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Abstract

Background: The quality of Mesenchymal Stem Cells (MSCs) is
crucial in autologous transplantation for efficient in vitro expansion
and clinical efficacy.

Objective: This study was performed to develop a minimally inva-
sive method to ascertain the quality of Bone Marrow-derived MSCs
(BM-MSCs) prior to bone marrow aspiration for autologous trans-
plantation in patients with liver cirrhosis.

Methods: The genetic instability in BM-MSCs and Peripheral Blood
lymphocytes (PB-lymphocytes) from cirrhotic patients were deter-
mined by enumerating the biomarkers such as Micronuclei (MNi)
and Nuclear Buds (NBUDs). The quality of BM-MSCs was assessed
by examining their morphology, viability, surface markers, doubling
time, proliferation, senescence, and differentiation potential. We fur-
ther analyzed the association of MNi count with the quality of BM-
MSCs.

Results: Both BM-MSCs and PB-lymphocytes showed similar
trends in the frequency of MNi. MNi count was found to influence

*Corresponding author: Smitha Mathews, Stem Cells and Tissue Engineering,
Asian Healthcare Foundation, Hyderabad, India, Tel: +91 4023378888; E-mail:
zmita.mathews@gmail.com; research.aig@gmail.com

Citation: Mathews S, Naqvi A, Sasikala M, Rao PN, Sharma M, et al. (2019)
Peripheral Blood Lymphocyte Micronuclei Signify the Quality of Mesenchymal
Stem Cells from Bone Marrow in Patients with Liver Cirrhosis. J Cytol Tissue
Biol 6: 022.

Received: June 10, 2019; Accepted: June 18, 2019; Published: June 25, 2019

Copyright: © 2019 Mathews S, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits un-
restricted use, distribution, and reproduction in any medium, provided the original
author and source are credited.

the growth, senescence and differentiation potential of MSCs. The
number of MNi was inversely proportional to the proliferation and
differentiation potential of BM-MSCs.

Conclusion: As genetic instability in BM-MSCs was reflected in
PB-lymphocytes, we propose that screening of PB-lymphocytes for
MNi would be an effective method to predict the quality of MSCs
prior to bone marrow aspiration from cirrhotic patients opting for au-
tologous transplantation.
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Introduction

Mesenchymal Stem or Stromal Cell (MSC) transplantation is
emerging as a supportive therapy for liver cirrhosis [1-3]. Bone mar-
row of the patient is the most common source of MSCs for autologous
transplantation. Ascertaining the quality of MSCs is of paramount im-
portance to ensure the post-transplantation safety and functional effi-
cacy. While a recent meta-analysis, based on seven controlled clinical
trials on transplantation of autologous BM-MSCs for end-stage liver
cirrhosis, revealed promising results [4], the lack of comprehensive
quality assessment of MSCs remains to be addressed in this regard
[5-8].

Recently, it was reported that genetic instability can affect the
quality of MSCs by altering their growth kinetics during ex vivo ex-
pansion [9]. Increased genetic instability, indicated by a high number
of biomarkers such as Micronuclei (MNi) and Nuclear Blebs (NBs)
or Nuclear Buds (NBUDs), contributed to increased senescence and
decreased proliferation of MSCs. Therefore, scoring of MNi in MSCs
offers an additional quality control measure in clinical transplanta-
tion.

Cirrhosis of the liver is associated with altered immune function
and progressive cirrhosis can lead to Cirrhosis-Associated Immune
Dysfunction (CAID) leading to systemic inflammation and bone mar-
row dysfunction [10]. A significant decrease in the number of hema-
topoietic and mesenchymal stem cells was reported in the bone mar-
row of patients with high (>15) Model for End-Stage Liver Disease
(MELD) score [11]. However, there is no study so far correlating the
progress of cirrhosis with the quality of BM-MSCs. Similarly, there
is no data on the MNi status of BM-MSCs from cirrhotic patients.
As genetic stability and quality of the isolated MSCs are critical for
efficient upscaling of these cells, developing a screening test predict-
ing the quality of BM-MSCs prior to BM aspiration will be distinct-
ly advantageous in selecting cirrhotic patients for autologous MSC
transplantation. Thus, the present study was conducted with the intent
of developing an efficient screening method for predicting the quality
of BM-MSCs prior to bone marrow aspiration. In this regard, we ex-
amined whether the quality and genetic instability of BM-MSCs are
reflected in the PB-lymphocytes.
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Materials and Methods
Blood and bone marrow samples

This study was conducted with the approval of Institutional Ethics
Committee (IEC) and Institutional Committee for Stem Cell Research
(ICSCR) of the Asian Institute of Gastroenterology, Hyderabad, In-
dia. Patients from the Asian Institute of Gastroenterology, Hyderabad,
India, diagnosed with liver cirrhosis of non-viral origin, by clinical,
imaging and blood test criteria, were included in this study after ob-
taining their informed written consents. In group I, both bone mar-
row (3-5ml) and peripheral blood (3ml) samples were collected from
patients (n=8) undergoing sampling for diagnostic purposes. Blood
and bone marrow from healthy donors served as the control. In group
II, only blood samples were collected from patients (n=15) to enu-
merate MNi and NBUDs in the PB-lymphocytes. The samples were
collected in heparinized blood collection tubes (VACUETTE® tube,
Greiner Bio-One GmbH, Austria). All the cell culture reagents were
purchased from GIBCO (Life Technologies, NY, USA) and the plastic
wares from Nunc (Nalge Nunc International, Roskilde, Denmark) if
not mentioned otherwise.

Enumeration of micronuclei and nuclear buds in periph-
eral blood lymphocytes

MNi and NBUDs in peripheral blood lymphocytes were enumer-
ated by Cytokinesis-Block Micronucleus cytome (CBMN) assay
mentioned elsewhere [12]. Briefly, lymphocytes isolated from periph-
eral blood samples were cultured in RPMI 1460 medium supplement-
ed with 10% FBS, 1% glutamax and 0.5% Pen/Strep. Mitotic divi-
sion of lymphocytes was stimulated by adding phytohemagglutinin
(PHA, 30pg/ml) to the culture medium. Cytochalasin B (4.5pg/ml,
Sigma Aldrich, St. Louis, MO, USA) was added exactly after 44h
of PHA stimulation to obtain cells in a binucleated state by prevent-
ing cytokinesis during cell division. After 28h of incubation, the cells
were harvested, spread on glass slides, fixed and stained with Giem-
sa stain (HIMEDIA, Mumbai, India). The slides were mounted and
screened under high magnification objective (40X) of a light micro-
scope (Olympus, Tokyo, Japan) for binucleated cells with MNi and
NBUDs. MNi and NBUDs counts of at least 1000 binucleated cells
were recorded.

MSC isolation and expansion

Bone marrow samples were processed in the stem cell culture fa-
cility of Asian Healthcare Foundation, Hyderabad, India, for the MSC
isolation by methods mentioned elsewhere [13]. Briefly, diluted bone
marrow was layered over density gradient separation media (Hisep™,
LSM 1077, HIMEDIA, Mumbai, India) and the Mononuclear Cell
(MNC) fraction containing MSCs were separated by density gradi-
ent centrifugation. The cells were washed with Dulbecco’s Phosphate
Buffered Saline (DPBS) and seeded into appropriate tissue culture
plates/flasks in KnockOut™ DMEM (KO-DMEM) supplemented
with 10% Fetal Bovine Serum (FBS, Australian origin, HIMEDIA,
Mumbai, India), 1% glutamax and 0.5% Pen/Strep. The flasks were
cultured at 37°C in a humidified incubator with 5% CO,. Non-adher-
ent cells were removed after 48h and complete media changes were
given on the alternate days thereafter till the flasks became 70-80%
confluent. Confluent flasks were trypsinized using 0.25% trypsin-ED-
TA and the cells were further propagated till passage 3. All the exper-
iments were conducted using MSCs at passage 3.

Characterization of MSCs

The MSCs isolated from bone marrow samples were character-
ized by standard methods for morphology, surface marker expression
and differentiation potential [14]. The cells were stained with fluo-
rescent-labeled antibodies for CD90, CD73, CD105, CD166, CD34,
CD45 and HLA-DR according to the manufacturer’s instructions (BD
Pharmingen, San Diego, USA) and analyzed by flow cytometry in
FACS Aria II (BD Biosciences, San Jose, USA) using FACS Diva™
software (BD Biosciences, San Jose, USA) for 10000 gated events.
The viability of the cells was also analyzed using flow cytometry by
7-aminoactinomycin D (7-AAD) staining.

The cells were examined for their differentiation potential to osteo-
blasts, adipocytes, and chondrocytes by culturing them in prescribed
differentiation media (HIMEDIA, Mumbai, India) for 21 days. Dif-
ferentiation to osteoblast, adipocyte, and chondrocyte lineage was
confirmed by Von Kossa staining for calcium deposits, Oil Red O
staining for oil droplets and Alcian blue staining for glycosaminogly-
cans respectively. Random images were taken from 10 different areas
for evaluating the degree of differentiation.

Enumeration of the MNi and NBUDs in BM-MSCs

The MSCs were seeded onto 6-well plates with coverslips at a
density of 5000 cells per cm?. Cells were grown for 96h with a media
change after 48h of incubation. Following media removal, the cells
were washed with DPBS and fixed with 4% paraformaldehyde. The
cells were washed and stained with Giemsa stain as per the manufac-
turer’s instructions (HiMedia, Mumbai, India). Coverslips mounted
on glass slides were screened at high power (40X objective) under
a light microscope (Olympus, Tokyo, Japan). The number of MNi
and NBUDs were scored for a minimum of 1000 nucleated cells. All
the experiments were conducted in triplicates and the data were rep-
resented as the mean =+ standard deviation (SD), MNi / NBUDs per
1000 cells [9].

Doubling time assay

Culture plates were seeded with the MSCs at a density of 5000
cells per cm?. The cells were trypsinized at specific time points and
viable cell counts were determined by trypan blue exclusion method.
Doubling Time (DT) was calculated by the formula, DT = ¢ log2/ (log
Nt-log NO), where, ¢ is the time, Nt is the number of cells harvested at
time ¢ and NO is the number of cells seeded [10].

Cell proliferation assay

Cell proliferation was determined by the method mentioned else-
where [9], employing 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide (MTT, Sigma Aldrich, St. Louis, MO, USA)
assay. Briefly, 96-well plates were seeded with an equal number of
MSCs in triplicates and incubated at 37°C in a humidified incubator
with 5% CO,. A complete media change was given after 48h. At the
end of 96h of incubation, MTT (1mg/ml) was added to each well fol-
lowed by incubation at the same culture conditions for another 3h.
MTT was removed and 200ul of Dimethyl Sulfoxide (DMSO) was
added to dissolve the formazan salt. The plate was placed in an ELISA
plate reader (Bio-Rad, Solna, Sweden) and absorbance was measured
at 595nm.
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Senescence assay

The MSCs were seeded to 6-well plates at a seeding density of
5000 cells per cm? and cultured for 96h with a media change after
48h. The plates were further processed for senescence assay using
B-galactosidase staining kit (Cell Signaling Technology®, MA, USA)
as per manufacturer’s instructions. Experiments were conducted in
triplicates and a total of 1000 cells were counted from each plate un-
der a phase contrast microscope (Olympus, Tokyo, Japan) and data
were represented as the percentage of f-galactosidase positive senes-
cent cells.

Statistical Analysis

All the experiments were conducted in triplicates and the results
were expressed as the mean + SD. The statistical analysis was done
using Microsoft Excel 2016 software and involved a two-tailed,
paired Student’s t-test. A p-value < 0.05 was considered significant.

Results
Demographic data

Clinical characters of cirrhotic patients (with a mean age of 54 +
11 years) in group I are summarized in Table 1. The sample in group I
was coded P1 to P8 in the increasing order of their MELD score. The
MELD score of patients ranged from 5-24 with a mean of 15 = 6. The
mean value of bilirubin, albumin and creatinine were 3.4 + 3mg/dL,
3 +0.8g/dL and 0.9 + 0.2 mg/dL respectively. The mean RBC, WBC
and platelet counts were 3.34 + 0.80 x 10°, 5189 + 3277 and 141000
+ 130000 cells/mm?® respectively.

Similar trends in MNi distribution in PB-lymphocytes and
BM-MSCs

Evaluation of the genetic instability in BM-MSCs and PB-lym-
phocytes of patients (P1-P8, group I) with liver cirrhosis revealed that
the MNi and NBUDs counts of BM-MSCs were directly proportion-
al to the MNi and NBUDs counts of their PB-lymphocytes (Figures
1A-1D). Since MNi count was more consistent when compared to
NBUDs, MNi count alone was used as an indicator of genetic in-
stability in this study. Out of eight patients, three patients showed
significantly high (>15 MNi / 1000 cells) MNi count (Figure 1E) in
both PB-lymphocytes and BM-MSCs.

Figure 1: Micronuclei (MNi) and Nuclear buds (NBUDs) in PB-lymphocytes and
BM-MSCs. Representative images showing (A) MNi and (B) NBUD in PB-lympho-
cytes; and (C) MNi and (D) NBUD in BM-MSCs (indicated by arrows, H&E staining,
scale bar - 50 um). (E) Distribution of MNi and NBUDs in PB-lymphocytes (PBL)
and BM-MSCs obtained from a healthy control and patients with liver cirrhosis (P1 to
P8). Data are represented as Mean = SD. The dotted line indicated a low level of MNi
count (<10 MNi/ 1000 cells). Levels of significance with respect to control are shown
in terms of p < 0.05 as * and p < 0.01 as **.

Surface markers and viability of MSCs unaffected by
MNi count

The Mononuclear Cell (MNC) and MSC yield from the bone mar-
row samples are given in Table 2. The average time of cells in culture
before the first harvest (passage 0) was 10 + 2 days. There was a
marked difference in MNC count (25.6 + 18.3 x 10° cells/ml of bone
marrow) and the MSC yield (passage 0, 0.4 &= 0.3 x 10° cells/ml of
bone marrow) among the patients. The MSCs isolated from all the
bone marrow samples showed typical spindle shaped fibroblast-like
morphology characteristic for MSCs (Figure 2A). Trypan blue ex-
clusion test and 7-AAD staining showed more than 90% of viability
for BM-MSCs at all stages of culture (Figure 2B). Immunopheno-
typing by flow cytometry showed that MSCs isolated from all the
BM samples were positive (> 90%) for MSC specific surface markers
like CD90, CD73, CD105, CD166 and CD44; negative (< 2%) for
hematopoietic markers like CD34 and CD45; and negative (< 2%)
for HLA-DR. The surface marker profiles of the BM-MSCs from pa-
tient samples were similar to that of the control (Figures 2C,2D). BM-
MSCs from all the samples demonstrated differentiation potential to
osteoblast, adipocyte and chondrocyte lineages (Figure 2E).

Figure 2: Characterization of BM-MSCs. (A) BM-MSCs from both healthy control
and cirrhotic patients showed spindle-shaped fibroblast-like morphology (represen-
tative phase contrast image). They showed more than 90% viability at all passages
(till passage 3) evidenced by (B) trypan blue exclusion test and (C) flow cytometry
analysis for 7-AAD. (C) Flow cytometry analysis showed that BM-MSCs from all
the samples were positive (> 90%) for CD90, CD73, CD105 and negative (< 2%) for
CD34, CD45, and HLA-DR. (D) A representative histogram showing the flow cytom-
etry data for the MSC specific marker analysis. (E) The cells were able to differentiate
into osteoblast (von Kossa staining), adipocyte (Oil Red O staining), and chondrocyte
lineages (Alcian blue staining). Scale bar -100pum.

MN:i count influenced the growth kinetics and differentia-
tion potential of MSCs

The MNi count of MSCs significantly affected their DT. The DT
of MSCs from cirrhotic patients ranged from 25-83h (Figure 3A). In-
creased DT and decreased proliferation were noted in MSCs with high
MNi score (Figures 3A,3B). Also, B-galactosidase staining showed a
greater number of senescent cells in patients with a higher number of
MNi (Figure 3C). In patients with more than 20 MNi/1000 cells, more
than 15% of MSCs were senescent.

Although MSCs isolated from all the samples could differentiate
into adipocytes, osteoblasts and chondrocytes (a characteristic fea-
ture of MSCs), a significant difference was noted in the differentia-
tion potential to adipocyte lineage (Supplementary Figure 1). When
thefrequency of MNi was more than 1%, the percentage of adipocyte
differentiation decreased to less than 15% (Figure 3D).
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Parameters (Unit, reference range) C P1 P2 P3 P4 P5 P6 P7 P8
Age (year) 37 57 70 52 69 45 62 47 38
Sex (M/F) M M M M M M M M M
Etiology, AL/CR NA CR AL CR CR CR CR AL CR
MELD score NA 5 7 13 13 15 15 21 24
CTP score, class NA 6,A 6,A 6,A 5,A 8, B 7B 11,¢ 11,C
Total bilirubin (mg/dL, 0.3 - 1.2) 0.6 0.6 1 1.7 1.5 2.4 3 7.4 9.2
ALT (U/L, 0 - 40) 10 12 23 27 18 22 19 46 17
AST (U/L, up to 40) 12 39 22 46 32 28 36 75 90
Albumin (mg/dL, 3.5 - 5.2) 45 3.3 3 33 42 3.3 3.7 1.7 1.9
LN.R (<1.1) 1 121 1.02 1.54 1.55 1.59 1.47 1.76 2.18
Creatinine (mg/dL, 0.7 - 1.3) 0.6 1.1 1 0.7 0.9 0.7 0.7 1.1 1
Ascites Nil Nil Nil Nil Mild Moderate Nil Mild Moderate
WBCs (cells/mm?, 4000 - 10000) 6200 2900 6800 3400 5900 2100 3100 5400 12900
RBCs (x10° cells/mm®, 4.5 - 5.5) 47 2.7 33 3.6 49 42 3.1 3 22
Platelets (cells/mm?, 150000 -450000) 230000 150000 75000 60000 80000 70000 120000 80000 370000
MNi /1000 BN cells (Mean + SD) 10 2043 3945 543 2343 5+1 542 2+1 1343
NBUDs /1000 BN cells (Mean + SD) 00 71 14+1 8+3 10+3 0+0 4+4 4+0 3+1
Table 1: Clinical characteristics and the frequency of MNi and NBUDs in peripheral blood lymphocytes of the healthy control and patients (group I). The
patients in group I was named P1-P8 in the increasing order of their MELD score and C indicates a healthy control. CBMN assay was used to enumerate
MNi and NBUDs in the peripheral blood lymphocytes. Other test methods used include Jendrassik and Grof (total bilirubin), Kinetic IFCC (ALT and
AST), Bromocresol Green Assay (albumin), clotting time with calcium thromboplastin (I.N.R), Kinetic Jafee’s method (serum creatinine), real-time
screening ultrasonography of abdomen (ascites) counting using SYSMEX XT series/COULTER LH 750 series (WBCs, RBCs) and Counting chamber
(platelets). M, male; F, female; AL, alcoholic cirrhosis; CR, cryptogenic cirrhosis; NA, not applicable; CTP score, Child Turgotte Pugh score; ALP, Alanine
aminotransferase; AST, Aspartate aminotransferase; INR, international normalized ratio; WBC, white blood cell; RBC, red blood cell; IFCC, International
Federation of Clinical Chemistry and Laboratory Medicine.

Parameters C P1 P2 P3 P4 P5 P6 P7 P8
MNC / ml of BM, x 10° 9.82 26.25 21.11 56.5 24.73 3.25 46.44 20.98 5.14
MSCs (Passage 0) / ml of BM, x 10¢ 0.41 0.8 0.104 0.615 349 0.185 0.308 0.646 0.219
No. of days in culture (Passage 0) 10 11 13 10 9 10 7 11 10

Table 2: MNC count and MSC yield of the bone marrow samples. The patients in group I was named P1-P8 in the increasing order of their MELD score
and C indicates a healthy control. MNC: Mononuclear Cell; BM: Bone Marrow; MSC: Mesenchymal Stem Cells.

The stage of cirrhosis is insufficient to assess the quality of
MSCs

After establishing the association between the genetic instability
and the quality of MSCs, we further examined the MNi and NBUDs
distribution in the PB-lymphocytes of another 15 patients (group
II, patients coded as S1-S15 in the increasing order of their MELD
score), in order to understand how the progression of cirrhosis af-
fected the quality of MSCs. The clinical characters of the group II
patients are depicted in Table 3. We analyzed the MELD scores and
MNi distribution in PB-lymphocytes of all the patients from group
I and II (n=23, Figure 4). The MELD score varied from 5-24, indi-
cating different stages of cirrhosis. The number of MNi varied sig-
nificantly among the patients irrespective of the stage of cirrhosis
(Figure 4). For example, the patient (S15) with a MELD score of 20
had lymphocytes with minimal genetic instability (1+1 MNi per 1000
binucleated cells), whereas another patient (S5) in the early stage of
cirrhosis (MELD score = 11) showed a higher degree of genetic in-
stability (23+5 MNi per 1000 binucleated cells) in their lymphocytes
(Table 3). In general, most of the samples showed similar trends in
MNi and NBUDs distribution. However, we could not establish any

direct association between of MNi or NBUDs count with any other
tested parameters (Table 1 and 3).

A Doubling Time B

MTT Assay

Doubling time, h

o
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Figure 3: Quality assessment of BM-MSCs. Data (Mean + SD) obtained from a
healthy control (A) and patients with liver cirrhosis (P1 to P8, group I) are depicted in
terms of (B) doubling time, proliferation (MTT assay), (C) senescence, and (D) differ-
entiation (adipocytes lineage) potential. Levels of significance with respect to control
are shown in terms of p<0.05 as *, p<0.01 as **, and p<0.001 as ***.
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Parameters,(Unit, reference range S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
Age (year) 39 67 37 30 54 63 46 30 52 41 49 55 54 33 52
Sex (M/F) M M M M M F M M M M M M M M M
Etiology, AL/CR CR CR CR CR AL CR CR CR CR CR CR CR CR CR CR
MELD score 7 8 10 10 11 12 13 14 14 15 15 17 17 17 20
CTP score, class 5,A 6,A 6,A 7,B 6,A 7,B 6,B 8,B 8,B 7,B 8, B 7,B 8,B 9,B 11,C
Total bilirubin (mg/dL, 0.3 - 1.2) 1.2 1.4 1.7 1.1 2.8 0.7 29 34 24 1.9 34 6.4 3.2 2.6 3.6
ALT (U/L, 0 - 40) 33 26 41 19 30 24 30 32 23 20 25 39 55 20 21
AST (U/L, up to 40) 50 42 59 27 41 32 61 53 43 42 45 44 112 43 31
Albumin (mg/dL, 3.5 - 5.2) 4.1 4.5 34 35 3.7 2.6 32 29 34 2.6 3.1 42 3 29 22
LN.R (<1.1) 1.02 1.07 1.23 1.38 1.08 1.28 1.32 1.28 14 1.69 1.29 1.29 1.28 1.8 2.11
Creatinine (mg/dL, 0.7 - 1.3) 0.8 1 0.8 0.6 0.8 1.4 1.2 0.8 1.1 0.8 1.1 1.1 1.4 0.9 0.8
Ascites Nil Mild Nil Mild Nil Nil Nil Nil Mild Nil Nil Nil Nil Mild Moderate
‘WBCs (cells/ mm3, 4000 -10000) 4500 6600 3500 1600 5900 9400 4300 5000 4000 3500 5000 7000 3700 5400 3500
RBCs (x106 cells/mm3, 4.5 - 5.5) 59 4.5 5.1 4.4 3.9 4.2 3.8 3.6 32 35 4.5 52 3.7 3 3.6
Platelets (cells/mm3, 150000 - 450000) 120000 | 60000 150000 | 50000 120000 150000 | 50000 150000 | 70000 150000 | 100000 | 70000 110000 120000 60000
MNi/1000 BN cells (mean+SD) 242 9+4 11+4 242 23+5 10+0 12+6 6+6 18+0 3+3 11£8 17+6 3+3 342 1+1
NBUDs/1000 BN cells (mean+SD) 8+7 11+6 17+8 VS 25+9 23+8 37£13 6£6 18+6 545 23+6 23+2 21+4 8+4 14+3

Table 3: Clinical characteristics and the frequency of MNi and NBUDs in peripheral blood lymphocytes of patients at different stages of cirrhosis (group
1I). The patients in group II were named S1-S15 in the increasing order of their MELD score. CBMN assay was used to enumerate MNi and NBUDs in the
peripheral blood lymphocytes. Other test methods used include Jendrassik and Grof (total bilirubin), Kinetic IFCC (ALT and AST), Bromocresol Green
Assay (albumin), clotting time with calcium thromboplastin (I.N.R), Kinetic Jafee’s method (serum creatinine), real-time screening ultrasonography of
abdomen (ascites) counting using SYSMEX XT series/ COULTER LH 750 series (WBCs, RBCs) and Counting chamber (platelets). M, male; F, female; AL,
alcoholic cirrhosis; CR, cryptogenic cirrhosis; NA, not applicable; CTP score, Child Turgotte Pugh score; ALP, Alanine aminotransferase; AST, Aspartate
aminotransferase; INR, international normalized ratio; WBC, white blood cell; RBC, red blood cell; IFCC, International Federation of Clinical Chemistry
and Laboratory Medicine.
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obtaining good quality MSCs from BM for transplantation. Interesting-
ly, when the MNi count was high in BM-MSCs, PB-lymphocytes also
showed correspondingly high MNi count and vice versa. As PB-lym-
phocytes could reflect the genetic instability of BM-MSCs, we pro-
pose that scoring of MNi in the PB-lymphocytes, prior to BM aspi-
ration, as a screening test for predicting the quality of BM-MSCs in
patients with cirrhosis of the liver.

p

Figure 4: MNi distribution in PB-lymphocytes of the patients at different stages of
cirrhosis. MNi count differed among the patients (n=23), irrespective of the stage of
cirrhosis. The progress of cirrhosis is indicated by the MELD score (in the increasing
order from left to right). Cirrhotic patients from both the groups (P1-P8, the group I
and S1-S15, group II) were included for the analysis. The dotted line indicated a low
level of MNi count (<10 MNi / 1000 cells).

Discussion

The present study was conducted in cirrhotic patients to develop
a screening method for predicting the quality of MSCs prior to bone
marrow aspiration. We compared the genetic instability of BM-MSCs
and PB-lymphocytes from cirrhotic patients and studied how genet-
ic instability affected the quality of BM-MSCs. The results demon- Supplementary Figure 1: Adipocyte differentiation potential of BM-MSCs from a
strated that genetic instability, indicated by a high MNi count, affect- healthy control and patients with liver cirrhosis. Representative phase contrast images
_ . . - : of Oil Red O staining demonstrating oil droplets (stained red) containing adipocytes
ed tl.le grOWth of BM MSCs in vitro. MSCs with a hlgh m.lmbe_r of differentiated from BM-MSCs from (A) a healthy control; and (B) P1, (C) P2, (D)
MNi had.longe.r DT, increased senescence .and red_uged prohfer_atlon. P3, (E) P4, (F) P5, (G) P6, (H) P7 and (1) P8, the patients with liver cirthosis. Scale
Genetic instability also decreased the differentiation potential of | bar- 100um.
MSCs in cirrhotic patients. Thus, genetic stability is important for
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We used the CBMN assay to evaluate the MNi count in PB-lym-
phocytes. CBMN assay is a robust method for measuring DNA dam-
age, cytostasis, and cytotoxicity in different mammalian cells, includ-
ing lymphocytes [15]. It has been successfully used as a predictor of
normal tissue, genotoxicity, radiation sensitivity and cancer risk [16-
17]. Our study reveals that the CBMN assay can also be employed to
predict the quality of BM-MSCs.

Most of the clinical studies using MSCs follow the minimal iden-
tification criteria for human MSC [18], defined by the Internation-
al Society for Cellular Therapy (ISCT] in 2006 [19]. According to
ISCT guidelines, MSCs should be (i) plastic adherent when grown
in standard culture conditions, (ii) positive for surface markers such
as CD105, CD73, and CD90, (iii) negative for CD34, CD45, CD14
or CD11b, CD79a or CD19 and HLA-DR; and (iv) differentiate into
osteoblasts, adipocytes, and chondroblasts in vitro. In our study, all
the MSCs isolated from the bone marrow samples of patients at dif-
ferent stages of cirrhosis showed plastic adherence, spindle-shaped
fibroblast-like morphology, surface maker profile, tri-lincage differ-
entiation potential, and more than 90% viability, depicted by the ex-
isting quality control standards, qualifying them for use in clinical
transplantation. However, these MSCs differed in their in vitro MNi
count, DT, proliferation, senescence and differentiation potential.
Longer DT and an increase in senescence resulted in a slow prolifer-
ation of MSCs, hindering their efficient ex vivo expansion for clinical
use. A high number of MNi, indicative of chromosome breakage and/
or whole chromosome loss, reflected genetic instability in these cells.
On the contrary, MSCs with genetic stability, indicated by a low MNi
count (<10 MNi / 1000 cells), showed normal growth and differentia-
tion potential.

Genetic integrity is crucial for MSCs which require an ex vivo ex-
pansion before clinical transplantation [20]. Genetic integrity studies
in umbilical cord-derived MSCs (UC-MSCs) and placenta-derived
(PD-MSCs) demonstrated that UC-MSCs had less MNi and NBUDs
compared to PD-MSCs obtained from the same patient [9]. They also
reported that MSCs having high MNi and NBUDs scores showed de-
creased proliferation, a longer S phase, G2-M arrest and increased se-
nescence. Besides, the MNi or NBUDs status did not alter their Clus-
ter of Differentiation (CD) surface marker profile and their ability to
differentiate into osteoblasts, adipocytes, and chondrocytes. The cur-
rent study corroborated the above-mentioned influence of MNi count
on the in vitro proliferation of MSCs. However, our data accounts for
a marked decrease in the adipocyte differentiation potential of MSCs
with high MNi count in cirrhotic patients. Further studies are required
to understand the cellular phenomenon behind such a drastic decrease
in adipocyte differentiation potential, which is beyond the scope of
the current study.

There are many known agents such as radiation, chemical muta-
gens, alcohol and viruses which can cause genetic damage resulting
in abnormal MNi count in cells [21-24]. It is reported that patients
with liver cirrhosis of viral origin had a high number of MN!i in their
hepatocytes [25]. High frequency of MNi was also reported in hepa-
tocellular carcinoma [26-27] and non-alcoholic steatohepatitis [28].
When we compared the quality / MNi count of MSCs with the MELD
score of the patients, we found that the quality / MNi count of MSCs
varied irrespective of the MELD score. Further validation studies in
a greater number of patients also could not reveal any direct associa-
tion of MNi count with the stage of cirrhosis. Therefore, the stage of

cirrhosis cannot be considered as the sole criteria for selecting pa-
tients for autologous BM-MSC transplantation. To the best of our
knowledge, this is the first study evaluating the MNi status in BM-
MSCs of patients with non-viral etiology of liver cirrhosis. However
further comprehensive studies in a larger population are required to
understand the factors affecting the MNi distribution in BM-MSCs.

Present findings demonstrated that there is variation in the quality
of MSCs from the bone marrow of cirrhotic patients irrespective of
their disease status and corroborated the association of MNi count
of PB-lymphocytes with the quality of BM-MSCs. Apparently, the
CBMN assay for MNi in PB-lymphocytes could be used as a cost-ef-
fective, minimally invasive and efficient screening test for pre-as-
sessing the quality of MSCs prior to bone marrow aspiration. Such a
screening test would have far-reaching applications in MSC therapy
as it can be validated and used for predicting the quality of MSCs
from other sources as well. As MNi status of MSCs influenced their
growth kinetics and differentiation potential, MNi scoring of MSCs
can be included as an additional quality control measure for MSC
transplantation.
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