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Abstract
Background: Human progenitor, primary cell-based

Methods and results: Tissue based method of

models are emerging as alternatives to animal systems

stromal cell population isolation method, MACS to

in discovery and development stages of pharma and

generate

biopharmaceutical candidates meant for clinical

conditioning medium to coax neuronal morphologies

application. In vitro platforms available for such use

were employed to generate human microphysiological

including for assessments of human neuro related

in vitro primary cellular platforms. The stromal cells,

toxicities and virulence have been rarely reported. We

sorted cells and coaxed neuronal like cells (CNC)

characterized biological discard sourced primary

manifest distinct phenotypes and genotypes. The

progenitor cells configured as microphysiological

sorted cells show enrichment of pluripotent gene

systems in vitro to establish phenotype and genotype

markers compared to heterogeneous stromal precursor

signatures with reference to

cell population while CNCs show characteristic

pluripotency

neuronal lineage.

and

induced

pluripotent

cell

fractions,

complementation with Nestin, EN, Tra1, Musashi,
NFL genes.

Archives of Clinical and Biomedical Research

Vol. 6 No. 3 – June 2022. [ISSN 2572-9292].

536

Arch Clin Biomed Res 2022; 6 (3): 536-552

DOI: 10.26502/acbr.50170266

Conclusion: We report here an in vitro human

organisms, viz mice, rats, as part of a community-

biological discard derived primary progenitor cell-

wide shift away from animal models [5-7].

based system with innate pluripotent genotype
inclined towards neuronal lineage upon induction.

Primary progenitor cells are preferable to established

Our study offers a possibility that human derived

cell-lines for neurobiological studies, for more than

microphysiological systems generated in scale owing

one reason [8, 9]. The latter acquire polymorphisms

to the source advantage may bring novel insights into

with time and passage and a population often

the design and choice of next generation assessment

comprises a diversity of genetic backgrounds. Primary

methodologies

neurotoxicity,

progenitor cells don’t suffer from this problem, and

neurovirulence like non-clinical safety parameters

have the other qualities desirable in a cellular model

surrounding vaccines and drugs for safe delivery in

system built on. Progenitor cells can be sourced from

line with FDA’s advice to the global industry.

plentifully available biological discards like umbilical

in

testing

cord tissue collected at human birth [10]. Such tissues

Keywords: Stromal cells; SSEA4; Pluripotent; Stem

house stromal (mesenchymal) progenitor cells, which

cells; Neuronal lineage

can give rise to both multipotent and human induced
pluripotent cell populations (HiPSCs) in appropriate

1. Introduction

conditions, and thence to human neurons [11, 12]. If

Clinical in vivo studies have traditionally followed the

this transformation can be achieved at scale/

establishment of a proof-of-concept in vitro [1, 2].

throughput, it will enable, and expand, the use of such

The in vitro model is therefore of primary importance,

“manufactured” neuronal cells in the biotech and

and much thought should go into the choice of the
same. As with all model systems, the availability of

pharma industries, especially in the testing of
neurotoxicity and neurovirulence like non-clinical

the model, cost, and most importantly, the degree of

safety related end points. In the context of the biotech

resemblance to the human physiology, the degree to

and pharma industry, such bespoke human surrogate

which the model reproduces the “real thing”, are all

cell based micro physiological systems can be used as

considerations in the choice of the model system. This

real time platforms for the assay of neurovirulence

is

and neurotoxicity in drugs, vaccines, and cosmetics

especially

true

in

human

neurological

microphysiology modeling where tissue biopsies are
difficult to acquire and often difficult to obtain large
and viable cell culture systems to utilize in assay

meant for human consumption [13, 14].
In this article, we present three of our laboratory

techniques. Immortalized cells can be used to certain

derived cellular systems produced from donated

extent but have significant genetic, transcriptional and

biological discard, i.e human umbilical cord. We

protein expression changes in the assay’s baseline

detail their phenotype and genotype to establish the

data set, affecting the readouts [3, 4]. Stem cell-based

signature cellular features that can be leveraged for

systems

various applications and use cases.

and

especially

human

sourced

are

increasingly being used as surrogates for whole
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2. Materials and Methods
2.1

Primary

cells

harvest

ng/ml), retinoic acid (20 ng/ml), db-cAMP (50 µM)
and

In

vitro

and interleukin-1b (200 pg/ml).

Configuration
Stromal cell isolation: Umbilical cord (UC) samples

Phenotyping

received from donors (3) after obtaining informed

Microscopy:

consent were cleaned in sterile PBS containing

Phase Contrast: Live cells were profiled under

antibiotic (two times) in the biosafety cabinet. The

inverted

tissue was cut into small pieces (1-2 cm) with a sterile

magnification at >70% confluency unless otherwise

blade. These pieces were covered in knockout DMEM

specified.

phase

contrast

microscope

at

20X

supplemented with 10% FBS, 20 ng/ml EGF, 10
ng/ml b-FGF, 2 mM L-glutamine, 100 IU/ml

2.1.3 Immunostaining & Confocal imaging: Cells

penicillin/streptomycin and incubated at 37°C in an

were grown on precleaned 75 mm coverslips for 24

atmosphere of 5% CO2 for 10-15 days (while

hrs. Cells were rinsed and fixed in freshly prepared

changing the media every 2-3 days). The tissue pieces

4% paraformaldehyde for 15 min. The cells were

were discarded after the cells outgrowth reached a

permeabilized with a blocking solution containing

confluency of 50-80% and labeled as P0 (passage)

0.1% Triton X-100, 1% BSA in PBS for 1 hr. Cells

stage. Cells were digested with 0.25% trypsin,

were incubated with a primary antibody (FITC

centrifuged and sub-cultured in fresh flasks for

conjugated SSEA4 antigen-Miltenyi) diluted in PBS

subsequent passages.

(1:50) for 30 min at room temperature. Cells were
rinsed with PBS once for 5min before proceeding for

2.1.1 Enrichment and fractionation: Stromal cells

PI staining (1:5) for 15 min in PBS at room

were collected at P3 stage processed for the isolation

temperature. The cells were gently rinsed three times

of SSEA4 positive population using Miltenyi Biotech

each in PBS and mounted in a mounting medium

kit in accordance with the protocol mentioned in the

containing

user’s manual. The enrichment procedure fractionates

Invitrogen).

DAPI

(1µg/ml;

Molecular

probes/

the positive cell population that is antibody bound
(sorted cells) and unbound cells (flow through). The

Leica

TCS

SP8

microscope

inverted-based

sorted cells were cultured in medium containing

microscope equipped with 20, 40 and 63X objectives

DMEM supplemented with 10% FBS, 20 ng/ml EGF,

was used to obtain confocal images. FITC was excited

10 ng/ml b-FGF, 2 mM L-glutamine and 100 IU/ml

at 488 nm; the emission filters 498–551 were used to

penicillin/streptomycin.

collect the signal. PI was excited at 568 nm; emission
filters 648– 701 were used to collect the signal.

2.1.2 Generation of Coaxed Neuronal like Cells

Images were then treated with Fiji to obtain

(CNCs): P3 stage sorted cells were conditioned for

fluorescent images using maximum Z-projections

48hrs in Neurobasal media containing N2 (1%), B27

[15].

(2%), b-FGF (10 ng/ml), EGF (20 ng/ml), GDNF (20
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2.1.4 Karyotyping: Cells were sub-cultured at 1:4

2.3 RNA isolation and RT PCR analysis

dilution before harvesting and were collected with

Total RNA was extracted using the RNeasy (Qiagen)

Trypsin EDTA prior to colchicine treatment. After

method. First strand cDNA was generated using

centrifugation, the cells were resuspended and spread

Prime Script 1st Strand cDNA kit (Takara) according

on a slide, fixed with aceto-methanol. Fixed cells

to manufacturer’s instructions. Real time PCR was

were dropped on glass slides and allowed to air dry

performed using CFX96 PCR system with SYBR

[16]. Chromosomes were G-banded after staining

Premix Ex Taq II kit (Takara). The primers used for

with Giemsa dye. A total of 5 metaphases were

qRT-PCR analysis are listed in Table 2. Each PCR

analyzed using a Leica microscope.

was carried out in at least three independent
replicates.

The

p-values

were

estimated

after

2.1.5 Population Doubling Time (PDT) scoring:

comparing among the cell types using bilateral

Cells were seeded in a 12 well plate at a density of

student test. In all analyses, ‘ns’ stands for not

0.02m and counted using Tali (Invitrogen) or by

significant, for p- value> 0.05; ‘*' for p-value<0.05;

manual method using Hemocytometer for every 12hr

‘**' for p-value<0.01; ‘***' for p-value<0.001.

until 100 hrs. PDT was calculated using the formula: t
X Log2/(LogC2/LogC1) [ t= duration in hours, Log =

3. Results

10 based Log, C1 = 1st cell count, C2 = 2nd cell

3.1 Distinct phenotypes and normal karyotype as

count] (ATCC.org).

in vitro cellular systems’ signature
Stromal cells were derived from cord tissue explants

2.2 Flow cytometric analysis
Cells

were detached and

by harvesting the outgrowth on coated plastic surface
stained

with

FITC

for 12 to 20 days as described above. Inverted phase

conjugated monoclonal antibody against SSEA4

contrast microscopy revealed that P3 stromal cells and

antigen (Miltenyi) for 10 min at 4 C in a buffer

configured sorted cells were documented to be spindle

containing antibody according to the manufacturer's

shaped, fibroblast-like (Figure 1A). We did not notice

protocol.

any major morphological differences between stromal
cell type and sorted cell type although the later one

Prior to the analysis, cells were washed by adding 1ml

was the fractionated and configured category. Sorted

of buffer and were resuspended in PBS and subjected

cells at P2 showed normal karyotype containing 46

to FACS analysis. At least 10,000 cells were analyzed

chromosomes

per sample using FACS Calibur flow cytometer (BD

structural

biosciences).

breaks (Figure 1B).
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amplicon
size

Gene

Forward primer

Reverse Primer

1

TH

GCTGGACAAGTGTCATCACCTG

CCTGTACTGGAAGGCGATCTCA

2

NURR1

AAACTGCCCAGTGGACAAGCGT

GCTCTTCGGTTTCGAGGGCAAA

145

3

DAT

CCTCAACGACACTTTTGGGACC

AGTAGAGCAGCACGATGACCAG

149

4

NESTIN

TCAAGATGTCCCTCAGCCTGGA

AAGCTGAGGGAAGTCTTGGAGC

106

5

PAX6

CTGAGGAATCAGAGAAGACAGGC

ATGGAGCCAGATGTGAAGGAGG

131

6

CD133

CACTACCAAGGACAAGGCGTTC

CAACGCCTCTTTGGTCTCCTTG

151

7

EN-1

GTGGTCAAAACTGACTCGCAGC

CCGCTTGTCCTCCTTCTCGTTC

135

8

PITX3

AGGAGATCGCCGTGTGGACCA

CCGCGAAGCTGCCTTTGCATAG

126

9

FOXA2

GGAACACCACTACGCCTTCAAC

AGTGCATCACCTGTTCGTAGGC

134

10

OTX2

GGAAGCACTGTTTGCCAAGACC

CTGTTGTTGGCGGCACTTAGCT

133

11

GFAP

CTGGAGAGGAAGATTGAGTCGC

ACGTCAAGCTCCACATGGACCT

122

12

CNP

CGGTCAGAAGAAGGGCGACAAG

GGTGCTCTTGCAGAAGGCGAG

134

13

TUBB3

TCAGCGTCTACTACAACGAGGC

GCCTGAAGAGATGTCCAAAGGC

120

14

TRA1-81

CCTGAACCTCACAGGAAACACC

TGGAACAGATGCCAGCCGTATG

136

15
16
17

SSEA-1
PCNA
KI-67

GGGTTTGGATGAACTTCGAGTCG
CAAGTAATGTCGATAAAGAGGAG G
GAAAGAGTGGCAACCTGCCTTC

GGTAGCCATAAGGCACAAAGACG
GTGTCACCGTTGAAGAGAGTGG
GCACCAAGTTTTACTACATCTGCC

123
126
151

18

MUSASHI

GCTCAGCCAAAGGAGGTGATGT

GCGTAGGTTGTGGCTTGGAAAC

134

19
20
21
22

EAAT1
TENASCIN C
VIMENTIN
NEUROGE NIN-2

GGTTGCTGCAAGCACTCATCAC
ATGTCCTCCTGACAGCCGAGAA
AGGCAAAGCAGGAGTCCACTGA
CAAGCTCACCAAGATCGAGACC

CACGCCATTGTTCTCTTCCAGG
AGTCACGGTGAGGTTTTCCAGC
ATCTGGCGTTCCAGGGACTCAT
AGCAACACTGCCTCGGAGAAGA

95
101
100
138

23
24

NEUROD1
MAP2

GGTGCCTTGCTATTCTAAGACGC
AGGCTGTAGCAGTCCTGAAAGG

GCAAAGCGTCTGAACGAAGGAG
CTTCCTCCACTGTGACAGTCTG

139
153

25

NEUN

TACGCAGCCTACAGATACGCTC

TGGTTCCAATGCTGTAGGTCGC

133

26

NF-L

CCAAGACCTCCTCAACGTGAAG

ATGCTTCCCACGCTGGTGAAAC

108

27

NSE

CTGTATCGCCACATTGCTCAGC

AGCTTGTTGCCAGCATGAGAGC

101

28

FOXA2

GGAACACCACTACGCCTTCAAC

AGTGCATCACCTGTTCGTAGGC

134

29

Oct

ACTGGAGAAGGAGAAGCTGG

GTCGTTTGGCTGAACACCTT

180

30

Sox2

GCCGAGTGGAAACTTTTGTCG

GCAGCGTGTACTTATCCTTCTT

154

31

Nanog

GTCTTCTGCTGAGATGCCTCACA

CTTCTGCGTCACACCATTGCTAT

384

32

AFP

TTTGGGACCCGAACTTTCCA

CATCCTGCAGACAATCCAGC

154

33

Desmin

CTGTGAGCCTTGGCTGTTG

GTATCCCAACACCCTGCTCT

151

34

GAPDH

ATCACCATCTTCCAGGAGCGA

TTCTCCATGGTGGTGAAGACG

101

35

Rex1/ZFP42

AACGGGCAAAGACAAGACAC

AACTCACCCCTTATGACGCA

223

36

SSEA4

TCCGACTGGTTTGACAGCCACT

CTTCTCCAGCACCTCATTGGTG

147

37

cMyc

CCTGGTGCTCCATGAGGAGAC

CAGACTCTGACCTTTTGCCAGG

128

Table 2: Primer sequences.
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E

Figure 1: Morphology of umbilical cord derived stromal cells and sorted cells.
A. Stromal cells with heterogeneous morphology. Yellow arrow depicts small cells; blue arrow shows fibroblast-like
cells; and red arrow depicts small and round cells; B. Sorted cells in P1 seeded at 0.3 m in 35mm dish; C. Sorted
cells in P5, with most of the cells seen as elongated and appear fibroblast like in morphology; D. Cytogenetic
analysis of sorted cells at P3. Chromosomes maintained a normal karyotype without major alteration in morphology;
E. immunofluorescence images of stromal cells. Expression of SSEA4+ (green) is shown. Cells counterstained with
PI (red) to visualize morphology and DAPI (blue) to visualize nuclei. Yellow arrow mark depicts a cell with
negative SSEA4 expression.
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3.2 Pluripotent markers were expressed

3.3 Proliferation capacities determined

In order to validate the ability of the sorted cells that

The proliferation capacity of sorted cells was assessed

are induced through SSEA4 fractionation and

using two strategies. As shown in Figure 3A, Ki 67

configured to the lineage differentiating potential, we

expression was significantly increased in sorted cells

assessed the expression status of pluripotent markers.

compared to that in the stromal cells and flow

We analyzed RT PCR data on three cell types:

through. Further, PCNA expression was found to be

stromal cells, sorted cells and flow through cells.

increased in sorted cells hinting at their higher
proliferation

capacity

than

stromal

cells.

We

The expression of OCT4, NANOG, SOX2, SSEA4

confirmed the same by cell growth curve assay as

and REX was significantly enriched in sorted cells

shown in Figure 3B that reads sorted cells undergoing

compared with that in stromal cells or with the flow

strong proliferation in in vitro culture conditions

through. Though, AFP and Desmin were enriched,

created. The average doubling time, calculated in the

this finding was not significant in our analysis.

exponential phase, for sorted cells was 45.9 ± 1.8hrs
which is higher than stromal cells (54.9 ± 1.5hrs).

Figure 3: Sorted cells show greater proliferation potential than stromal population.
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A. Relative gene expression of proliferation markers – Ki67 and PCNA for proliferation at P3 stage of stromal cells,
sorted cells and flow through; B. Growth curves of stromal cells and sorted cells at P3 stage.
3.4 Sorted cells coaxed to neuronal lineage

was not enriched in SH5SY cells (Neuronal cell line

It has been noticed previously by our group as well as

derived from SKNSH cells) compared to the stromal

others in the field that it usually takes 5-7 days to

cells or to the CNC, while Musahshi and Tra1 were

differentiate iPSC into neuronal cells upon culturing

found to be enriched in the cell lines. Pro-neurogenic

in presence of various growth factors. We conditioned

factors like Otx2 and FoxA2 but not EN, that are

sorted cells that are more pluripotent than the stromal

critical for visceral endoderm development in turn

cells upon exposing to the neuronal induction medium

neural plate during embryonic stages were enriched

(NS media) for 48hrs that yielded neuron-like

significantly in CNC compared to either stromal cells

morphologies with identities noticed as shown in

or to SH5SY cells [19, 20]. Also, CNPase, an

Figure 4B. Initially cells remained adhered to the

oligodendrocyte marker was enhanced in CNCs [21].

surface

shaped

Further, among all the tubulins, Tubulin Beta 3 Class

morphology for the first 12hrs. Upon 24hrs of the

III usually expressed primarily in neurons and

neuronal induction medium conditioning, the cells

responsible for cell migration was shown to be

started to show different morphologies as well as

fortified in CNC [22, 23].

and

maintained

their

spindle

some losing the potential to adhere and form
aggregates on the surface. On day 2, the cells showed

Among all the Radial glial cell markers, Vimentin and

various morphologies along with spindle shape as

EAAT were significantly measured to be more in

depicted in Figure 4. Few cells with dendrites had

CNC compared to stromal cells or with cell line while

process resembling an axon, oligodendrocytes, radial

Tenascin was unaffected [24]. NeuroD1, which is a

glial cells as well as intermediate progenitors. Further,

known marker for immature neurons, was found to be

finer characterization involving gene expression

enriched significantly in CNC compared to SH5SY

studies was performed using quantitative real time

cell line or with stromal cells [25]. Pax6 and CD133

PCR technique (Figure 5 and Table 1) [17]. GAPDH

were documented to be substantially expressed in

was used as a reference housekeeping gene and the

CNC compared to the stromal cells or with SH5SY

expression of other genes was measured as relative

cell line which are markers for Dopaminergic

expression as shown in the graphs (Figure 5). Tra1,

neurons. Nestin expression was shown to be enhanced

Musashi and SSEA1, which are markers for neural

both in CNC and SH5SY cell line compared to

stem cells as well as pluripotent stem cells, were

stromal cells alone. Further, NEUN, Nurr1, TH,

shown to be enriched in CNC compared to the stromal

Tenascin, MAP2, GFAP markers for mature neurons

cells [18]. Additionally, SSEA1, a germline marker

were not detected to be enriched in CNC.
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Figure 4: Differentiation potential of Sorted cells.
A. Morphology of sorted cells; B. Schematic diagram for the treatment used for inducing the differentiation towards
neuronal lineage from sorted cells; C. Morphology of CNCs. Arrows depict altered cell morphologies that are close
to the neuronal lineage features.
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Figure 5: Characterization of CNCs by qRT PCR analysis.
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Relative expression of gene markers corresponding to various cell types in neuronal lineage. 1: stromal cells 2:
Sorted cells 3: CNC and 4: SH5SY cell line. All the experiments were performed in triplicates and error bars
represent s.e.m.
SNo

Marker

Neuronal lineage

Compared

Compared

Compared name

with

with

with

Sorted

SH5SY cells

Stromal

cells

1

Pax6

Neural stem cell

↑ (0.0009)

↑ ns

↑ (0.0009)

2

CD133

Neural stem cell

↑ (0.015)

↑ ns

↑ (0.006)

3

SSEA1

Neural stem cell

↑ (0.001)

↑ (0.001)

↑ (0.00009)

4

Musashi1

Neural stem cell

↑ (0.008)

↑ (0.002)

5

Tra1-81

Pluripotent markers

6

Nestin

Neuroepithelial

7

TH

DA neurons

8

Nurr1

DA neurons

9

DAT

DA neurons

↑ ns

↑ ns

↑ (0.047)

10

EN

DA neurons

↑ ns

-

↓ (0.004)

11

FoxA2

DA neurons

12

Otx2

DA neurons

13

EAAT

Radial Glial

14

Tenascin

Radial Glial

15

Vimentin

Radial Glial

16

GFAP

Radial Glial

17

CNPase

Oligodendrocyte

↑ (0.022)

↑ ns

↓ ns

18

TUBB

Immature neurons

↑ (0.015)

↑ (0.021)

↑ (0.023)

19

NeuroD1

Immature neurons

↑ (0.0006)

↑ ns

20

MAP2

Mature neurons

-

-

-

21

NEUN

Mature neurons

-

-

↓ (0.001) 22

NFL

Mature neurons

↑ (0.0003)

↑ (0.0006)

↓ (0.02)

NSE

Mature neurons

-

-

-

23

↓ (0.003)

↑ (0.004)
↑ (0.01)

↓ (0.0005)

↑ ns

↓ (0.006)

↑ (0.01)
-

-

↓ (0.000508)

↑ (0.023)
↑ (0.072)
↑ (0.008)
-

↓ (0.006)

↓ ns

↑ (0.013)

↑ ns
↑ (0.04)
↑ ns

↑ (0.008)

-

↑ (0.003)
-

↑ (0.06)
-

↑ ns

↑ (0.002)

-

↓ (0.02)

↑ (0.00004)

Note: Upward arrow depicts increased and downward arrow depicts decreased expression in CNC compared to the representative cells. p values
were calculated by student t test and the value has been mentioned in the parenthesis, ns stands for not significant, arrow signifies increased or
decreased values.

Table 1: Summary table comparing the gene expression status of CNCs with other cells.
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4. Discussion

genetic background, as these attributes are functions

Use of cell lines in testing the safety or efficacy of

of source and passages. The quality of their

drugs and vaccines is reported to offer numerous

preparation is important if they are to be reliably and

benefits over animal models. These immortalized

reproducibly used for a multitude of in vitro

commercially available cell lines derived from

applications and use cases. For this reason, the

miscellaneous sources have been used to study

process and methods to generate homogeneous

mechanisms involved in discovery and development

configurations and some threshold quality standards

of neurological diseases, pathology [26]. Human

as signatures for the cell preparations are the key

neuronal framework is a complex connection of cell-

elements in developing in vitro micro physiological

to-cell interactions along with the external stimuli.

systems.

There

have

been

commendable

advances

in

mono

In this study, we employed the MACS process to

immortalized cultures with genetic and transcriptional

isolate positive SSEA4 cells from the stromal cell

divergence, but the research translatability was

population (with 5-20% of SSEA4 positivity), isolated

achieved when in vitro models had heterogeneous cell

from the biological discard: human umbilical cord

types [27]. A comprehensive analysis of embryonic

tissue. In other words, we configured it by enriching

stem cell line and bone marrow-derived MSCs did

the cellular population with the SSEA4 cells (30-

demonstrate great similarities in their cellular genetic

72%) and further culture expanding them. Cells

and proteomic profiles [28]. Our study was inspired in

bearing this marker are known to have the capacity

part by a recently conducted analysis of cultured in

for triploblastic differentiation into three germ layers

vitro cell based system while the aim of our study was

and self- renewal [29]. The identification of SSEA4

to characterize biological discard derived primary

positive cells from human tissue has precedence;

progenitor stromal cells, sorted cells and CNC, to

SSEA4-positive cells have been previously identified

leverage their signature features in developing

from several human tissues like human fetal

application ready in vitro human surrogate micro

forebrain, forebrain-derived neurosphere cells, and

physiological systems [29].

human adult ovaries [31]. MSCs derived from

developing

neuronal

models

built

on

umbilical cords appear to have greater neurogenic
Stromal cells are multipotent stem cells that can be

potential than those from other sources. Limbal

isolated and cryopreserved at scale from various adult

SSEA4 positive cells that resemble fibroblasts have

or fetal tissues like fat bodies, dental pulp, placenta,

been shown to be pluripotent, and to have the ability

muscle, and umbilical cord blood and tissue [21, 30].

to differentiate in-vitro [32]. Multipotent MSCs from

Cultured

with

umbilical cord matrix and lining have been isolated

variably

and characterized, and the latter was shown to

heterogeneous in this respect as well as in their

differentiate into all three germ layers [33, 34]. The

plasticity. Cultured primary cells harvested from

SSEA4 protein marker is targeted to the cell surface,

biological tissues will have variable phenotypes and

and is present at very low levels in the cytoplasm in

successive

cells

accrue

passages

genetic
and

variations

are
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DU145 cells [35], and staining analyses of the sorted

NEUN, NF (Table 1) [41]. In vitro differentiation of

cells in our system reveal the same. Not all studies on

configured SSEA4 cells (precursors) isolated from

SSEA4 cells are in accord though. SSEA4’s value as

stromal cells by our method of conditioning is

a marker for proliferation and multipotency has been

therefore of value for large scale studies as the human

contested in the past [36], but here we demonstrated

microphysiological systems can be created in vitro in

the role of SSEA4 influencing pluripotency in the

reasonable time period. The systematic sorting of

context of neuronal lineage as part of the in vitro

large scale SSE4A cells in the labs owing to the

culture systems handled.

biological discards availability and handling them to
obtain barcoded neuronal phenotype with genotype

It has been previously reported, that iPSCs typically

can be considered as a next generation strategy in

differentiate into neuronal cells in 5-7 days upon

generating application specific cellular signatures for

treatment with various growth factors [37]. We

their use as models for testing like assays retaining

treated sorted cell configured system in a conditioning

scalability

medium and induced neuron-like morphologies

Importantly, these are attractive alternative human

(Figure 4b). The transition and progression from

surrogate in vitro systems to animal models for the

sorted cells to neuron-like phenotype was prominent

routine

by the second day with spindle shape changing to a

pharmaceutical candidates. Such cellular platforms

variety of morphologies resembling: dendrite- and

can be engineered further with ease of obtaining large

axon-like

batches

cellular

structures,

cells

resembling

oligodendrocytes, radial glial cells [38].

and

testing

applied

flexibility

of

to

like

cosmetics,

read

advantages.

vaccine,

neurotoxicity

and

and

neurovirulence like non-clinical end points with speed
and throughput. Our data profiling stromal cells,

The progression and response in gross morphology

sorted cells and CNCs do suggest various possibilities

was reflected in genetic analysis/ cellular gene

and way forward applications of these in vitro

expression (Table 1). Stromal cells in general, and

especially human micro physiological systems in

sorted stromal cells in particular, also express the

developing non-animal, cruelty free workstation

Sox2 and the Pax6 protein marker, the latter is the

solutions integrated with data analytics in discovery,

characteristic of neuronal cells and one that enables

development and manufacturing stages.

differentiation

into the neuronal

lineage [39].

Previously, it has been observed that UC derived

TRANS-MSC is the trade name given to configured

Mesenchymal Stem Cells have better neurogenic

sorted cells by Transcell Oncologics that has a

potential than other sources [40] .The Neuronal like

Science

cells derived in this study, CNCs, show characteristic

www.transtoxbio.com with all new league of human

enrichment of Pax6, CD133, SSEA1, FOXA2, EAAT,

surrogate in vitro micro physiological platforms used

Vimentin, TUBB and NeuroD1 while showed

as tools in preclinical research and testings.

Exchange

registered

vertical

downregulated expression compared to SH5SY cell
line for Musashi, Tra1-81, Nestin, Nurr1, EN, GFAP,
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