high level during the subsequent 8 weeks of follow-up (Fig. 4). No supporting evidence of hepatocellular carcinoma (HCC) was found. By contrast, no obvious change in the
␣-FP level was found in control group. Accordingly, the levels of

730

MSC Treatment for Acute-on-Chronic Liver Failure

total protein, ALB, and PTA were also increased, and the TBIL
decreased significantly as compared with baseline after UC-MSC
transfusion.

UC-MSC Treatments May Help the Recovery of ACLF
Patients
For the survival analysis, the enrolled ACLF patients were followed up for 72 weeks; 87.5% (21 of 24) patients in the UC-MSC
treatment group and 89.5% (17 of 19) patients in the control
group were followed up for 72 weeks. The survival curve for
these participants during the 72 weeks is shown in Figure 5. During the first 12 weeks of follow-up, 5 patients (20.8%) in UC-MSC
treatment group and 11 patients (47.4%) in control group died.
The results showed that the UC-MSC treatments helped the recovery of ACLF patients as compared with the saline control
(p ⫽ .015).

DISCUSSION
Stem cell-based therapies are emerging as a novel alternative for
the treatment of end-stage liver diseases [21]. In particular, BMMSC transfusions have been demonstrated to be safe and feasible in clinical use for the treatment of chronic liver cirrhosis and
liver failure [15–17, 19]. Our recent trial has shown that UC-MSC
treatment improves liver function and ascites in decompensated
liver cirrhosis patients [18]; however, it remains obscure whether
UC-MSC treatment exerts therapeutic effects on ACLF patients.
Our findings indicate that UC-MSC transfusion through the
peripheral vein is safe and feasible in ACLF patients. Compared
with BM-MSCs, UC-MSCs may be the better choice for treatment
of liver disease. One main reason is that the proliferative abilities
of BM-MSCs from patients with chronic HBV infection are deficient [22], whereas UC-MSCs can be obtained from discarded
umbilical cords and can be produced on a larger scale. It has been
reported that the infusion of human UC-MSCs can improve liver
fibrosis in rats and human [18, 23, 24]. This study indicated that
the UC-MSC treatments significantly enhanced general liver
function as indicated by increased liver functional markers, including ALB, CHE, and PTA levels. In particular, the treated ACLF
patients exhibited a decreased MELD score and increased survival rate, and no significant side events were found, indicating
the potential therapeutic effects on ACLF.
The mechanisms underlying the improvement of liver function by UC-MSC treatment remain obscure. One possibility is that
the UC-MSCs may differentiate into hepatocytes in vivo. Our
study indicated a significant increase of ␣-FP level at 1 week after
the first UC-MSC treatment in one ACLF patient. In this patient,
the quick increase of ␣-FP was followed by the improvement of
general liver function, indicated by a subsequent increase in the
liver synthesis functional marker ALB and PTA and a simultaneous decrease in the liver injury marker TBIL. Furthermore, no
supporting evidence of HCC was found. These findings, in combination with several previous studies in which MSCs have the
potential to differentiate into hepatocytes in vitro and in vivo
[25, 26], suggested a possibility of differentiation of transfused
UC-MSCs into hepatocytes in vivo in the patients. Indeed, UCMSCs can also secrete high levels of hepatic growth factor [18],
which may facilitate hepatocyte proliferation [27]. However, we
should be cautious in interpreting the observations in this patient. Only one ACLF patient displayed an increase ␣-FP after
UC-MSC treatment. In addition, the rescue of ACLF in such a

Figure 5. UC-MSC treatments improved the survival of acute-onchronic liver failure (ACLF) patients. Patients in the treatment group
were given UC-MSC transfusions three times at 4-week intervals,
whereas patients in the control group received saline infusions. All
patients received the same conventional treatment throughout the
study. The UC-MSC treatment increased the survival rate for ACLF
patients compared with the saline-treated controls. Abbreviation:
UC-MSC, umbilical cord-derived mesenchymal stem cell.

short period may suggest that differentiation of donor cells into
hepatocytes was not the primary cause of the condition. This
hypothesis is also supported by several other animal studies,
which have shown that only a few (1%–3%) transplanted donor
cells have the ability to differentiate into hepatocytes [13, 27,
28]. Notably, although differentiation of some of the transplanted UC-MSCs into hepatocytes was possible, the rapidity of
ACLF recovery may suggest that UC-MSC-mediated therapeutic
effects may be involved several indirect mechanisms other than
functional complementation from direct differentiation.
Another possible explanation is that the UC-MSCs largely enhanced the resident hepatocyte function. Several previous reports have shown that MSCs have the capacity to secrete various
bioactive molecules, such as some growth factors and cytokines
[29 –31]. Such effects can also conceivably enhance endogenous
cell proliferation and revascularization of the liver, as shown in
an animal model [12]. The contribution of paracrine effects is
further supported by a recent study in which MSC-derived conditioned medium (MSC-CM) treatment can induce selective emigration of homed leukocytes out of the injured liver, thus
modulating the immune response to liver injury [11]. This observation demonstrates the therapeutic benefit of using MSC-derived biomolecules for treatment of acute liver injury. In addition, MSC-CM treatment can also prevent hepatocyte apoptosis
and inhibit bile duct duplication [11]. Indeed, the immunosuppressive properties of MSCs have already been implicated in human disease [7]. MSCs can act through multiple mechanisms to
coordinate a dynamic, integrated response to liver injury, and
additional studies to examine these multicellular effects are warranted. Further investigation is also needed to determine
whether these direct or indirect effects of UC-MSCs, as well as
the temporal sequence of histological changes, are the primary
targets of UC-MSCs or merely secondary effects.
Notably, the present study was conducted on larger groups
relative to previous studies [15–17], and the control and treatment groups were homogeneous in the etiology of liver disease
and their baseline clinical characteristics (Table 1). Therefore,
this design, at least to some extent, provides more convincing
data related to safety and efficacy of UC-MSCs in the treatment
of ACLF patients. Similar to our recent study [18], several other
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limitations were also present in this study. First, we did not track
the infused UC-MSCs in patients in vivo. Second, we did not document the histological alterations in the liver in the studied patients because liver biopsies carry a high risk in ACLF patients.
These points will be considered in further studies. The present study
also highlights several key issues that will need to be considered in
the design of future clinical studies, such as the optimal type of stem
cells that will be infused, the minimum effective number of the cells,
and the best route of administration. We have proposed a randomized control trial of UC-MSC treatment, which may further ascertain
the efficacy of UC-MSC treatment in ACLF patients.

CONCLUSION
In conclusion, our findings demonstrate that UC-MSC transfusion
via a peripheral vein is well tolerable and, at least in part, effective in the treatment of ACLF. Partial improvements in liver function and decreases of MELD scores in some ACLF patients are
promising. Although we identified the reduction of mortality
rates in this study, the protocol for treatment with UC-MSCs
should be further refined, and its efficacy should be further assessed in randomized trials with a large cohort study.
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