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Introduction

L -
sponse characterized by excessive production of extracel-
lular matrix due to acute or self-limited liver injury. Chang-

es in non-persistent irritation of the liver are usually temporary 
and normal liver architecture can be restored if the pathologic 
cause disappears. However, sustained injuries in chronic disorders 
result in progressive and, under certain circumstances, irreversible 

1,2 

-
sion of hepatic stellate cells (HSCs), appear and secrete an excess 
amount of extracellular matrix proteins.3 It is proposed that stel-

-
sibly, cirrhosis regression.4

Pioglitazone, which is commonly used in type 2 diabetes, is an 

It is known to reduce insulin resistance in muscle, fat and liver 
cells, in addition to regulation of fat metabolism.5,6 

been recently implicated in extracellular matrix remodelling and 
7

8,9 

transformation in HSCs, hepatocytes, and hepatoma cells in vitro. 

10 

-

-

Schistosoma japonicum
7,11,12

Pioglitazone mitigates some clinical complications of cirrhosis, 
which are due to portal hypertension, by its immuno-modulatory 

-
rhotic rats.13 In addition, peroxisome proliferator-activated recep-

-
tion attenuates motor and cognition impairments in the rat animal 
model.14

in non-alcoholic steatohepatitis (NASH).15–25 In 2006, the New 
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England Journal of Medicine published a placebo-controlled tri-
al of daily pioglitazone in patients with NASH. Belford and col-

control group after administration of pioglitazone. Despite the re-

to controls.26 In another pilot study, the combination of pioglita-
-
-

line.27 

Regenerative medicine and stem cell therapy in end-stage liver 
28–31 

Mesenchymal stem cells (MSCs) are commonly investigated in 
a therapeutic setting in cirrhosis.32–35 It has been observed that 

36–38

It was demonstrated that repeated administration of MSCs re-
sulted in more effective cell therapy in different experimental 
models.39–41 Furthermore, repeated transplants of hepatocytes 
supported liver regeneration and prevented the disease.42,43 Boost 
administration of hematopoietic stem cells led to lasting ameliora-
tion in the clinical course of cirrhosis over long-term follow-up.44 

Moreover, we have reported that repeated infusion was three 
times more effective in homing of transplanted MSCs compared 
with the single transplant.45 On the other hand, we have previously 
observed that the combination of Pioglitazone and MSC reduced 

46 

We hypothesized that a combination of both boost MSC injec-
-

brotic effects of each treatment alone. The main objective of this 
study is to assess the safety and feasibility of combination therapy 
in compensated cirrhosis. In addition, we also assessed the revers-

Patients and Methods

Patients
We enrolled two patients diagnosed with compensated cirrho-

sis at the Digestive Disease Research Institute, Tehran University 
of Medical Sciences between June 2010 and August 2010. The 
diagnosis of compensated cirrhosis was made based on clinical 

-

based on liver biopsy six months prior to enrolment (stages 5 or 
6 based on Ishak score).47 Exclusion criteria included decompen-
sated cirrhosis based on clinical and laboratory data (Child Class 
B or C); grades III or IV hepatic encephalopathy during 6 months 
prior to study entry; refractory ascites; elevated serum transam-
inases levels three times the normal values; active autoimmune 
hepatitis manifested as increased level of serum gamma-globulin 
more than twice the normal limit; serum creatinine of more than 
1.5 mg/dL; positive HIV Ab or HCV Ab; HBV DNA level more 
than 200 IU/mL; primary sclerosing cholangitis; hepatocellular 
carcinoma (HCC); active infectious disease; positive history of 
esophageal variceal bleeding one month prior to enrolment; portal 
and/or hepatic vein thrombosis diagnosed by Doppler ultrasound; 
co-morbid conditions that included cardiovascular, pulmonary, 
neurologic, or nephrologic problems; malignancy; substance 
abuse; alcohol consumption; or hepatotoxic medication prescrip-

tion at least three months prior to enrolment. 
This study was approved by the Ethics Committee of the Di-

gestive Disease Research Institute, Tehran University of Medical 
Sciences. The study was conducted in accordance with the Dec-
laration of Helsinki. Written informed consent was obtained from 
patients. The study was registered at the U.S. National Institute of 

This pilot study was conducted on two patients who suffered 
from compensated cirrhosis to determine the safety and feasibility 
of combined daily Pioglitazone and autologous MSC transplan-
tation. Patients were visited at Shariati Hospital, Tehran, Iran one 
day prior to the intervention.  BM aspiration and isolation of MSCs 

patient at Royan Institute, Tehran, Iran. Due to the abundant har-
vest of the second patient’s MSCs, half of the cells were frozen for 
the second injection. MSC transplantation was performed twice at 
6-month intervals. Patients were admitted to the hospital for trans-
plantation where they were observed for 24 hours post-infusion. 
An interventional radiologist conducted the infusion under ultra-
sound guidance. A total of 20 mL of cell suspension was infused 
through a 20 G catheter (PSK, Japan) into the portal vein under 
light sedation and local anesthesia over 5–10 minutes. Pioglitazone 
was taken orally at the dose of 30 mg per day for 12 months. The 
study design is schematically illustrated in Figure 1. The primary 
objective was to assess safety and feasibility of the study. Second-
ary outcomes were absolute changes in MELD score, liver func-
tion tests, and liver volumes at months 3 and 12 post-infusion. 

MSCs were harvested and cultured as previously described.32 

density gradient centrifugation at 435 g for 30 min at room tem-
perature and seeded at a density of 1 × 106 cells/cm2 into T150 cell 

-

LG; Gibco, UK), supplemented with 10% fetal calf serum (Sig-
ma, Germany), 1% penicillin and streptomycin (Gibco, UK), 
and incubated at 37ºC with 5% CO2. Cells were sub-cultured for 

salt solution and incubated in M199 (Gibco, UK) for one hour at 
37°C. Subsequently, the cells were harvested by incubation with 
0.25% trypsin/1 mM EDTA (Gibco, UK) and washed three times 
with M199 supplemented with 1% human serum albumin (HSA). 

-
centration of 1 × 106 -
move cell aggregates. Cell viability was evaluated by the Trypan 
blue exclusion dye method. Characterization of harvested MSCs 

-

cytometry system (BD Biosciences, San Jose, CA, USA). The list 
of antibodies of the characterisation plan is provided in Table 1.

All samples passed quality control tests and contamination was 
ruled out by microbiology assays, complementary mycoplasma 
analysis, and an endotoxin assay. Cytogenetic analysis was per-

-
surance unit at the cGMP Facility at Royan Institute approved the 
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Follow up 
Patients were visited by a physician at baseline and at months 

1, 3, 6, and 12. They were examined for signs and symptoms of 
ascites, edema, and encephalopathy on each follow-up visit. The 
following blood tests were requested prior to and 24 hours af-
ter MSC transplantation and then every three months: complete 
blood count (CBC), serum aspartate aminotransferase (AST), se-
rum alanine aminotransferase (ALT), serum alkaline phosphatase 
(AlkP), serum total bilirubin, blood urea nitrogen (BUN), serum 
creatinine, serum alpha fetoprotein (AFP), prothrombin time 
(PT), and international normalized ratio (INR). In addition, 10 mL 
of venous blood was obtained and the plasma stored at -70°C. A 
trans-abdominal Doppler ultrasound was performed to assess the 
liver and portal vein at baseline, following transplantation, and at 
the end of the follow up period. 

Results

Patients
There were two patients recruited for this study. Patient 1 was a 

40-year-old female with cryptogenic cirrhosis and patient 2 was a 

and characteristic of MSCs are summarized in Tables 2 and 3. 
The baseline characteristics of these patients are summarized in 
Table 4. 

Evaluation of safety and feasibility
Patients were evaluated on each visit for procedural complica-

tions and major adverse effects that included acute renal failure, 
portal hypertension, and progressive elevation in serum AFP. 
None of these events occurred in our patients.

Figure 1.

Antibody Host Species Supplier and Cat. no. Conjugated with

CD73, cloneAD2 Mouse BD 550257 PE

CD90, clone5E10 Mouse BD 555595 FITC

CD105, clone266 Mouse BD 560839 PE

CD45/CD34 Mouse BD 341071 FITC/PE

CD44, cloneC26 Mouse BD 555478 FITC

IgG2b ,clone GC198 Mouse Millipore MABC006F FITC

IgG1/ IgG1 Mouse Dako X0932 FITC/PE

IgG1,k isotype control, clone MOPC-21 Mouse BD 551436 PE 

Table 1. The list of antibodies used in this study.

Patients MNC 1st BMA/mL MNC 2nd BMA /mL MSCs 1stTx (Vi) MSCs 2ndTx (Vi)

Patient 1 6.2 × 108 – 2.31 × 108 (74%) 2.15 × 108 (95%)

Patient 2 1.25 × 108 2.2 × 108 1.4 × 108 (99%) 2.58 × 108 (96%)

BMA = bone marrow aspiration; MNC = mononuclear cell; MSCs = mesenchymal stem cells; Tx = transplantation; Vi = % viability

Table 2. 
1 for whom the BM aspirate was divided into two parts and used for both transplantations.

Patients CD 90 CD 105 CD 73 CD 44

Patient 1 95.0% 95.7% 97.7% 96.3%

99.4% 99.4% 95.0% 95.5%

Patient 2 (second aspiration) 98.7% 97.1% 97.9% 96.4%

Table 3. .
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Liver function assessment
Serum albumin did not change after infusions at baseline and 

month 3 (Table 4). A slight increase in serum albumin was ob-
served in patient 1 at month 6 which returned to baseline at month 
12. MELD score decreased slightly at month 3 and then increased 
again until month 6 and decreased to the level of baseline at 
month 12 in patient 1. In patient 2, MELD score decreased sharp-
ly at month 3 with a subsequent, gradual increase to the level of 

baseline at month 12. INR remained constant in patient 1. How-
ever, INR decreased at month 3 and then remained constant up 
to month 6. Subsequently, there was a slight increase at month 

in patient 1 from 8.5 at baseline to 11 at month 12. However, the 

albumin level, INR and MELD score changes were illustrated for 
both patients in Figure 2.

Parameters
Patient 1 Patient 2

Baseline Month 3 Month 6 Month 12 Baseline Month 3 Month 6 Month 12

Albumin (g/dL) 3.7 3.6 4.3 3.6 3.3 3.3 3.2 3.2

PT (sec) 16.6 15.1 16.2 16.3 14.9 11.2 11.5 13.2
INR 1.5 1.4 1.6 1.59 1.73 1.04 1.09 1.4
Cr (mg/dL) 0.74 0.76 0.74 0.68 0.94 0.94 1.12 1.06

Total bilirubin (mg/dL) 0.94 0.73 1.28 0.75 0.77 0.79 1.19 0.77

Direct bilirubin (mg/dL) 0.34 0.29 0.43 0.28 0.29 0.29 0.36 0.28
AST (U/L) 36 22 32 34 29 27 33 28
ALT (U/L) 34 17 19 22 15 13 15 15
AFP (ng/mL) 1.37 1.09 1.42 1.18 2.9 2.8 3.1 2.5
MELD score 11 10 13 12 12 6 9 11
Fibroscanscore (kPa) 8.5 — — 11 48 — — 48
AFP = alpha fetoprotein; ALT = alanine aminotransferase; AST = aspartate aminotransferase; Cr = creatinine; INR = international normalized ratio; MELD = 
Model for End-Stage Liver Disease; PT = prothrombin time; kPa = Kilopascal.

Table 4. Clinical and laboratory parameters of the patients.

Figure 2. 
MELD = Model for End-Stage Liver disease.
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Discussion

response to various pathogenic events. Fibrosis is characterized 
by deposition of excessive amounts of ECM proteins. Necrosis 

of immune cells and activation of resident HSCs. Current medical 

eradication. 
Pioglitazone, an effective medicine in glucose homeostasis, 

-
brogenesis. 26,27 

-

48

MSCs have been extensively examined in various diseases, in-
cluding cirrhosis.32–35 MSCs produce several biochemical media-
tors that can potentially suppress the immune system, the most 

49,50 We have pre-
viously observed that combined treatment with BM-MSC trans-

liver damage in mice model.46

In our previous randomized controlled trial, we infused MSCs 
in single administration through the peripheral vein in cirrhosis.51 

However, in this study, we repeated MSCs injection twice through 
portal vein and combined it with one year of daily Pioglitazone 
therapy. We demonstrated the safety and feasibility of the com-
bined application of pioglitazone and autologous MSCs trans-
plantation in two patients.

Two patients with compensated cirrhosis were recruited for this 
study. We did not observe any procedural complications and major 
adverse effects during the follow up. One patient’s status neither 
improved nor deteriorated during the course of this study. How-
ever, in the second patient, we observed a transient reduction in 
MELD score at month 3 which eventually returned to the baseline 
level. Although we did not detect a persistent reduction in MELD 
score, this score did not increase during the follow up period, ei-
ther. This transient improvement might be related to temporary 

et al. tracked human MSCs after an intraportal infusion in pigs. 
They observed that the transplanted MSCs were widely distrib-
uted in hepatic lobules up to 10 weeks after infusion. However, 

15 post-infusion.52 This might explain the transient improvement 
of the MELD score observed in our study. The transient improve-
ment in MELD score could also be ascribed to the natural course 
of cirrhosis in this patient. 

Pioglitazone has thus far been examined only in NASH15–25 
which is believed to be the hepatic manifestation of the metabol-

NASH could plausibly be mediated via its effect on regulation of 
insulin sensitivity and glucose metabolism.53 

role of PPAR agonists has not been examined in cirrhosis in hu-

with MSC in cirrhosis. Overall, we demonstrated the safety 
and feasibility of Pioglitazone plus MSC transplantation in two 

-
domized clinical trials that include large sample sizes would be 
required in the future.
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