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Abstract

Background and Aim: Ursodeoxycholic acid (UDCA) treatment is an effective medical
therapy for patients with primary biliary cirrhosis (PBC); however, 40% of PBC patients
show an incomplete response to the UDCA therapy. This study aimed to investigate the
safety and efficacy of umbilical cord-derived mesenchymal stem cell (UC-MSC) transfu-
sion in PBC patients with an incomplete response to UDCA.

Methods: We conducted a single-arm trial that included seven PBC patients with a
suboptimal response to UDCA treatment. UC-MSCs were first cultured, and then 0.5 x 10°
cells/kg body weights were infused through a peripheral vein. UC-MSCs were given three
times at 4-week intervals, and patients were followed up for 48 weeks. Primary outcomes
were to evaluate the safety and feasibility of UC-MSC treatment, and secondary outcomes
were to evaluate liver functions and patient’s quality of life.

Results: No obvious side-effects were found in the patients treated with UC-MSCs.
Symptoms such as fatigue and pruritus were obviously alleviated in most patients after
UC-MSC treatment. There was a significant decrease in serum alkaline phosphatase and
v-glutamyltransferase levels at the end of the follow-up period as compared with baseline.
No significant changes were observed in serum alanine aminotransferase, aspartate ami-
notransferase, total bilirubin, albumin, prothrombin time activity, international normalized
ratio, or immunoglobulin M levels. The Mayo risk score, a prognostic index, was also
stable during the treatment and follow-up period.

Conclusions: UC-MSC transfusion is feasible and well tolerated in patients with PBC
who respond only partially to UDCA treatment, thus representing a novel therapeutic
approach for patients in this subgroup. A larger, randomized controlled cohort study is
warranted to confirm the clinical efficacy of UC-MSC transfusion.
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have a life expectancy comparable with the general population;?

Intr ion ) :
troductio however, more than 40% of patients have an incomplete response

Primary biliary cirrhosis (PBC) is a progressive autoimmune liver
disease that causes substantial loss of intrahepatic bile ducts, ulti-
mately resulting in cholestasis, advanced fibrosis, cirrhosis, liver
failure, and even hepatocellular carcinoma. Ursodeoxycholic acid
(UDCA) is currently the only drug specifically approved for the
treatment of PBC.! Patients who respond to UDCA treatment
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to UDCA, resulting in progressive disease necessitating liver
transplantation or death from liver-related causes.?

Currently, no efficient treatment is clinically available for this
population of UDCA-resistant patients. Several clinical trials
using different therapeutic agents to treat PBC patients with
an incomplete response to UDCA, including silymarin,* oral
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budesonide,’ atorvastatin,’ methotrexate’ and rituximab,®’ have
either failed to show significant clinical benefit or have some
unacceptable safety profiles. Therefore, a new strategy to delay or
prevent disease progression in PBC patients with an incomplete
response to UDCA is urgently required.

Mesenchymal stem cells (MSCs) are multipotent non-
hematopoietic progenitor cells capable of differentiating into mul-
tiple lineages.!®'* MSCs have been used as a therapeutic strategy
for tissue regeneration and repair, and their potential immuno-
modulatory capacity has also raised significant clinical
interest.'*!"” Although these properties are not completely under-
stood, emerging evidence from animal and human studies makes
MSCs a promising therapeutic tool for autoimmune disease. The
umbilical cord-derived MSC (UC-MSC) is of particular interest
because of its relatively easy accessibility and abundant source,'®
making it a good substitute for MSC in future clinical studies.

Recently, transfusion of UC-MSCs has been reported to signifi-
cantly improve symptoms in patients with severe autoimmune
diseases, such as severe and refractory systemic lupus erythema-
tosus,” therapy-resistant rheumatoid arthritis,” and immune
thrombocytopenia patients,”! with few adverse effects. Recently,
our own research has indicated that UC-MSC therapy is well
tolerated and has the potential to improve liver function, and
reduce ascites and mortality in hepatitis B virus-associated
patients with decompensated liver cirrhosis®® and liver failure,?
respectively. The goal of the present pilot study was to evaluate the
safety and initial efficacy of UC-MSC transplantation in PBC
patients with an incomplete response to UDCA therapy.

Materials and methods

Patients. Seven PBC patients with an incomplete response to
UDCA were enrolled in the study between May 6, 2010 and March
5, 2011 in Research Center for Biological Therapy/Beijing 302
Hospital. These patients (ages between 33 and 58 years) were
diagnosed with PBC based on the presence of an antimitochon-
drial antibody (AMA) titer > 1 : 40, and serum alkaline phos-
phatase (ALP) at least twice the upper limit of normal in the
absence of biliary obstruction, which was in accordance with the
American Association for the Study of Liver Diseases practice
guidelines.! Additionally, enrolled patients did not have a normal-
ization of their ALP after a minimum of six months of treatment
with adequate doses of UDCA.#**? The exclusion criteria were as
follows: pregnancy; coexisting liver disease (hepatitis A, hepatitis
B, and hepatitis C, etc.); vital organ failure (cardiac, renal, or
respiratory); the presence of any underlying neoplasm; the pres-
ence of hepatic, portal, or splenic vein thromboses on Doppler
ultrasonography; treatment with immunosuppressive medication
or any experimental drug within six months of enrollment; evi-
dence of extrahepatic biliary disease; active substance abuse; lack
of a supportive family; and if the patients were unwilling to sign
the informed consent form.

This study was registered at ClinicalTrials.gov of the National
Institutes of Health of the USA (registration number:
NCTO01662973) and was authorized by the General Logistic Min-
istry of Health, China. After the approval of the project by the
Ethics Committee of Beijing 302 Hospital, all patients signed a
written informed consent form in accordance with the Institutional
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Review Board guidelines for the protection of human subjects.
Mayo risk score (MRS) for patient 2 suggested that he is the most
optimal candidate for liver transplantation, but there is no matched
liver donor for him, therefore he received UC-MSC treatment.

Preparation, identification, and transfusion of
UC-MSC. UC-MSCs were prepared, identified, and transfused
according to our recently published protocol.” In brief, the mes-
enchymal tissues from umbilical cord vessels were diced into
cubes, washed, and finally seeded into a T75-cm? tissue culture
flask. The fourth passages of UC-MSCs were used for clinical
transfusion into patients. Before transfusion, UC-MSCs were sub-
jected to quality control, including the detection of CD31, CD34,
CD105, CD45, CD90, CD29, CD44, CD73, and human leukocyte
antigens-D region (HLA-DR), ALP, and oil red O staining, as well
as bacteriological testing. Cells were then suspended at a concen-
tration of 0.5 x 10° cells/kg body weight in saline and were slowly
infused intravenously. Each patient received a UC-MSC transfu-
sion once every four weeks on three occasions and was then
followed up for an additional 40 weeks (Fig. 1). During the treat-
ment and follow-up period, patients were also simultaneously
given traditional UDCA therapy.

Follow-up and outcome measures. PBC patients with
an incomplete response to UDCA were treated with UC-MSCs
transfusions in combination with standard UDCA therapy. The
following tests were performed at week 0, 24, and 48 after the
onset of UC-MSC treatment. At each visit, a general physical
examination and laboratory studies were carried out, including:
liver function tests for serum total bilirubin (TBil), albumin
(ALB), ALP, aspartate aminotransferase (AST), alanine ami-
notransferase, y-glutamyltransferase (GGT), immunoglobulin A
(IgA), immunoglobulin G (IgG), immunoglobulin M (IgM), total
cholesterol, and a-fetoprotein (AFP); renal function markers
including urea, uric acid (UA), and creatinine (CRE); thrombin
markers including prothrombin time activity (PTA), and interna-
tional normalized ratio (INR); and routine blood tests including
white blood cell count and hemoglobin and platelet counts. The
volume of hypogastric ascites was determined by ultrasonography,
and the MRS* and model for end-stage liver disease (MELD)
score were used to evaluate prognosis. History taking and physical
examinations were also performed at each clinical visit. The pres-
ence of fatigue, pruritus, fever, peripheral edema, rash, nausea,
vomiting, and other complications were recorded in detail at each
visit.

MRS is calculated using the following equitation: =0.871 X
loge (bilirubin[mg/dL]) —2.53 xloge (ALB [g/dL])+0.039 x
age(years) + 2.38 x loge(prothrombin time [s])+ 0.859 edema
(0O=no edema, no diuretic therapy; 0.5 =edema, no diuretic
therapy or no edema, diuretic therapy; 1 =edema and diuretic
therapy); MELD score is calculated using the following
equation: = 3.8 x loge[bilirubin(mg/dL)] + 11.2 x loge(INR) +
9.6 x loge[CRE(mg/dL)] + 6.4 x (biliary or alcoholic = 0; others =
1).

Statistical analysis. Statistical analyses were performed
using SPSS statistical software (version 13.0; SPSS Inc., Chicago,
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Protocol for umbilical cord-derived mesenchymal stem cell (UC-MSC) treatment in primary biliary cirrhosis (PBC) patients with an

incomplete response to ursodeoxycholic acid (UDCA). UC-MSC transfusions were given to the patients three times at the baseline (0-week), 4-week,
and 8-week time points. The clinical parameters were tested at the 0-, 24-, and 48-week time points during the follow-up period.

Table 1 Baseline characteristics of enrolled patients

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Age (years) 58 46 49 54 33 46 57

Gender (M/F) F M F F F F F

History PBC (years) 6 6 6 7 7 2 12

AMA Positive Positive Positive Positive Positive Positive Positive

Ascites None None Mild Mild Minimal None Minimal
Presence of fatigue + + + + + + +

Presence of pruritus + - + - + + +

UDCA treatment start date December 2008 December 2006 April 2010 March 2010 June 2005 June 2010 December 2002

All patients have an incomplete response to ursodeoxycholic acid (UDCA).

AMA, antimitochondrial antibody; PBC, primary biliary cirrhosis.

IL). The two-tailed Wilcoxon matched pairs test was used to evalu-
ate paired biochemical values. Values with P < 0.05 were consid-
ered statistically significant.

Results

Patient characteristics. The demographic and clinical
characteristics of patients at the time of enrollment are summa-
rized in Table 1; this table also indicates when patients begun
UDCA therapy. These patients included one male and six females,
ranging from 33 to 58 years of age. All of the patients had been on
UDCA therapy for at least one year and had shown an incomplete
response to this treatment. All of the patients had reported fatigue,
and five of them had pruritus at the beginning of UC-MSC therapy.
Patient medication was not changed during the study period. The
timeline of UC-MSC treatment in this group of patients is shown
in Figure 1; note that clinical parameters were tested at the 0-, 24-,
and 48-week time points during the study period.

Journal of Gastroenterology and Hepatology 2013; 28 (Suppl. 1): 85-92

Safety of UC-MSC transfusion. Because safety is a
major concern regarding UC-MSC therapy for PBC patients, we
examined the short-term side-effects and long-term adverse events
during the 48 weeks of follow-up. All the seven patients tolerated
the UC-MSC treatment well; only one patient developed a
self-limiting fever (body temperature: 37-38°C) within 5h of
UC-MSC transfusion, which recovered within 12 h without any
additional treatments. No short-term clinical adverse effects, such
as right upper quadrant pain, skin rash, infection, coma, or shock,
were reported. There were no occurrences of long-term complica-
tions, such as hepatocellular carcinoma, upper gastrointestinal
hemorrhage, hepatic encephalopathy, or primary peritonitis within
one year of follow-up.

Additionally, in all the seven patients, no significant alterations
were observed in renal function parameters such as urea, CRE, and
UA levels during the one-year follow-up period. Routine blood
tests (peripheral white blood counts, hemoglobin, platelet, etc.),
serum electrolyte levels (serum Na, serum K and serum Cl, etc.),
and serum AFP levels also remained stable (Table 2).
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Figure 2 Umbilical cord-derived mesenchymal stem cell (UC-MSC) transfusions significantly decrease the serum alkaline phosphatase (ALP) and
Y-glutamyltransferase (GGT) levels in primary biliary cirrhosis (PBC) patients with an incomplete response to ursodeoxycholic acid (UDCA). (a) Serum
ALP, (b) GGT, (c) aspartate aminotransferase (AST), (d) total bilirubin (TBil), (e) alanine aminotransferase (ALT), (f) albumin (ALB), (g) prothrombin time
activity (PTA), and (h) international normalized ratio (INR) were measured at 0 weeks (baseline), 24 weeks, and 48 weeks after the transfusion of
UC-MSCs and continuing UDCA treatment. Each line represents the data from an individual patient. * P < 0.05 in two-tailed Wilcoxon matched pairs
test. 4, Pt 1; 4, Pt 2; =&, Pt 3; ¥, Pt 4, ¢, Pt 5, »—, Pt 6, 4, Pt 7.

Efficacy of UC-MISC transfusion in PBC patients:
Liver function parameters. The combined treatment of
UC-MSC and UDCA led to a significant decrease in serum ALP
levels at the endpoint of the follow-up period (474.29 = 223.26 vs
369.86 = 168.35 IU/L, P =0.044). Interestingly, GGT, another
biochemical marker of cholestasis, also indicated a reduction from
baseline (194 = 140.65 IU/L) compared with the endpoint of the
treatment (132.71 % 129.4 IU/L, P = 0.049). However, no signifi-
cant changes in serum ALP or GGT were observed at 24 weeks
when compared with baseline data. In addition, no significant
changes were noted in all other parameters including serum AST,
TBil, ALB, PTA, INR, and IgM throughout the follow-up period
(Fig. 2 and Table 2).

Journal of Gastroenterology and Hepatology 2013; 28 (Suppl. 1): 85-92

Efficacy of UC-MSC transfusion in PBC patients:
MRS. The MRS was used to predict PBC patient survival.”’” In
this study, there were increasing trends in the MRS for patients 1,
2, 4, and 7. This is of particular interest for patient 2, who dis-
played high levels of MRS but remained stable during the
follow-up period. By contrast, no significant changes of MRS were
found in patient 3, 5, and 6 during the follow-up period. Thus,
when data from all the seven patients were analyzed, there was a
statistically insignificant increase in MRS observed after treatment
with UC-MSCs (3.47 = 3.85) as compared with baseline data
(2.98 = 4.08; P=0.08; Fig.3a). In addition, no significant
changes were found in MELD score throughout the whole process
of this clinical trial (Fig. 3b).

89

© 2013 Journal of Gastroenterology and Hepatology Foundation and Wiley Publishing Asia Pty Ltd



Stem cells and primary biliary cirrhosis

@) P=0.08
r 1

P=0.184 P=0.347

—_
]
)

-
\V]
L

Mayo risk score
(o]

&

T T T T

0 24 48
Time points (weeks)

L Wang et al.

24 48
Time points (weeks)

(b) P=0.766
f 1
P =0.301 P=0.308
124 r " 1
-_— . .
o 8]
o
3
-l
w
= 01 &—%:
-4 v -
0

Figure 3 Mayo risk score (MRS) and model for end-stage liver disease (MELD) score are stable after the umbilical cord-derived mesenchymal stem
cell (UC-MSC) transfusion. The (a) MRS and (b) MELD score were measured at 0 weeks (baseline), 24 weeks, and 48 weeks after the transfusion
of UC-MSCs and continuing ursodeoxycholic acid (UDCA) treatment. Each line represents the data from an individual patient. =, Pt 1; =, Pt 2;

—A-, Pt3; W, Pt4; 4, Pt5 P>, Pt6;, 4, Pt 7.

Efficacy of UC-MSC transfusion in PBC patients:
Clinical symptoms. Fatigue and pruritus are common symp-
toms in patients with PBC. The symptom of fatigue is often
described as perception of exhaustion resulting in a reduction of
physical and mental capacity. We found that all the seven patients
had fatigue to different extents before treatment, while at the end
of the follow-up period, all the patients achieved subjective symp-
tomatic alleviation of fatigue (Table 1). For patients 1, 3, 5, 6, and
7, their pruritus also underwent remission after 48 weeks of
follow-up. In addition, we also found that the hypogastric ascites
volumes of patients 3, 4, 5, and 7 were significantly decreased at
week 24 and 48 since UC-MSC treatment (data not shown).

Discussion

PBC patients with an incomplete response to UDCA remain at
increased risk for disease progression and represent a difficult-to-
treat subpopulation. As such, a novel therapeutic regimen is
urgently needed to treat these patients. UC-MSC transplantation,
which has been shown to have a great impact on the symptoms of
a variety of autoimmune diseases,'*?! has been suggested by our
group to be a potential new therapy to treat PBC patients with an
incomplete response to UDCA therapy. In terms of its mechanism,
UC-MSC treatment may lead to suppression of self-antigen-
induced autoimmune conditions and facilitate repair of the injured
bile duct caused by inflammation; however, the exact mechanism
remains unknown and requires further study.

The present study indicated that UC-MSC transfusion through a
peripheral vein is safe and feasible in PBC patients. No significant
short-term side-effects or long-term complications were found
during the study period. Similar to previous reports with regards to
UC-MSC transfusion for other autoimmune diseases, UC-MSC
treatment ameliorated some of the clinical symptoms in PBC
patients and, therefore, may be clinically useful in the future.
Importantly, this study suggests that UC-MSC treatment in PBC
patients with an incomplete response to UDCA is clinically fea-
sible and potentially efficacious. Serum ALP levels and MRS are
two key parameters for the definition of response to treatment in
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patients with PBC; our data indicate that UC-MSC transfusion can
significantly reduce the serum ALP levels and stabilize MRS
during a 48-week follow-up period.

Our data also indicated that UC-MSC transfusion can improve
the quality of life of patients with PBC. Fatigue and pruritus are
the most common complaints from patients with PBC, which often
affect the performance of daily activities and are significant con-
tributors to impaired health-related life quality.”®* After UC-MSC
treatment, all patients subjectively felt an improvement in their
level of fatigue and pruritus at the endpoint of treatment. While
this finding is promising, future studies should quantify fatigue
and pruritus using more objective measures, such as the fatigue
impact score®® and the PBC-40 fatigue domain score? for fatigue,
and the 5-D itch scale’! and the visual analog scale® for pruritus.

Previous studies have shown that UC-MSC transfusion could
reduce the titer of autoimmune antibodies in some types of auto-
immune diseases. For example, Sun ef al.'” found that serum
anti-double-stranded deoxyribonucleic acid antibodies became
undetectable in some severe and refractory systemic lupus erythe-
matosus patients after UC-MSC transfusion. Similarly, Ma et al.*!
demonstrated that UC-MSC treatment markedly suppressed IgG
antiplatelet antibody secretion in immune thrombocytopenia
patients. In our study, we assessed autoimmune parameters rel-
evant to PBC, like AMA, IgA, IgM, and IgG; however, our results
showed no obvious changes for all the detected parameters after
treatment with UC-MSC and UDCA. Although we saw no change
in serum AMA levels, it should be noted that there are some
conflicting data on whether the serum level of AMA is correlated
with the severity of PBC and if the AMA titer accurately predicts
patient responses to treatment.**** It is likely that modification of
immune function following UC-MSC treatment will take a long
time to show significant changes, as such, longer follow-up studies
might be required to confirm the beneficial effect of UC-MSC
treatment on these parameters.

Several limitations were present in this study. First, although
some liver function and clinical symptoms were improved after
UC-MSC transfusion, we cannot claim that such improvement is
definitely related to UC-MSC transplantation in our small study
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population of seven patients; rather, it may simply be related to the
persistent UDCA treatment and/or natural course of PBC in these
patients. The implementation of a larger randomized, controlled
trial with a higher number of patients would clarify this issue.
Second, we did not track the fate of UC-MSCs infused into our
patients, which will be important to carry out in the future in order
to understand the mechanism of UC-MSC function. Third, except
for increasing bile flow and changing the hydrophobicity index of
the bile acid pool,> UDCA could inhibit apoptosis, arrest cellular
regeneration and block DNA repair in various cell types from
hepatocytes to neurons.’®* UC-MSC transfusion in combination
with UDCA will raise another concern whether UDCA will affect
the function of UC-MSCs. Fourth, we did not document the his-
tological alterations in the studied patients, which is the gold
standard to evaluate treatment effects. Finally, there were only
three time points for the follow-up study in this clinical trail, more
detailed follow-up time points will be used in the future to provide
an improved temporal resolution of changes in patient parameters
during the follow-up period. Furthermore, the present study high-
lights several key issues that should be considered in future study
designs, such as the minimum effective number of UC-MSCs to be
administered, the optimal route of administration, and the optimal
time for repeated therapy.

This study is the first to apply UC-MSC treatment in PBC
patients. Our current findings demonstrate that UC-MSC transfu-
sion via a peripheral vein is safe and yields promising results with
regard to improved liver function and clinical symptoms in PBC
patients with an incomplete response to UDCA treatment. Our
results suggest that a large-scale, randomized, double-blinded,
placebo-controlled clinical trial is warranted and should be con-
ducted to confirm the use of UC-MSC treatment in this subgroup
of PBC patients.
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