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Abstract: Umbilical cord blood transplantation has limitations due to lesser number of Hematopoietic Stem Cells
(HSCs) in the graft, needed for efficient hematopoietic reconstitution. Besides that, problems in getting an
appropriate HLA match and incidence of severe GvHD are inherent issues. Ex-vivo CD34" HSC expansion is one
of the key strategies to increase HSC numbers to meet the recommended dosage requirement. Recent reports have
demonstrated the plasticity of CD34" HSCs that helps differentiate them into various cell types including renal,
cardiac, liver, neural, mesenchymal and muscle cells. This makes CD34" cells yet another novel cell type for
regular use in regenerative medicine applications.

Objective: The objective of this research was to establish a cost effective ex-vivo expansion of HSCs using perinatal
MSCs as a feeder layer while maintaining stemness and functionality.

Method: We used a mixture of Mesenchymal Stem Cells derived from three perinatal sources (Umbilical cord
tissue, placenta and amniotic sac) as a feeder layer for Ex-vivo expansion of CD34" HSCs pooled from multiple
cord blood units. The media used contained different concentrations of cytokines. A mix of different MSCs release
abundant growth factors and cytokines much required for the maintenance of phenotype and functionality of
CD34" HSCs during expansion.

Results: We obtained average 30 fold expansion of CD34" HSCs. It was a cost effective process. The functional
characterization confirmed the stemness of the expanded cells.

Conclusion: MSCs from perinatal sources is a good option as a feeder layer for the Ex-vivo expansion of CD34"
HSCs. This source of MSC is ontogenetically naive and can produce more amounts of cytokines for sustainable
HSC expansion.

Keywords: Ex-vivo expansion, CD34" HSCs, Mesenchymal Stem Cells, Perinatal sources, Regenerative Medicine,
Co-culture.

I. INTRODUCTION

Related and un-related umbilical cord blood stem cell transplantation is an established therapy for treatment of
hematological malignancies with or without a complete HLA match [1][2][3]. The disorders treatable with cord blood
stem cells include Leukemia, Sickle Cell Anemia, Thalassemia and certain autoimmune diseases [4]. Additionally, there
is an increasing evidence that hematopoietic stem cells, with their characteristic CD34" positivity, play a crucial role even
in the regenerative process in various ischemic pathologies, support transdifferentiation into cells such as hepatocytes
cardiomyocytes and respiratory epithelial cells[5] [6], [7], [8] in animal models. The role played by CD34" cells in
neurological recovery has been established in animal models of stroke. It has been noted that neurogenesis and
angiogenesis are enhanced after administration of CD34" cells to such models [9]. Hematopoietic stem cells are also
believed to have a role in vasculogenesis in ischemic kidneys [10]. Many pre-clinical studies highlighted the significance
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of CD34" HSCs in restoring functions of ischemic myocardium by improving blood flow [5][11]. Numerous clinical
studies in humans have been encouraging with respect to angiogenic potential of HSCs in myocardial ischemia as
compared to traditional therapy regimens [12]. It is amply evident that the mobilization of peripheral blood CD34" cells
results in faster neurological and functional recovery in patients with stroke [13].

To address the various above unmet clinical needs, the umbilical cord blood derived CD34" HSCs will need to be
expanded in vitro to meet the requisite dosage requirements [3][4]. Ex-vivo expansion is equally important and necessary
for application of CD34" HSCs in regenerative medicine applications, since umbilical cord blood is not an abundant
source of HSCs. For this reason, expanding a single umbilical cord blood graft for use in regenerative medicine
application turns out to be financially non feasible. It involves use of expensive growth factors, magnetic purification
consumables, leaving us with poor yields. However, optimization of pre-expansion HSC numbers by pooling multiple
cord blood units seems more cost effective. This pooling could be useful in regenerative medicine applications as
histocompatibility is not a requirement [14].

Umbilical cord blood CD34" HSCs are more naive than those derived from adult sources [14]. Also cord blood is less
cytotoxic than bone marrow or peripheral blood as there are less immune cells in the cord blood compared to their
counterparts [15][16][12]. These HSCs have longer telomeres and greater proliferation potentials that make it an attractive
source of stem cells [17][18][19].

In the present study, we have looked at all aspects of expanding CD34" HSCs from pooled umbilical cord blood units
from different donors, using a feeder layer, having a mixture of Mesenchymal Stem Cells (MSCs) derived from three
different perinatal sources viz. cord tissue, placenta and amniotic sac. We attempted to establish a cost effective processes
that will make it worthy of being considered as a regular treatment offering.

Il. MATERIALS AND METHODS

Umbilical cord blood samples were collected immediately after delivery, following universally accepted procedures and
after due approvals from the Institutional Ethics committee [IEC]. The expectant mothers were counseled for benefits,
discomforts, risks associated with the collection and a detailed medical history was obtained. Maternal blood samples
were also collected to test for freedom from infectious disease agents, following appropriate guidelines and laws in force
in this region. The maternal samples and the cord blood were transported to the processing laboratory between 15 to 22°C
in a specially made validated box; cord blood units were processed within 48 hours of collection.

A. Collection of Umbilical Cord Tissue, Placenta and Amnion

The cord tissue, the placenta and the amniotic sac were collected after the delivery following a standard procedure.
Approximately two pieces of 10 cm each of the cord tissue were cut and transported in shipping media containing
phosphate buffer saline (PBS) containing antibiotics. The whole placenta along with amniotic sac was shipped in a
container having PBS with antibiotics. All the biological tissues were shipped in a validated temperature controlled box
between 15 to 22°C. Tissues were processed within 48 hours of collection.

B. Isolation of Mesenchymal Stem Cells (MSCs) from Cord Tissue, Placenta and Amnion

MSCs were isolated from the cord tissues by following the in-house validated protocols [20]. Briefly, the cord tissue was
cleaned with PBS (Cellclone, Genetix, India) pre-treated with antibiotics. The ends of cord tissue were cut and thrown
away. About 2 cms cord tissue pieces were selected and blood clots if any were removed from this segment. Smaller
explants were dissected cross sectionally and placed into tissue culture-treated dishes in an expansion media containing
DMEM/F12 (Gibco, USA) with 10 % serum (Gibco, USA) and 2 ng/ml bFGF (Invitrogen, USA). The cells were allowed
to grow out of the explants and further expanded into monolayer cultures at 37°C and 5% CO,. The media was changed
every second day and cells were sub-cultured upon confluence and characterized at every passage.

MSCs from the placental tissue were derived by enzymatic digestion using 0.4% collagenase type 1V (Gibco, USA) and
0.01% DNase (Roche, Germany). This mixture was incubated at 37°C for about an hour to achieve complete digestion.
The suspension so obtained was washed twice with PBS (Cellclone, Genetix, India) and seeded into a tissue culture
treated flask in expansion media containing DMEM/F12 (Gibco, USA) with 10 % serum (Gibco, USA) and 2 ng/ml bFGF
(Invitrogen, USA). The cells were allowed to grow and further expanded in a monolayer culture at 37°C and 5% CO,. The
media was changed every second day and cells were sub-cultured upon confluence and characterized at every passage.
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The amniotic tissue was extracted from the fetal side to avoid maternal cell contamination. The tissue was mechanically
fragmented and the resultant tissue pieces were washed with PBS (Cellclone, Genetix, India) multiple times. The tissue
pieces were then subjected to enzymatic digestion in two stages. The first stage was to remove epithelial amniotic cells by
incubation with recombinant Trypsin (Trypsol-AOF®, Biogenomics, India) at 37°C for 5 minutes. The second stage was
to make a single cell suspension in which collagenase type IV (Gibco, USA) was used at 37°C for 5 minutes. The enzyme
was then inactivated by serum. The suspension so obtained was then filtered and washed with PBS (Cellclone, Genetix,
India). The cell suspension was seeded into tissue culture treated flask in expansion media containing DMEM/F12
(Gibco, USA) with 10 % serum (Gibco, USA) and 2 ng/ml bFGF (Invitrogen, USA). The cells were allowed to grow and
further expanded in a monolayer culture at 37°C and 5% CO,. The media was changed every second day and cells were
sub-cultured upon confluence and characterized at every passage.

C. Co-culturing MSCs from Cord Tissue, Placenta and Amniotic Sac

The MSCs at passage zero (after primary culture) from all the three sources viz. cord tissue, placental tissue and amniotic
sac were co-cultured into a tissue culture-treated flask at a ratio of 1:1:1 in a similar expansion media. The media was
changed every second day and cells were sub-cultured upon confluence and characterized at every passage.

D. Umbilical Cord Blood Processing and Storage

The umbilical cord blood was processed in a GMP (Good Manufacturing Practices) compliant clean room. The collection
volume of cord blood was determined and an equal volume of Hydroxy Ethyl Starch (HES) was added to the cord blood
bag and after proper mixing, hanged upright for sendimenting RBCs. The settled RBCs at the bottom were removed from
the bag through one of the ports and discarded. The stem cells’ rich plasma left in the bag was transferred to 50 ml sterile
centrifuge tubes. These tubes were centrifuged at 1500 rpm for 10 minutes to pellet down nucleated cells. The final
volume of the plasma along with the nucleated cell pellet was made up to 20 ml. This cell suspension was then pre-cooled
on ice packs and 5 ml of 10% cold DMSO (Dimethyl Suphoxide) was added very slowly with intermittent gentle mixing.
The cells were then transferred into 5 ml cryovials. The cells were then controlled rate frozen and stored at -196°C in
vapour phase of nitrogen.

E. Characterization of Umbilical Cord Blood and Mesenchymal Stem Cells

The umbilical cord blood was subjected to pre-process and post-processes cell counts, then characterize by flow
cytometry following ISHAGE guidelines for enumeration of CD34" hematopoietic stems cells and the viability [21]. The
mononuclear cells (MNCs) and expanded CD34" hematopoietic stem cells were also subject to flow cytometry and
viability analysis. Briefly, approximately 50,000 cells were added with FITC labelled antiCD45 and PE labelled antiCD34
antibodies (BD Pharmingen, USA). The stained cells were acquired, and about 20,000 events were analysed using Cell
Quest software (BD, CA, USA), in a FACSCalibur instrument.

MSCs were characterized for cell surface markers such as CD90, CD73, CD105 and HLA-DR antibodies. Conjugated
with FITC or PE or PerCp or APC (All antibodies conjugated with fluorochrome were from BD Pharmingen, USA).

F. Isolation of Mononuclear Cells (MSCs) from Frozen Umbilical Cord Blood Units

The cryopreserved stem cell enriched cord blood units stored in vapor nitrogen formed the starting material to isolate
MNCs. Multiple cord blood units were used to set up a single expansion batch. The starting absolute CD34" cell count at
the beginning of every batch from multiple cord blood units was kept between 10 to 15 million. The selected cord blood
units were retrieved from vapor nitrogen and rapidly thawed at 37°C with intermittent mixing as per our SOP. Upon
reaching a semi-thaw state, the contents from one cord blood unit were collected into one 50 ml sterile tube. To this 25 ml
thawed cord blood unit, an equal volume of thawing media (containing 4% serum in PBS and added with DNase) was
added and mixed well to avoid clumping of cells. The cells in all 50 ml tubes were washed and resuspended in thawing
media. The cell suspension was layered onto equal volume of Ficoll (Histopaque, Sigma, USA) for density gradient
centrifugation at 400g for 20 minutes. The MNC ring from the interface was collected in another 50 ml tube. Then, MNCs
from multiple cord blood units were pooled into the same 50 ml tube. The pooled MNCs were washed once with the
thawing media. The cells were counted using Hemocytometer and CD34" HSC enumeration was performed using flow
Cytometry.
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G. Purification of CD34" Hematopoietic Stem Cells from MNCs

The CD34" hematopoietic stem cells were purified from MNCs by magnetic separation. All reagents were purchased from
Miltenyi Biotech, Germany. Briefly, the pooled MNCs were pelleted out, and for every 100 million MNCs, 300 pl of
MACS Buffer (PBS with 4% serum) was added and mixed well. Then, for every 100 million MNCs, 100 pl of FcR
blocking reagent was added followed by addition of 100 ul of CD34 microbeads to the MNC cell suspension. The MNC
cell suspension along with added reagents was incubated at 2-8°C for 30 to 40 minutes in the refrigerator. After
incubation, the cells were washed twice with MACS buffer and resuspended in 1 ml for MS column (for less than 2000
million cells) or in 3 ml for LS column (for cells between 2000 to 200,000 million cells) of MACS buffer on the basis of
cell count. The column of appropriate capacity was pre-conditioned following manufacturer’s instructions. The cell
suspension was passed through the column and the positive fraction of CD34" cells was collected by a depletion strategy
in a fresh sterile centrifuge tube. The CD34" cell fraction was washed with MACS buffer and resuspended in appropriate
media. The cells were counted using a Hemocytometer.

H. Co-culture of CD34" Hematopoietic Stem Cells with MSCs (Isolated and Mixed from Three Sources viz. Cord
Tissue, Placental Tissue and Amniotic Tissue)

The mix of MSCs from three sources was harvested and seeded into a tissue culture-treated flask at a fixed density of 0.8
million cells, one day before the purification of CD34" hematopoietic stem cells. On the second day, the MSCs were
observed under the microscope and checked for presence of cell adherence in a very low confluence. The MSC media was
changed to CD34" cell expansion media containing IMDM (Gibco, USA) with 10 % serum (Gibco, USA), 35 ng/ml or 70
ng/ml or 100 ng/ml or 140 ng/ml (four sets) each of SCF (Peprotech, Israel), TPO (Peprotech, Israel), FLT3 (Peprotech,
Israel) and 2 ng/ml bFGF (Invitrogen, USA). The purified CD34" hematopoietic stem cells were then seeded at a
concentration of 5 million cells per flask and the cells were allowed to grow and expand over monolayer culture of MSC
mix at 37°C and 5% CO,with humidity above 90%. The media was changed every third day and the cells were sub-
cultured upon confluence, a maximum of up to two times in the total period of expansion of 14 days. On day 14, the
suspended CD34" hematopoietic stem cells were collected in a 50 ml sterile tube and centrifuged at 1300 rpm for 5
minutes. The pellet was resuspended in a requisite volume of media and aliquots were obtained for cell count, flow
cytometry and functional assay. The monolayer MSC mix in the flasks was harvested following routine internal protocol
and the pellet was subjected to cell count, flow cytometry and functional assay. The ‘MSC’ mix pellet showed a small
CD34" cells’ contamination that was unavoidable.

I. Optimization of Growth Factor/Cytokine Concentration

The growth factors involved in expansion and maintenance of stem cells state of HSCs were optimized with respect to
their final concentration in the expansion media. This was to understand the best possible growth factor concentration at
which higher fold expansion can be achieved. The concentrations of growth factors were 35 ng/ml or 70 ng/ml or 100
ng/ml or 140 ng/ml (four sets) each of SCF (Peprotech, Israel), TPO (Peprotech, Israel), FLT3 (Peprotech, Israel) and
bFGF in the HSC expansion media as described in point no. 2.8. Rest of the procedure remains the same.

J. Functional assay

500 expanded CD34" cells were taken per 35mm dish and mixed with 1.5 ml methylcellulose media (Stem Cell
Technologies, USA). This suspension was then plated in duplicates and the plates were incubated at 37°C and 5% CO, in
a humidified environment. After 14 days of incubation, colonies were enumerated according to their type using a phase
contrast microscope. The evaluation was performed by two individuals separately. They were proficiency checked.

Statistical Analysis
The data was analysed using student’s unpaired 2 tailed t-test using online calculator provided by www.graphpad.com to
determine statistical significance. Values are given as mean + SD (standard deviation).
I1l. RESULTS
A. Characterization of MSCs Derived from Cord Tissue, Placenta and Amniotic Sac

The mix of MSCs from three sources viz. cord tissue, placental tissue and amniotic tissue revealed a typical ‘fibroblast’
like morphology under the microscope as shown in Fig. 1(a). Individual MSCs did not reveal major morphological
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differences. Before reaching confluence MSCs appeared stellate, and as the culture progressed they turned fibroblastic in
appearance. The mix of MSCs (n=7) expressed cell surface markers namely CD90, CD73 and CD105 and were negative
for HLA-DR. The average viability of all MSCs (n=7) was above 98% by flow cytometry. [Fig. 1(b)]. Our observations
are in line with the ISCT guidelines on MSC identification. Regardless of the source of MSCs, they were found to be
positive for cell surface markers CD90, CD73 and CD105 and negative for HLA-DR [22].

Figure 1(a): Mixed ‘MSC’ Culture showing ‘fibroblastic’ appearance. [10X].
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Figure 1(b): Representative (n=6) Flow cytometric plots of MSC mixture: CD90, CD73, CD105and HLA-DR
expressed as 95.84%, 99.82%, 99.86% and 0.08% respectively. The viability was at 98.28%.

B. Enumeration of Umbilical Cord Blood CD34* HSCs

Umbilical cord blood HSCs were characterized and enumerated following ISHAGE protocol using flow cytometry as
shown in Fig. 2.
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Figure 2: Representative (n=33) CD34" HSC from cord blood unit enumeration by ISHAGE Protocol

C. CD34" HSC Enumeration After Purification

The CD34" HSCs were typically round and shiny in the culture flask (Fig. 3(a)). Fig. 3(b) shows cells positive for CD45
(6.55 %) and CD34 (0.52%) immediately after purification but before expansion. The average viability was over 98%.

Figure 3(a): Morphology of CD34" HSCs Purified by Magnetic Labeling Technique From Umbilical Cord Blood
Unit. [10X].HSCs seen as round, shiny cells floating in liquid
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Figure 3(b): Representative (n=6) Flow Cytometric Immunophenotyping and Viability of Purified CD34" HSCs:
The percent CD45 and CD34 were 6.55% and 0.52% respectively.

D. Morphology & Flow Cytometric Enumeration of Expanded CD34" HSCs

The expanded CD34" HSCs were characterized by microscopy. It revealed a typical round; shiny appearance of cells in
bunches in the culture flask (Fig. 4(a)). The average (mean + SD) fold expansion of CD34" HSCs was 29.60 + 1.14 (Fig.
6(a)). The CD34" HSCs were positive for CD45 (99.24%) and CD34 (93.27%) markers as shown in Fig. 4(b). The
average viability was found to be above 98%.

Fig. 5 showing pictorial day-wise progress of CD34" HSC expansion over MSC feeder layer.

The role of initial CD34" HSC seeding density on HSC expansion is seen in Fig. 6(b). The average (mean + SD)
expansion was at 376.20 + 55.10 million from an average (mean = SD) initial seeding numbers of 12.36 + 1.63 million
HSCs, which is statistically significant. (p<0.0001).

The relation between fold expansion and potency is shown in Fig. 6(C). The average (mean + SD) fold expansion of the
five batches was 29.60 + 1.14 and the average (mean + SD) CFU (Colony Forming Units) were 23.99 + 3.05 million on
day 14. There is a linear correlation between the number of cells and its ability to form functional colonies, p value being
0.004.

Figure 4(a): Representative (n=6) Picture of CD34" HSC Morphology at Day 14. [10X].

Note: CD34" HSCs suspended in media. They exhibit confluence forming grape-like appearance. Observe the MSC-mix
feeder layer in the background.
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Figure 4(b): Representative (n=6) Flow cytometric Immunophenotyping and viability of expanded CD34* HSCs.
The percent CD45 and CD34 were 99.24% and 93.27% respectively. The percent CD34 marker obtained was back-
calculated with the total number of nucleated cells to arrive at the absolute numbers. The viability was 98.77%.

BN v

Figure 5) Representative Images of Day-wise Progress of CD34" HSCs in Culture. [10X]

E. Functional Characterization

Colonies of CFU-GM, CFU-GEMM and BFU-E were counted under the microscope (Fig. 8) and reported by a trained
and proficient laboratory personnel twice and then averaged. The average total (mean + SD) CFUs (Colony Forming
Units) were 23.99 + 3.05 million and we observed that the fold expansion affects CFU directly (Fig. 6(c)).

Table I) Colony Forming Unit (CFU) Assay for expansion batches having 100 ng/ml Growth Factor Concentration

Research Publish Journals

Batch No. Fold Expansion CFU (Million)
Batch 1 31 27.03
Batch 2 30 25.10
Batch 3 29 21.32
Batch 4 28 20.21
Batch 5 30 26.32
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Figure 6(a): Inter-batch comparison of Fold Expansion of CD34" HSCs.

Initial seeding density of CD34" HSCs was compared with the fold expansion. The average (mean + SD) fold expansion
among five batches was 29.60 + 2.75 and the average (mean £ SD) initial seeding density was 12.36 + 1.63. Note that
there is no linearity between cells seeded and fold expansion.

Initial CD34* HSC Vs Expanded CD34" HSC

T

8 g8

w w
g8

M Initial CD34 HSC (Million)

=]

il Expanded CD 34 H5C (Million)

Numberof Cels (Million)
]
Q

g8

un
Q

Q
I

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
Number of Batches

Figure 6(b): Consistency Data, Showing Dependable Expansion, From Batch to Batch.

Initial seeding density of CD34" HSCs was compared with the number of expanded HSCs after 14 days. The average
(mean £ SD) expansion density was 376.20 = 22.7 million from average (mean = SD) initial seeding density of 12.36 +
1.63 million HSCs. The increase in number of HSCs after expansion was highly statistically significant when compared
with average seeding density of HSCs (p<0.0001).
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Figure 6(c): Relation between Cell Numbers and Functionality
Higher the expanded cell numbers, more the CFU formation. (p=0.004).
F. Optimization of Growth Factor/Cytokine Concentration

We used cytokines like Stem Cell Factor (SCF), Thrombopoietin (TPO) and FLT3 Ligand in four concentrations. These
four concentrations were set 1 (35 ng/ml), set 2(70 ng/ml), set 3(100 ng/ml) and set 4 (140 ng/ml). The highest fold
expansion among these set of cytokine concentrations was considered as an indicator of suitable cytokine concentration.
The average fold expansion with set 1 was 14, set 2 was 20.2, set 3 was 29.6 and set 4 was 22.8 as shown in table II. The
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fold expansion kept increasing with increasing cytokine concentration up to 100ng/ml, however, the fold expansion
declined with cytokine concentration of 140 ng/ml (set 4).

Table Il) Compilation of Parameters from Five Batches

MSCs Seeded Initial CD34 Expanded‘ Fold CytokmtE
Batch No. (Million) HSC (Million) CD34 HSC o Concentration
(Million) (ng/ml)

15.71 185 1" 35

1231 249 19 70

Batch 1 0.6 111 351 31 100
12.5 291 22 140

117 223 18 35

12.42 281 22 70

Batch 2 0.6 143 443 30 100
13.6 346 24 140

12.69 172 13 35

10 225 22 70

Batch 3 0.6 1.2 331 29 100
12.4 311 24 140

1117 175 15 35

14.9 209 19 70

Batch 4 0.6 1121 328 28 100
13.2 208 22 140

15.05 211 13 35

15 301 19 70

Batch 5 0.6 14 428 30 100
13.7 317 22 140

Growth Factor/cytokine concentration were varied as indicated. Note consistent fold expansion figures in media
containing growth factor concentration 100 ng/ml.

Cytokine/Growth Factor Concentration and Fold Expansion
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"
o
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Figure 7) Fold Expansion Comparison among different Cytokine concentrations

Figure 8) Representative Pictures of Colony Forming Units (CFU) on day 14 after plating of expanded CD34"
HSCs: (A) CFU-GM Colony (B) CFU-GEMM Colony (C) BFU-E Colony. [10X].
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IV. DISCUSSION

The outcome of CD34" HSC transplantation is often adversely affected due to low cell numbers in the cord blood graft
[3]. For this reason, efforts are being directed towards validating novel and cost effective expansion protocols to meet the
increasing demand of hematopoietic stem cells [5][6][7]1[8][9]. The HSCs, apart from reconstituting haematopoiesis play a
significant role in the regenerative medicine arena. Kurtzberg and team from Duke University released findings from a
double-blind, placebo-controlled phase |1 clinical trial and established Safety and efficacy of umbilical cord blood stem
cells for the treatment of Cerebral Palsy [23]. The same group is testing the feasibility and safety of umbilical cord blood
stem cells in patients with Autism Spectrum Disorder (ASD) [24]. There are several studies that are currently ongoing, on
the use of HSCs for various other degenerative disorders.

In this study, the umbilical cord blood units were collected, processed and stored within 24 hours of collection as per the
cord blood banking protocols. These cord blood units were used for HSC expansion within one year of cryopreservation.
Prior to use, they were thawed as per our internal processes. Multiple cord blood units were retrieved and pooled for
expansion purposes and the starting number of cells for expansion was defined. HLA matching was not considered as they
were meant to be for vasculogenesis or angiogenesis. It is postulated that they work through paracrine signalling or by
increasing the local cues [15]. The evidence of this non HLA matched transfusion can be traced back to as early as the
1930s, when there was no HLA matching technology available [15]. In those studies, the blood group matched and HLA
mismatched cord blood units were transfused to a non-preconditioned patient with neonatal anaemia [25].The purpose
then probably was for improving oxygenation. But for hematopoietic reconstitution, only the best HLA matched unit/s
shall be expanded to the desirable levels. The challenge there is to get the right match from a repository and expand it
meaningfully, for a hematopoietic reconstitution. In Africa, 128 paediatric patients with severe anaemia were transplanted
with ABO-matched but HLA-mismatched cord blood with no reports of any graft versus host disease [26]. While pooling
samples for expansion, invariably, all samples have different HLA types. The cost for expanding a single cord blood unit
versus pooled units was much higher as it was the starting count that decided the final numbers. So, it is wise to use
expensive consumables judiciously on ‘pooled’ units and expect proportionately higher number of cells. We have
assumed that mixing dissimilar HLAs in culture has not affected the expansion dynamics. In our experiment, we tried to
stay focused on making it cost effective by optimizing all parameters, mainly the cytokine quantities. We used the same
media as reported by Tipnis et al [3] but with different concentrations of cytokines. The purpose of using different
cytokine concentrations was to find out the best concentration at which higher fold expansion could be possible. We
observed an average 30 fold expansion with 100 ng/ml of cytokine concentration being highest among all other
concentrations of cytokines tried in this study. This was a valuable observation. The feeder layer in our study is a mix of
naive cells as compared to studies that chose cells from a single source like bone marrow and cord tissue.

Instead of the traditional Trypsin used for cell harvesting, we used a recombinant Trypsin (Trypsol-AOF®, Biogenomics,
India) which was gentle on the cells and is animal protein free. The Trypsol-AOF® was very useful, and can definitely
support cell survival. This ‘animal free’ reagent would be a regulatory requirement as cells move into the clinical trial
phase. We conducted validation batches on a pilot scale using a fixed initial seeding density of 10-15 Million cells. We
have not tried increasing or decreasing this density to check for optimization. This fixed density may or may not have led
to any feedback inhibition, though we have not been able to demonstrate that.

It is known that several factors other than growth factors and cytokines affect CD34" HSC expansion. Needless to say,
this includes besides other factors, the proficiency and training of the personnel performing the experiment, the quality of
various cord blood units retrieved and the nature of MSCs.

The cells constituting the feeder layer affects HSC expansion to a great extent. So far, MSCs derived from various sources
have been checked for their suitability as a feeder layer [3]. In this experiment, we tried a mix of MSCs derived from
three perinatal tissues i.e. umbilical cord tissue; placenta and amniotic sac as shown in figure 1(a). The phenotype of MSC
mix is as shown in figure 1(b). It complied with the ISCT guidelines for identification of MSCs [27]. The nature and
source of feeder layer reportedly has a direct impact on prevention of apoptosis of expanded HSCs [28]. This perhaps is
believed to be due to various soluble factors and signalling cues secreted by MSCs [29]. Wagner et al reported that there
is genetic variability among MSCs derived from different sources [30] and is reflected by the difference in the levels and
quality of growth factors secreted by them [31]. Although our objective was not to study the effect of feeder layer on
apoptosis of HSCs, we got a viability of >98% in all the batches as shown in figure 4(b). This is an indirect proof
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suggesting lesser cell losses in the process. According to Klingemann et al, the MSCs from perinatal sources (cord tissue,
placenta and amniotic sac) are ontogenetically more primitive as compared to those from adult sources. This is
accompanied by considerable functional variations [32][33] and generation of more anti-apoptotic signals. This was
favourable and desirable.

Next, we checked the role of MSC numbers as a feeder layer. More the MSCs faster is the growth rate, and chances of
inhibition of HSC multiplication. And, too few MSCs, slow down the expansion. Hence there is very delicate balance
between growth kinetics of MSCs and HSCs. We observed that with a small inoculum of 0.6 million MSCs in a T175
flask, 10-12 million HSCs can be seeded for a good expansion (Refer Table 1). We achieved consistent results in all
batches processed.

The average (mean + SD) fold expansion of the five batches was 29.60 + 1.14 (Figure 6(a)) which is nearly same as
reported in previous studies using MSCs derived from umbilical cord tissue. This outcome is also consistent with the
study reported by McNiece et al using bone marrow-derived MSCs [34].

The morphology of HSCs prior to and after expansion remained unaffected as shown in figure 3(a) and 4(a). We observed
a linear and exponential relationship between fold expansion and CFU outcomes using a cost effective process. Cell
numbers directly affected the potency (CFU) of the expanded HSCs (p=0.004). The duration of cryopreservation prior to
expansion did not affect the expansion outcome in any way.

V. CONCLUSION

We showed reproducible results with regards ex-vivo expansion of CD34" HSCs using a cost effective protocol with the
use of mix of MSCs derived from different perinatal sources. This study is the first of its kind where unrelated
Mesenchymal Stem Cells (MSCs) derived from three different perinatal sources (viz. cord tissue, placenta and amniotic
sac) were used as a feeder layer for CD34" HSC ex-vivo expansion.

This cost effective CD34" HSCs expansion protocol is expected to be useful in addressing various clinical needs in the
future. These cells are promising to be the next candidate cell type that will find place in the treatment of degenerative
disorders.
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