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Background: Haematopoietic stem cell (HSC) infusion has demonstrated short-term improvement in liver func-
tions in patients with chronic liver disease. The combination ofHSCwithmesenchymal stem cells (MSCs), which
has an immunomodulatory effect, may augment the effects and enhance the duration of improvements on liver
functions. The aim of the present study was to assess the safety of infusing the combination of autologous HSCs
andMSCs in decompensated liver cirrhosis.Methods: In phase I of the study, in vitro assessment was performed to
observe the effect of coculturing MSCs with HSCs on their viability and cytokine profiles. Phase II of the study
was to assess the safety of combination of stem cell infusions. Bonemarrow (50 ml) was aspirated for MSC isola-
tion and expansion using standard protocol. Patients received subcutaneous doses (n = 5) of granulocyte colony-
stimulating factor (G-CSF) for stem cell mobilization followed by leukapheresis for harvesting HSCs using Clin-
iMacs. HSCs and MSCs were infused through the hepatic artery under fluoroscopic guidance and were moni-
tored for any adverse effects. Results: In vitro studies revealed 94% viable HSCs in coculture similar to
monoculture. HSCs released only interleukin (IL)-8, whereas MSCs secreted IL-8 and IL-6 in monocultures,
and both IL-8 and IL-6 were secreted in coculture. G-CSF administration– and bone marrow aspiration–related
complications were not observed. Infusion of the cells through the hepatic artery was safe, and no postprocedural
complications were noted. Conclusion:The combination of autologousHSC andMSC infusion is a safe procedure
in patients with decompensated liver cirrhosis, and the outcomes needed to be assessed in larger studies. Trial
number: NCT04243681. ( J CLIN EXP HEPATOL 2022;12:80–88)
Chronic liver disease (CLD), including hepatocellu-
lar carcinoma, accounts for 3.5% of total deaths
worldwide.1 Currently, liver transplantation is the

only curative treatment for these patients; it is possible in
a small percentage of patients owing to lack of donor or-
gans and financial implications. Every year, approximately
10%mortality occurs in patients awaiting liver transplanta-
tion.2 Therefore, alternative strategies, including cellular
therapies, are under intense investigation in the treatment
of CLD. Numerous studies such as randomized control tri-
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als using cell-based therapies have demonstrated improve-
ment in the Model for End-Stage Liver Disease (MELD)
score, ascites, renal function and quality of life in these pa-
tients.3–7 Recently, Moroni et al8 reported a safety profile of
autologous macrophage therapy for liver cirrhosis.

Initial studies focused on bone marrow–derived haema-
topoietic stem cells (HSCs) for their regenerative capabil-
ities, although it is still not clear whether they
differentiate into hepatocytes or have a paracrine effect.9

Our experience with mobilized peripheral blood HSCs in
f stem cells
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patients with decompensated liver cirrhosis demonstrated
beneficial effects as a bridge to liver transplantation.5 In
recent years, the emphasis has shifted to mesenchymal
stem cells (MSCs) for their advantages over other cell types.
Both autologous and allogenic MSCs have been shown to
improve liver functions without any adverse effect in the
treatment of liver cirrhosis.10,11 A few randomized clinical
trials with MSC infusions have reported improvement in
the MELD score, quality of life and regression of fibrosis
markers in animal models.6,11–13 These studies were
neither able to track the location of the cells nor able to
explain the effect on fibrosis. However, the multifaceted
MSCs have immunomodulatory, anti-inflammatory and
antifibrotic properties, making them superior to other
cell types in the treatment of CLD. MSCs have also been
shown to reduce the fibrogenic cytokine activity and pro-
mote hepatocellular proliferation through matrix metallo-
proteinase–induced collagen degradation and by reduction
of hepatocyte apoptosis.14

With the aforementioned background, we hypothesized
that regenerative capabilities of HSCs would be enhanced,
if the microenvironment inside the liver is made suitable
for regeneration by coinfusion with MSCs, which have a
greater immunomodulatory effect.

In this proof-of-concept safety study, patients with de-
compensated cirrhosis of liver were infused a combination
of autologous MSCs and HSCs and were monitored for
safety assessment.
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STUDY DESIGN

This is a prospective, single-centre, proof-of-concept safety
study designed in two phases. Phase 1 involved in vitro
studies to assess the effect of MSCs on HSC viability in a
coculture system. Phase 2 involved infusion of MSCs and
HSCs into the liver through the hepatic artery, followed
by safety assessments in patients with CLD. The study
was approved by the Institutional Committee for Stem
Cell Research, Institutional Review Board and the Institu-
tional Ethics Committee. Informed consent was obtained
from all the patients. The study was registered at clinical-
trials.gov (NCT04243681).

Phase 1
The first phase included in vitro studies as per the
following steps:

(i) Isolation of clinical grade human bonemarrow–derived
MSCs andmobilized peripheral bloodHSCs from three
patients with cryptogenic cirrhosis of liver: The cells
were compared with similar isolates from three patients
without liver cirrhosis, who underwent bone marrow
aspiration as part of evaluation for anaemia.

(ii) Coculturing of MSCs with HSCs under in vitro condi-
tions to assess the viability of HSCs and the inflamma-
Journal of Clinical and Experimental Hepatology | January–February 2022 |
tory nature of MSCs in combination with HSCs: The
cell count and viability were assessed at 72 h using
the trypan blue exclusion method and by flow cytom-
etry using 7-aminoactinomycin D (7-AAD). Inflamma-
tory nature of MSCs was measured by estimating
cytokine profiles using the human inflammatory cyto-
kine cytometric bead assay kit (BD, BD FCAP array
software) on a flow cytometer.
Phase II
The second phase of the study involved infusion of autolo-
gous MSCs and HSCs through the hepatic artery in pa-
tients with decompensated liver cirrhosis. An informed
written consent was obtained from all the patients who
agreed to be part of the study. All patients with decompen-
sated liver cirrhosis were screened, and patients with diag-
nosis of cryptogenic cirrhosis of liver, aged between 20
and 70 years, with a Child-Pugh score of B or aMELD score
higher than 10 but lower than 20 were included in the
study. These patients were not willing for liver transplanta-
tion either owing to lack of donor tissue or owing to finan-
cial issues. A platelet count of higher than eighty thousand
and an International Normalised Ratio (INR) of less than
1.6 along with a minimum life expectancy of more than 3
months as per the MELD score was required for inclusion
in the study. Patients with history of liver tumours or any
other cancer within the last 3 years, pregnant and lactating
women and those with evidence of ongoing sepsis as per the
surviving sepsis guideline were excluded. Further presence
of hepatorenal syndrome and acute kidney injury not
correctable with albumin or a combination of albumin
and terlipressin infusion made patients ineligible for the
study. In addition, patients with recent history of gastroin-
testinal bleeding or spontaneous bacterial peritonitis
within the last 1 month and those with severe cardiorespi-
ratory disease were excluded.

All patients underwent standard baseline investigations
that included complete blood counts; peripheral CD34+

level analysis; liver function tests; renal function tests; viral
screening for hepatitis B, hepatitis C and retroviral infec-
tion; analysis of fasting and postprandial blood sugar
levels; analysis of serum alpha-fetoprotein (AFP) levels
and Doppler ultrasonography (USG) of the abdomen or
contrast-enhanced computed topography of the abdomen.
Upper gastrointestinal endoscopy was performed to rule
out varices. Any high-risk oesophageal varices found dur-
ing endoscopy were banded before the stem cell procedure,
and secondary beta-blocker prophylaxis was given as per
standard practice.

Patients were admitted to the hospital for two times.
The first admission was for transjugular liver biopsy
(TJLB) and bone marrow aspiration for harvesting of
MSCs, whereas the second admission was for
Vol. 12 | No. 1 | 80–88 81
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HSCmobilization and infusion of the combination of
MSCs and HSCs through the hepatic artery.

First hospital admission of patients in Phase II
study
All patients underwent TJLB, and the hepatic venous pres-
sure gradient was obtained by measuring wedge pressure
and the free hepatic venous pressure measurement. The bi-
opsy specimen was stained for both HSCs andMSCs using
immunofluorescence staining procedures and enumerated
as the percentage of cells per high-power field. On the sub-
sequent day, under standard aseptic and antiseptic care,
40–50 ml of bone marrow was aspirated by the haematol-
ogist, and any postprocedural pain or complication was re-
corded. The bone marrow was immediately transported to
the GoodMedical Practice stem cell laboratory for process-
ing as per the standard operating procedure for MSC isola-
tion. The patient was discharged the next day from the
hospital and advised readmission before stem cell infusion.

MSC isolation and expansion
MSCs were isolated using standard protocols. Mononu-
clear cell (MNC) fraction from the bone marrow was sepa-
rated by density gradient centrifugation with HiSep� and
aspirated. MNCs were then suspended in Dulbecco's
phosphate-buffered saline (DPBS) and washed twice and
were cultured in Dulbecco's modified Eagle's Knock out
medium supplemented with 10% foetal bovine serum
and 2 mM glutamax in a humidified incubator at 37 �C
and 5% CO2 in air. The cells were passaged 3–5 times until
the required numbers of cells was obtained for transplan-
tation after they reached 80% confluency.

Characterization and quality assessment of isolated and
expanded MSCs
The isolated and expanded MSCs were characterized by
phase-contrast microscopy (for spindle-shaped
morphology), flow cytometry for MSC-specific surface
markers (CD90, CD73 and CD105) and trilineage differen-
tiation potential (osteocytes, adipocytes and chondro-
cytes). Quality of MSCs for transplantation was assured
by sterility testing (microbial cultures), endotoxin mea-
surement (using the commercially available endotoxin
kit), mycoplasma testing (via real-time polymerase chain
reaction), chromosomal stability (by karyotyping) and
cell viability (by 7-AAD staining).
Preparation of MSCs for transplantation
On the day of transplantation, MSCs were harvested by
trypsinization, and the viable cells were enumerated by try-
pan blue staining. Adequate cells were taken for transplan-
tation (1 � 106 cells per kg of body weight) and washed
twice with DPBS and finally once with normal saline.
The cells were resuspended in 10 ml of normal saline,
82 © 2021 Indian National Associa
and 5 ml each was dispensed in two sterile vials. The tubes
were sealed and transported to the cardiac catheterization
laboratory (cath-lab) of the hospital along with the prod-
uct release, characterization and quality testing reports.

Second hospital admission of patients in Phase II study
The patients were readmitted in the hospital for stem
cell infusion. Daily subcutaneous injections of granulo-
cyte colony-stimulating factor (G-CSF) (Neupogen;
Roche Pharmaceutical) at a dose of 5 mg/kg of dry
body weight of the patient were given for 5 days. This
was given in two divided doses to enhance the
number of circulating HSCs by mobilizing them from
the bone marrow. CD34-positive stem cells, which is a
marker of circulating HSCs, were enumerated before giv-
ing the first dose of G-CSF and subsequently on day 3
and day 5. Any injection-related side-effects were noted.
On the fourth day of G-CSF injection, a 16-cm-length
12 French large bore multilumen Blue flex tip catheter
(�Arrow International, USA) central line was inserted
using local infiltration of 2% lignocaine. On the fifth
day of receiving G-CSF, leukapheresis was initiated in
the morning, and 100–200 ml of apheresis product
was acquired as per the targeted cell numbers. Leuka-
pheresis was started at a minimum flow rate higher
than 60 ml/h. The vital signs of the patient were moni-
tored continuously during the procedure. Any proced-
ure-related complications were noted and handled as
per standard practice protocols. After leukapheresis,
the apheresis product was collected and shifted to the
stem cell laboratory of the hospital for HSC isolation.
CD34+ HSC ISOLATION

MNCs were isolated from the apheresis product using Hi-
sep, and the CD34+ HSCs were isolated using CliniMACS
using antihuman CD34 antibodies conjugated to super-
paramagnetic iron-dextran particles (Miltenyi Biotec, Ger-
many). The cell pellet obtained after isolation was diluted
in normal saline in 10-ml aliquots under sterile conditions
maintaining room temperature under aseptic care.
INFUSION OF MSCS AND HSCS THROUGH
THE HEPATIC ARTERY

The patients were shifted to the cath-lab for stem cell infu-
sion. Under fluoroscopic guidance, access to the aorta was
made using the Seldinger technique after femoral artery ac-
cess. The celiac axis and hepatic artery proper were cathe-
terized using Simmon 1 catheter. The 5 French catheters
were exchanged over a guide wire, and a 4 F slip catheter
was placed beyond the origin of the gastroduodenal artery
into either the right hepatic artery or left hepatic artery.
Catheter position was confirmed with infusion of nonionic
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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low osmolar contrast (visipaque) under fluroscopy. The
MSCs, one million cells per kg of body weight (50–80
million cells) in 10ml of normal saline, were infused slowly
through the hepatic artery under fluoroscopic guidance.
The vascular access was then sealed at the end of the pro-
cedure with use of a heparin plug to be used later for autol-
ogous CD34+ cell infusion. After 30 min, CD34+ stem cells
were selectively infused as aliquots of 10 ml slowly over
1 min under fluoroscopic guidance. After the infusion,
the catheter was flushed with 10 ml of normal saline slowly
over 1 min. At the end of the infusion, the patency of the
artery was confirmed by contrast injection. Adequate
compression was applied at the puncture site, and the
area was strapped with an adhesive plaster.

After the procedure, the patient was shifted to the high-
dependency unit for overnight observation. During and af-
ter the procedure, all vital signs were monitored every hour.
After the procedure, the puncture site was examined hourly
to detect any haematoma or any procedural and postproce-
dural adverse effect including pain, hypotension and so on.
If the pain score on the visual analogue scale was higher
than 4, appropriate analgesics, preferably 50 mg of trama-
dol hydrochloride intramuscularly, were administered. On
the subsequent day, colour Doppler USG of the abdomen
was performed to observe any infusion-related complica-
tions such as hepatic artery thrombosis. If no complica-
tions were noted, the patient was discharged.
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FOLLOW-UP OF PATIENTS

The study patients were followed up every week for the first
one month (with a compulsory physical visit at 4 weeks)
and then every month for the next 3 months. At every
monthly visit, the clinical findings and progress were noted
in the pro forma. During each visit, physical examination
included documentation of ascites, hepatic encephalopa-
thy and amount of ascites based on USG of the abdomen.
Their MELD score and Child-Pugh score were evaluated
for improvement or deterioration. All complications of
cirrhosis such as gastrointestinal bleeding, ascites, hepatic
encephalopathy and so on, which may occur during the
course of follow-up were managed as per standard of
care following the updated American Association of Study
of Liver Diseases guidelines.
Safety assessment
Any procedure-related adverse event was noted. Adverse
event was defined as any untoward medical occurrence
in a patient or clinical trial participant administered
with a medicinal product and that does not necessarily
have a causal relationship with this treatment. Any
adverse event/adverse reaction that resulted in death
or was life-threatening, required hospitalization or pro-
longation of existing hospitalization, or any event that
Journal of Clinical and Experimental Hepatology | January–February 2022 |
resulted in persistent or significant disability or inca-
pacity or resulted in a congenital anomaly or birth
defect was considered as a serious adverse event.
Serious side effects also included development of any
of the following complications during the follow-up:
acute renal failure, worsening hepatic decompensation,
progressive elevation in serum AFP levels or develop-
ment of liver mass on follow-up computed tomogra-
phy scans.

The patients were closely monitored during leukaphere-
sis and stem cell infusions for any procedure-related com-
plications such as haemodynamic instability and
dyselectrolytemia. After infusions, the patients were
observed in the high-dependency unit. The patient's safety
was evaluated at each visit, and clinical, laboratory and
safety-related data were prospectively collected.

All authors had access to the study data and reviewed
and approved the final manuscript.
RESULTS

Phase I result

MSCs from patients with CLD are similar toMSCs from
controls
MSCs isolated from the bonemarrow of patients with CLD
were similar to the cells isolated from controls in terms of
morphology, viability and trilineage differentiation. MSC
yield was higher in patients with CLD than in controls
(CLD: 0.2–0.3 million cells/ml of bone marrow; control:
0.07 million cells/ml of bone marrow). MSCs from con-
trols and patients with CLD showed spindle-shaped fibro-
blast–like morphology and were positive for MSC markers
CD90, CD73 and CD105 (95–99%) and negative for CD34
and CD45 on flow cytometry (Figure 1a, Figure 1b). The
MSCs differentiated into osteoblasts, adipocytes and chon-
drocytes in both controls and patients with CLD
(Figure 2). The cells showed more than 95% viability at
all stages of culture by trypan blue and 7-AAD staining
(94%). The cultures were negative for bacterial or fungal
contamination as assessed by endotoxin and mycoplasma
testing.

MSC coculture does not alter cell count and viability of
CD34+ cells
HSCviability and cell count in the coculture system were
comparable with haematopoietic cell count and viability
inmonocultures ofHSCs. TheCD34+ cell count was higher
in feeder coculture system, whereas CD34+ cell count and
viability were significantly higher in the well insert cocul-
ture system (Figure 3). CD34+ cells secreted only interleukin
(IL)-8, and MSCs secreted IL-8 and IL-6 in monocultures.
Coculture of MSCs with HSCs secreted both IL-8 and IL-
6. No other proinflammatory cytokines were secreted in co-
cultures (Figure 4) (Table 1).
Vol. 12 | No. 1 | 80–88 83



Figure 1 Representative flow cytometry pictures of the healthy control (upper panel) and patient with CLD (lower panel). Panel a shows gating of
MSCs at passage 3. Panel b shows MSCs positive for phenotypic marker staining for CD90, CD73 and CD105 and negative for CD34, CD45 and
viability marker 7-AAD. 7-AAD, 7-aminoactinomycin D; MSC, mesenchymal stem cell; CLD, chronic liver disease.

Figure 2 Trilineage differentiation of BM-derived MSCs in healthy controls and patients with CLD. BM-derived MSCs characterized for differentiation
into adipocytes (formation of lipid droplets stained with Oil Red), osteocytes (demonstrated by calcium deposition stained with Alizarin Red) and chon-
drocytes (demonstrated by the deposition of extracellular matrix stained with toluidine blue) from healthy controls (A) and (B) patients with CLD. CLD,
chronic liver disease; BM, bone marrow; MSC, mesenchymal stem cell.
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Table 1 Cell Counts and Cell Viability as per the Feeder and
Well Insert Method at 72 h During Coculture of HSCs and
MSCs when Compared with MonoCulture.

Type of cell culture Feeder method Well insert method

Cell count Viability Cell count Viability

Coculture
CD34+

68,750 99.05 24,500 94.75

Control
CD34+

53,000 97.3 11,000 88.2

Coculture
MSC

7000 100 23,000 100

Control
MSC

38,500 98.7 10,500 100

HSC, haematopoietic stem cell; CD: cluster of differentiation; MSC:
mesenchymal stem cell.
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Phase II study results: safety data
Five patients with cryptogenic decompensated cirrhosis
were included in the study. The baseline characteristics
of the patients are shown in Table 2. Bone marrow aspira-
tion performed in the sterile environment maintaining
aseptic and antiseptic care was found to be a safe proced-
ure. It was carried out under conscious sedation with pro-
pofol injection given by the anaesthetist. The mean
number of bone marrow pricks to acquire 50 ml of bone
marrow aspirate was 2. The pain score was lower than 4
out of 10 on the visual analogue scale after recovery of
sedation in all the patients. No bone marrow site haema-
toma or infection was documented. All the patients were
discharged on the subsequent day of bone marrow aspira-
tion.

During the second admission, all five patients received
subcutaneous G-CSF injections, which did not result in
any adverse effect. Increase in the total leucocyte count
was an expected result of the injection. There was no symp-
tomatic splenomegaly or increase in gastrointestinal
bleeding owing to G-CSF injection. The central line inser-
tion carried out by an anaesthetist under sterile conditions
did not result in any adverse effect, except mild pain, with a
score of lower than 4 out of 10 on the visual analogue scale,
at the time of insertion not requiring any analgesic.
Figure 3 Cocultures of MSCs and CD34+ stem cells. Monoculture of MSCs
strate 99% viable HSCs in cocultures. HSC, haematopoietic stem cell; MSC

Journal of Clinical and Experimental Hepatology | January–February 2022 |
The process of leukapheresis was conducted under the
guidance of a transfusion medicine specialist with contin-
uous patient monitoring for any adverse effect. Blood pres-
sure, pulse rate and oxygen saturation were documented
every 15 min during the procedure and then every
30 min after the procedure for 6 h. Only one patient devel-
oped hypotension during the procedure, which reverted
back by infusion of normal saline at a rate of 100 ml/h
for 2 h and by slowing the rate of leukapheresis. No other
adverse effects such as electrolyte imbalance were noted
during the procedure.

During the process of hepatic artery catheterization and
infusion of stem cells into the hepatic artery, technical suc-
cess was 100%. The procedures were uneventful, and we did
not observe bleeding or haematoma formation after the
procedure. Follow-up Doppler USG on the subsequent
day did not reveal any hepatic artery thrombosis or
decrease in hepatic blood flow velocities when compared
with preprocedure values. All patients were discharged
within 24 h of the procedure.

All patients receiving the combination of stem cell infu-
sions completed the follow-up for 3 months. Interim anal-
ysis at the end of 3 months showed a trend towards
improvement of the MELD score from 14.2 � 3.24 to
13.0 � 1.84 (p = 0.131) and improvement in serum albu-
min levels from 3.2 � 0.60 to 3.4 � 0.82 (p = 0.67), with
no worsening of renal parameters or clinical events such
as hepatic encephalopathy or gastrointestinal bleeding.
DISCUSSION

The present study aimed to assess the safety of the proced-
ure of infusion of MSCs followed by HSCs into the liver.
MSCs form <0.1% of adult bone marrow cells and have
greater immunomodulatory property than HSCs.15

MSCs have the capacity to migrate towards the site of
inflammation and modulate the secretion of cytokines
and chemokines in response to the injury.16,17 Liu et al18

detected migration of MSCs towards areas of fibrosis in
the liver. In addition, it has been shown that MSCs have
a strong potential to differentiate into varied cell lineages
and can reverse fibrosis in alcoholic cirrhosis, thereby
improving liver function in patients with autoimmune
(A) and HSCs (B) and coculture of MSCs and HSCs (C) at 72 h demon-
, mesenchymal stem cell.

Vol. 12 | No. 1 | 80–88 85



Figure 4 Cytokine analysis of culture supernatants of BM-derived stem cells from patients with CLD. Cytokine analysis from the BM-derived
MSC culture supernatant shows IL-8 and IL-6 at 24 h and 72 h. The CD34+ culture supernatant secretes only IL-8. The coculture supernatants secrete
IL-8 and IL-6. IL, interleukin; CLD, chronic liver disease; MSC, mesenchymal stem cell; BM, bone marrow.

Table 2 Baseline Characteristics of the Patients Included in
the study.

Parameter Value

Age (mean � SD), in years 55.2 � 3.70

Male:female 3:2

Total bilirubin (mean � SD), in mg/dl 2.7 � 1.41

Serum albumin (mg/dl) 3.2 � 0.60

Serum creatinine (mg/dl) 0.93 � 0.14

MELD score 14.2 � 3.24

Child-Pugh score (median, IQR)

A 1

B 8.5 (1.5)

Ascites 100%

Hepatic encephalopathy 0%

Gastrointestinal bleeding 2/5 (40%)

History of resolved hepatorenal syndrome 1/5 (20%)

Hepatic venous pressure gradient (median, IQR) 12 (4)

IQR: interquartile range; SD: standard deviation; MELD: Model for End-
Stage Liver Disease.
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hepatitis.6,19 Hepatocyte-like cells have also been derived
from bone marrow MSCs.20 MSCs have been safely used
in patients with liver cirrhosis including liver-transplanted
subjects.21 However, concerns have been raised about the
regenerative potential of MSCs when compared with
HSCs, coupled with a small theoretical risk of promoting
fibrogenesis.22

The concept of combining HSCs and MSCs in patients
with cirrhosis arises from the hypothesis that the HSCs
could possibly work better if the microenvironment of
the liver is improved by the immunomodulatory effect of
MSCs. Combination stem cell therapy has been used in
graft versus host disease,23 and trials are ongoing in pa-
tients with severe limb ischaemia.(NCT00721006).
Recently published data using the combination of MSCs
and endothelial progenitor cells for reversal of lung injury
after HSCtransplantation show an improvement in
inflammation with lung tissue repair.24 Our study is a
proof-of-concept safety study of use of combination stem
cell therapy in patients with decompensated liver cirrhosis
with an expectation that combination therapy would yield
better results than monotherapy with HSC or MSCs.
Furthermore, MSCs have been recently shown to promote
the HSC niche and thereby help in increasing circulating
HSCs to reach the areas of inflammation and fibrosis.25

Because the study involves the use of autologous HSCs
and MSCs, phase I of the study was performed in vitro to
evaluate the proinflammatory nature of MSCs derived
from patients with cirrhosis in comparison with controls.
Our study revealed that the cytokine profiles of MSCs
from patients with CLD are comparable with the cytokine
profiles of controls. This supports the fact that MSCs
neither have antigen-presenting capability or express the
major histocompatibility complex to render them hostile
to the host environment26 nor promote fibrosis.
86 © 2021 Indian National Associa
Another concern about the use of combination ofMSCs
andHSCs was regarding the behaviour of the cells in cocul-
ture. Therefore, a bench work with coculture of HSCs and
MSCs was conducted in phase I of the study. It was found
that there was no impact on the cell count, viability and cy-
tokines released when compared with monoculture cells.
Jing et al27 have already shown that in coculture, the
mesenchymal stromal cell surface appears to be the pre-
dominant HSC proliferation site. Furthermore, coculture
of HSCs and MSCs has shown that the MSC supports
the proliferation and self-renewal capacity of HSCs.28
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Our study addressed the concern regarding the conflicts
between the two cell types in coculture. From the clinical
standpoint, the concept of infusing MSCs 30 min before
infusion of HSCs may not be sufficient, and in future,
simultaneous infusion of the cells may be tried as cocultur-
ing of cells did not reveal any adverse effect of one cell type
over another.

From a clinical viewpoint, safety of HSCinfusion in pa-
tients with liver cirrhosis has been demonstrated in multi-
ple studies.29–31 Similarly, numerous studies have shown
the safety of MSCs when used in patients with liver
cirrhosis.32–34 By way of contrast, a recent study with G-
CSF and use of autologous CD133+ cells has shown
increased frequency of adverse effect when compared
with the standard of care.35 This study however had a base-
line heterogeneous population, and the dose and viability
of the transfused HSC were much lower than in other
studies.36 The cell isolation and infusion procedure has
been time tested to be safe, and the present study did not
find any adverse effect. The concerns in some studies of
worsening of fibrosis with use of MSCs also need to be
observed, and the paired biopsy results at 6 months would
give more insights if any of the patients demonstrate wors-
ening of fibrosis.

Although an interim analysis at 3 months showed a
trend towards the improvement in the MELD score, this
study was not designed and powered to comment on
outcome data. This improvement in the MELD score was
impacted mostly by the improvement in serum creatinine
levels, which was similar to the findings of our initial pub-
lished results with HSC use alone. There was no worsening
of hepatic encephalopathy or gastrointestinal bleeding.
Larger studies with a comparative population would be
required to assess the benefit of this pilot study. The six-
month analysis of the improvement in MSCs and HSCs
in liver tissue would give further insights into the homing
in of cells and increase in their numbers. The paired liver
biopsy data, which are to be completed after 6 months,
would give us more insight into the success of homing in
of both cell types. However, to demonstrate that infusion
of one cell line is better than infusing a combination of
cell lines would need a head-to-head trial.

However, there are multiple unmet needs in this field
of research as there is significant uncertainty about the
best timing of infusion of cells (wherein it is better
before decompensation?), the best quantity of cells to
be used, the role of multiple infusion to tide over any
waning effect over time and finally the theoretical risk
of malignancy.

This study has proven the safety of infusion of the com-
bination of MSCs and HSCs in patients with CLD. Future
research in this field would be an attempt to find out the
stage of liver cirrhosis at which stem cells need to be
infused to obtain the best results. It should not be delayed
to such an extent that the MSC fails to exert its immuno-
Journal of Clinical and Experimental Hepatology | January–February 2022 |
modulatory effect and the HSC's effort to regenerate
proves futile. Tracking of the cells inside the body and
the correct dose and time difference to be kept between
HSC and MSC infusion needs to be an area of active
research.
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