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The use of high throughput screening (HTS) in drug
development is principally for the selection new drug
candidates or screening of chemical toxicants. This system
minimizes the experimental environment and allows for the
screening of candidates at the same time. Umbilical cord-
derived stem cells have some of the characteristics of fetal
stem cell and have several advantages such as the ease with
which they can be obtained and lack of ethical issues. To
establish a HTS system, optimized conditions that mimic
typical cell culture conditions in a minimal space such as 96
well plates are needed for stem cell growth. We have thus
established a novel HT'S system using human umbilical cord
derived-mesenchymal stem cells (hUC-MSCs). To determine
the optimal cell number, hUC-MSCs were serially diluted
and seeded at 750, 500, 200 and 100 cells per well on 96 well
plates. The maintenance efficiencies of these dilutions were
compared for 3, 7, 9, and 14 days. The fetal bovine serum
(FBS) concentration (20,10, 5 and 1%) and the cell numbers
(750, 500 and 200 cells/well) were compared for 3, S and 7
days. In addition, we evaluated the optimal conditions for
cell cycle block. These four independent optimization
experiments were conducted using an MTT assay. In the
results, the optimal conditions for a HTS system using hUC-
MSCs were determined to be 300 cell/well cultured for 8
days with 1 or 5% FBS. In addition, we demonstrated that
the optimal conditions for a cell cycle block in this culture
system are 48 hours in the absence of FBS. In addition, we
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selected four types of novel small molecule candidates using
our HTS system which demonstrates the feasibility if using
hUC-MSCs for this type of screen. Moreover, the four
candidate compounds can be tested for stem cell research
application.
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Introduction

Mesenchymal stem cells (MSCs) are generally defined as
multi-potent cells with self-renewal ability; they are undif-
ferentiated [1] and exist in the many mesenchymal tissues,
including fat [2], umbilical cord blood [3], amniotic fluid
[4], placenta [5], dental pulp [6], the salivary glands [7], the
synovial membrane [8], the vocal fold [9], and the umbilical
cord [10]. Despite the great interest in MSCs, there is no
standard methodology for cell preparation at present [11].
MSC:s are characterized by their ability to adhere to plastic
cell culture dishes [12] and their specific surface markers as
well as their multi-lineage differentiation capacity under
adequate conditions [11]. Because of this ability, MSCs are
considered an attractive material for tissue engineering and
cell-based therapies [13,14].

Human umbilical cord-derived mesenchymal stem cells
(hUC-MSCs) are isolated from discarded human umbilical
cords after birth. The human umbilical cord is composed of
2 arteries and 1 vein surrounded by Wharton’s jelly [15].
hUC-MSC:s are purified from Wharton’s jelly and umbilical
cord vein by chopping up the whole cord and digesting it in
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enzyme or catheterizing and filling it with enzyme [16,17].
These cells are characterized by the expressions of cell
surface markers, including CD14, CD29, CD44, CD73,
CD90, and CD105, and the absence of the expressions of
CD14, CD34, and CD45. In addition, they have fibroblastoid
morphology [16,17]. Currently, bone marrow is the most
common source of MSCs for clinical studies [18]. However,
the number of human bone marrow MSCs (hBM-MSCs)
decreases significantly with donor age [19]. Therefore,
hUC-MSCs isolated from newborn tissue are considered an
alternative source of MSCs to hBM-MSCs.

High-throughput screening (HTS) is an in vitro assay for
screening the efficiency and toxicity of new drug candidates.
HTS is widely used in pharmacology and related fields to
discover novel molecule candidates because it enables rapid
and quantitative research [20]. It is specifically used to
discover drugs for treating rare diseases [21,22].

HTS is generally based on testing certain target molecules
using easily cultured cell lines [23]. However, the use of
hUC-MSCs, which have multi-potent ability, seems to be
applicable for various tissues. Moreover, a recent study used
hBM-MSCs in chondrogenic research in 96-well plates
[20,24,25] and osteogenesis studies [23] using HTS.

However, there is no hUC-MSC-based HTS standard at
present. Therefore, we established a standardized optimal
HTS system using hUC-MSCs in 96-well plates. We deter-
mined the optimal conditions for hUC-MSCs, including cell
number, culture duration, FBS conditions, and duration of
FBS starvation. Moreover, we selected four candidate small
molecules using an established HTS system.

Materials and Methods

Isolation and purification of human umbilical cord-
derived mesenchymal stem cells

Human umbilical cord was obtained and processed within
24 h after delivery. All experiment was approved by institu-
tional review board (IRB No. S-D20090001) from School
of Dentistry, Seoul National University. Human umbilical
cord was carried in HBSS (Welgene, Daegu, South Korea)
containing 3x antibiotic antimycotic (Gibco, Grand Island,
NY, USA) and washed DPBS (Welgene, Daegu, South
Korea) several times. Cord was sectioned along with a vein
2~3 cm long. Then put down with a sectioned-side in a
culture dish which contained with 0.1% collagenase type I
(Gibco, Grand Island, NY, USA) and cultured for 30 min at
37°C, 5% CO, After incubation, the umbilical cord vein was
scrapped with a scrapper to isolate endotherial stem cells.
That umbilical cord vein put down again with sectioned-
side in a culture dish that contained with 0.1% collagenase
type I (Gibco, Grand Island, NY, USA) and 0.24% dispase
(Gibco, Grand Island, NY, USA) and cultured for 2 h at
37°C, 5% CO, After 2h, the umbilical cord vein was

scrapped with a scrapper. Enzyme solution was gathered
and centrifuged for 4 min at 400 g. Then cell pellet was
suspended in cell culture medium which DMEM (Welgene,
Daegu, South Korea) containing 20% FBS, 1% antibiotic
antimycotic (Gibco, Grand Island, NY, USA) and plated in
35 cm’ cell culture dish (Nunc, Naperville, IL, USA). Cell
culture was maintained at 37°C, 5% CO, After 3 days, cell
culture medium was replaced and cell culture medium was
changed every 2 days.

Fluorescence-activated cell sorting (FACS) analysis

MSCs markers such as CD10, CD29, CD44, CD73,
CD90, CD105 and hematopoietic markers such as CD14,
CD34, CD45, CD117 were attached and analyzed. Each
antibodies were conjugated follow as: FITC-conjugated
mouse anti-human CD14, CD34, CD45, CD90 and PE-con-
jugated mouse anti-human CD73, CDI117 and PE.Cy5-
conjugated mouse anti-human CD10 and PE.Cy7-conjugated
mouse anti-human CD44 and APC-conjugated mouse anti-
human CD29, CD105 (All from eBioscience, San Diego,
CA, USA). hUC-MSCs passage 5 was used. hUC-MSCs
2.5 x 10° cells/mL were washed in FACS buffer (PBS, 2%
FBS, 0.02% Sodium azide) and incubated with primary
antibodies for 30 min in ice. After incubation, cells were
washed and fixed with 4% paraformaldehyde at 4°C and
analyzed through FACS calibur (Becton Dickinson, San
Joes, CA, USA).

Experimental design

(1) Determine the optimal cell seeding numbers (750, 500,
200 and 100 cells) and (2) cell culture period (3, 5 and 7
days) and FBS concentrations (1, 5, 10, and 20%). To
synthesize the same cell cycle, FBS-starvation experiment
was performed. First, (3) 24 h experiment were performed
to find the proper FBS-starvation concentration (0 and 1%),
then 48 h FBS-starvation experiment were performed for
finding optimal period. Cells were seeded in 96 well plates
and incubated in 200 pL of 20% FBS containing cell culture
media and all experiments were performed using MTT
assay kit.

Optimization of the cell seeding numbers for HTS
using hUC-MSCs

To determine the optimal cell seeding numbers, hUC-
MSCs were serially diluted in 96 well plates that cell seeding
number 750, 500, 200 and 100 cells. The four different cell
number conditions compared for 3, 7, 9 and 14 days.

Optimization of cell culture period and FBS condition
for HTS using hUC-MSCs

In order to determine the optimal FBS concentration,
experimental conditions was fixed that cell seeding number
200, 500 and 750 cells and culture period 3, 5 and 7 days as
well as FBS concentrations 1, 5, 10 and 20%.
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Optimization of FBS-starvation condition for cell syn-
chronization

To determine the optimal conditions of FBS-starvation,
cell viability assay for FBS condition and period condition
was performed. First, FBS condition was determined among
FBS 0 or 1% with different cell numbers (200, 300 and 500
cells), culture period (4 and 6 days) at 24 h FBS-starvation.
Cells were seeded in 96 well plates with 20% FBS
containing cell culture media and incubated for 1 day. After
incubation, FBS-starvation was performed with 0 or 1%
FBS containing cell culture media for 24 h. Second, we
performed 48 h FBS-starvation with different condition that
cell number (300 and 500 cells), culture period (5 and 7
days) and FBS condition (0.1, 0.3, 0.5, 1, 3 and 5%).

Screening of small molecule library of hUC-MSCs using
established HTS system

After establishment of the optimal HTS system for hUC-
MSCs in 96 well plates, we conducted to screen the small
molecule library using established HTS system. hUC-MSCs
were seeded in 96 well plates with 20% FBS containing cell
culture media and attached for 24 h. After 24 h, FBS-
starvation for 48 h with 0% FBS was performed, then 10 nM
small molecule candidates were treated to each well with 1 or
5% FBS media. Cells were incubated for 5 days and media
change was performed 2 times. Through previous screening
experiments, we selected the four small molecules which
have cell viability and cell proliferation capacity by MTT
and BrdU assay. To investigate cell viability, MTT assay
was performed for the short-term (3 days and without FBS-
starvation) and long-term (6 days and 48h FBS-starvation),
also, cell proliferation assay that BrdU was performed for
short-term (3 days and without FBS-starvation).

Cell viability assay (MTT assay)

MTT assay was measured according to manufacturer’s
instructions (EZ CyToX; Daeil lab service, Seoul, South
Korea). MTT reagent was treated directly to the samples and

incubated for 2 h at 37°C, 5% CO,. The absorbance was
measured at 480 nm for ELISA (S500, BIO-RAD, Camarillo,
CA, USA).

Cell proliferation assay (BrdU assay)

BrdU assay was assessed by manufacturer’s instructions
(BrdU Cell Proliferation Assay, Millipore, Billerica, MA,
USA). Briefly, the medium was removed and BrdU reagent
was added and incubated at 37°C for 24 h. After incubation,
fixing solution was added at the plates and incubated at
room temperature for 30 min and washing with washing
buffer. Then detection antibody was added and incubated at
room temperature for 1 h and washed. Goat anti-mouse IgG
was added and incubated at 37°C for 30 min. After washing,
substrate was added and incubated at room temperature for
30 min (in the dark). After 30 min, stop solution was added
and the absorbance measured at 450 nm by ELISA (S500,
BIO-RAD, Camarillo, CA, USA).

Results

In the FACS analysis (Supplementary Fig. 1), hUC-MSC
were positive for MSC markers, including CD10 (71.01%),
CD29 (99.97%), CD44 (67.78%), CD73 (84.92%), CD90
(98.85%), and CD105 (99.89%), and negative for hema-
topoietic markers, including CD14 (1.76%), CD34 (1.65%),
CD45 (1.74%), and CD117 (1.84%).

We determined the optimal cell seeding numbers to obtain
the characteristics of hUC-MSCs in 96-well plates (Fig. 1).
The four different cell number conditions exhibited similar
OD levels at 3 days; however, at 7 days, the growth rates of
500 and 750 cells increased remarkably compared with that
at 3 days (zero growth and 3.84-, 6.05-, and 4.23-fold
increases with 100, 200, 500, and 750 cells, respectively).
At 9 days, the growth rates of 100, 200, 500, and 750 cells
increased by 2.35-, 4.29-, 2.49-, and 2.69-fold compared to
those at 7 days, respectively. However, at 14 days, the 200-,
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Supplementary Fig. 1. FACS analysis of surface-marker expression on hUC-MSCs. CD 10, 14, 29, 34, 44, 45,73, 90, 105 and 117 markers
were used and cell type was UC-MSCs passage 5. Each antibody was stained at 4°C for 30min and then detected.
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Fig. 1. Optimization of the cell seeding numbers for HTS using
hUC-MSC:s. In order to decide the optimal cell seeding number,
hUC-MSCs were serially diluted at 750, 500, 200 and 100 cells/
well on 96-well plates and were cultured for 3, 7, 9, and 14 days
(0:3d, N:7d, m:9d, m: 14d). FBS concentration was 20%.
Cell viability was measured by MTT assay. (A) 750 cells/well were
reached over-confluent at day 9, (B) 500 cells/well were reached
over-confluent at day 9, (C) 200 cells/well were reached over-con-
fluent at day 14, (D) 100 cells/well were reached over-confluent at
day 14. Error bars represent standard deviation of the mean (n = 3).

500-, and 750-cell groups reached over-confluence. There-
fore, we determined the optimal cell seeding number to be
between 200 and 500 cells, and the optimal cell culture
period to be between 7 and 9 days.

Next, we determined the optimal FBS concentration under
the modified conditions (Fig. 2). At 3 days, 200 cells
exhibited viability on 20% FBS but not on 1%, 5%, or 10%
FBS (OD value: 44). At 5 days, 200 cells exhibited viability
on 10% and 20% FBS (OD: 23 and 59.3, respectively) but
not on 1% or 5% FBS. At 7 days, all FBS conditions
exhibited cell viability as follows: 1%, 5%, 10%, and 20%
FBS exhibited OD values of 394.3, 666.3, 657.3, and 634.6,
respectively. In cells cultured in 10% FBS, the growth rate at
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Fig. 3. Optimization of FBS starvation conditions for cell syn-
chronization. To find the optimal FBS concentration for cell cycle
synchronization, FBS starvation was performed for 24 h. Cells
were seeded in 96 well plates with 20% FBS containing media
and attached for 1 day. ((J: 200 N: 500 cells, @: 750 cells). After
1 day, the cell media was changed with FBS 0% or 1% containing
media; then, the cells were incubated for 24 h. Next, cell media
was changed with 0% and 20% or 1% and 20% (FBS concentra-
tion; (a): starvation 0% — changed 0%, (b): starvation 0% —
changed 20%, (c): starvation 1% — changed 1%, (d): starvation
1% — changed 20%). (A) The cells were cultured for 4 days after
FBS starvation, (B) the cells were cultured for 6 days after FBS
starvation; group (a) not shown cell viability.

7 days was 28-fold higher than that at 5 days (OD: 23 vs.
657.3); however, cells cultured in 5%, 10%, and 20% FBS
showed similar cell viability. At 3 days, 500 cells grown in
1%, 5%, 10%, and 20% FBS had OD values of 85, 89.8,
128.3, and 132, respectively. At 5 days, cells exhibited
increased cell viability compared with that at 3 days: cells
grown in 1%, 5%, 10%, and 20% FBS had OD values 4.72-,
7.16-, 5.28-, and 5.27-fold greater than those at 3 days,
respectively; those at 7 days were 2.94-, 3-, 3.06-, and 3-fold
greater, respectively. At 3 days, 750 cells grown in 1%, 5%,
10%, and 20% FBS had OD values of 148.6, 219.3, 230.3,
and 261.3, respectively. Compared with the growth rate in
1% FBS, the cells grew 1.47-, 1.54-, and 1.75-fold faster in
5%, 10%, and 20% FBS, respectively. Compared with cell
viability at 3 days, cell viability at 5 days in 1%, 5%, 10%,
and 20% FBS increased by 4.45-, 3.01-, 5.16-, and 4.62-
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Fig. 2. Optimization of cell culture period and FBS conditions for HTS using hUC-MSCs. To determine the optimal culture period and FBS
conditions, hUC-MSCs were serially diluted at 750, 500, and 200 cells/well on 96-well plates and were cultured for 3, 5, and 7 days. FBS con-
centration were 20%, 10%, 5%, and 1% (O0: 1%, N: 5%, @: 10%, W: 20%). Cell viability was measured by MTT assay. (A) Culture period
for 3 days, (B) culture period for 5 days, (C) culture period for 7 days; 500 cells/well and 750 cells/well were reached over-confluent at FBS
10% and 5%, respectively. Error bars represent standard deviation of the mean (n = 3).
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Fig. 4. Optimization of FBS starvation conditions for cell synchro-
nization. To determine the optimum duration for cell cycle syn-
chronization, FBS starvation was performed for 48 h. (A) 300
cells/well (O: 300 cells) were cultured for 5 days after FBS starva-
tion; FBS concentrations were 0.1, 0.3, 0.5, 1 and 3%. (B) 300
cells/well and 500 cells/well (O: 300 cells, N: 500 cells) were cul-
tured for 6 days after FBS starvation; FBS concentration 0.1, 0.3,
0.5, 1, 3 and 5%.
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Fig. 5. Cell viability assay of ten small molecules for 3 days. (A)
Five of the small molecules showed similar or greater viability
ability compared with 1% control; cell culture conditions were as
follows: cell number 300 cells/well and 1% FBS containing media.
FBS starvation was not performed. (B) Eight of the small mole-
cules showed similar or greater viability ability compared with 1%
control; cell culture conditions were as follows: cell number 300
cells/well and 5% FBS containing media. FBS starvation was not
performed. All experiments identified through MTT assay and
small molecule concentration was 10 nM.

fold, respectively; compared with growth at 5 days, growth
at 7 days increased by 2.66-, 2.11-, 1.98-, and 2-fold,
respectively.

In order to synchronize the states of the cells, we performed
FBS starvation experiments to synchronize the cell cycle. An
MTT assay was carried out after 24-h FBS starvation to
determine the optimal FBS starvation concentration (Fig. 3).
The following conditions were used: (a) 0% FBS starvation
— 0% FBS, (b) 0% FBS starvation — 20% FBS, (c) 1%
FBS starvation - 1% FBS, and (d) 1% FBS starvation
— 20% FBS. Group (a) exhibited cell viability at 4 days but
not at 6 days. However, in group (b), the cell viability of 200,
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Fig. 6. Cell viability assay of ten of small molecules for 6 days.
hUC-MSCs were cultured with 1% (A) or 5% (B) FBS containing
media for 6 days. FBS starvation was performed for 48 h. After
FBS starvation, media was changed to 1% or 5% FBS containing
media. (A) Five of the small molecules showed similar or greater
viability ability compared with 1% control, (B) Four of the small
molecules showed similar or greater viability ability compared with
1% control. All experiments identified through MTT assay and
small molecule concentration was 10 nM. ([3J: 300 cells).
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Fig. 7. Cell proliferation assay of ten small molecules for 3days.
hUC-MSCs were cultured with 1% (A) or 5% (B) FBS containing
media for 3 days. FBS starvation was not performed. After FBS
starvation, media was changed to 1% or 5% FBS containing media.
(A) Four of the small molecules showed similar or greater prolifer-
ation ability compared with 1% control, (B) Five of the small mol-
ecules showed similar or greater proliferation ability compared
with 1% control. All experiments identified through BrdU assay
and small molecule concentration was 10 nM. (OJ: 300 cells).

500, and 750 cells increased by 1.67-, 1.24-, and 2.6-fold
from 4 to 6 days, respectively. At 4 days in group (c), 200,
500, and 750 cells had 187, 276, and 570 viable cells,
respectively; cell viability decreased to 14, 92, and 334 cells
at 6 days, respectively. Lastly, the cell viability of 200, 500,
and 750 cells in group (d) increased by 2.42-, 2.42-, and
2.18-fold from 4 to 6 days, respectively. After 24-h FBS
starvation, 48-h FBS starvation was performed with the
previously modified conditions of 24-h FBS starvation (Fig.
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7). At 5 days, cell viability according to OD increased in a
dose-dependent manner (60.8%, 67.4%, 92.3%, 99.8%, and
119%); a similar trend was observed at 7 days (300 cells:
32.3%, 63%, 58.6%, 69.3%, 164.6%, and 598%; 500 cells:
34.6%, 74%, 56.6%, 95.6%, 185.6%, and 551.6). Moreover,
seeding 300 and 500 cells produced similar viability.

We screened 619 small molecules using a previously es-
tablished HTS system (data not shown). Ten small molecules
were selected on the basis of the results of the cell viability
experiments. To determine which small molecules have the
greatest positive effect on viability ability among the 10, cell
viability assays were performed for 3 days without FBS
starvation (Fig. 4). Five of the small molecules increased
cell viability compared to the 1% control as follows: nos. 3,
7, 8,9, and 10 by 1.05-, 1.17-, 1.25-, 1.89-, and 1.34-fold,
respectively (Fig. 4A). The 5% FBS results indicated that 8
small molecules showed similar or greater viability ability
compared with the 1% control (Fig. 4B). In addition, this
experiment was performed for 6 days with 48-h FBS
starvation (Fig. 5). The 1% FBS results indicate that four
small molecules, namely, nos. 2, 3, 7, and 8, increased cell
viability by 1.15-,1.17-, 1.06-, and 1.19-fold compared with
the 1% control, respectively (Fig. 5A). The 5% FBS results
showed that nos. 2, 3, 6, and 7 increased cell viability by
1.44-, 1.52-, 1.68-, and 1.46-fold compared with the 1%
control, respectively (Fig. 5B). The assay was performed to
determine which small molecules have the highest prolif-
eration ability among the ten small molecules for 3 days
with no FBS starvation (Fig. 6). The 1% FBS results showed
that nos. 1, 2, 3, and 7 increased proliferation compared with
the 1% control by 18-, 10-, 10-, and 5.62-fold, respectively
(Fig. 6A). In addition, the 5% FBS results indicated that nos.
1,2, 3, 6, and 7 increased cell proliferation by 13-, 10-, 11-,
7.85-, and 18-fold compared with the 1% control,
respectively (Fig. 6B).

Discussion

The results of our study demonstrate the feasibility of
performing HTS assays with hUC-MSCs. This system may
be useful for drug discovery and toxicity tests. In order to
perform HTS assays, it is important that to adapt the culture
conditions for limited spaces such as 96-well plates (0.32
cm’. However, until now, there was no optimal HTS system
for hUC-MSCs. Therefore, we designed an optimal HTS
system using 96-well plates. Sabrina ef al. used human
embryonic stem cells for HTS assays with the following
conditions: 6,000 cells/well in 384-well plates (0.06 cm’)
and 6 days culture duration [26]; hBM-MSCs were used for
HTS and seeded at 12,000 cells/cm” in 384-well plates and
cultured for 8 days [27]. Ding et al. performed HTS assays
for mouse P19 cells; P19 cells were seeded at 2,000 cells/
well in 384-well plates and cultured for 4 days [28]. Alves et
al. conducted HTS assays with hBM-MSCs seeded at

2,000 cells/well in 96-well plates and cultured for 4 days
[23]. However, their cell numbers are equivocal: they used
2,000 cells/well in their method and reported 2,000 cells/
cm” in their data. In our laboratory, hUC-MSCs were seeded
at 100,000 cells per 60 mm’ (21.5 cm®) and subcultured
after 3 or 4 days. Therefore, in 96-well plates, the hUC-
MSCs were seeded at 1490.3 cells/well. However, at this
density, the cells soon reached over-confluence. Therefore,
in the present study, hUC-MSCs were serially diluted and
seeded at 750, 500, 200, or 100 cells/well on 96-well plates
to determine optimal cell numbers (Fig. 1). To assay cell
viability, we used tetrazolium dyes such as MTT [29]. The
results of the first experiment indicate that the optimal
conditions for HTS are between 200 and 500 cells and 7 and
9 days since the cells did not reach over-confluence (less
than 2,000/0OD).

Next, we carried out a second experiment to determine the
optimal FBS conditions (Fig. 2). The results of the second
experiment indicate that the groups of 500 and 750 cells
reach over-confluence with 5%, 10%, and 20% FBS at 7
days. Then, we confirmed the optimal HTS conditions to be
1% to 5% FBS and 7 days for culture duration. The results
indicated that 200 cells exhibited a slower growth rate from 3
to 5 days compared to 500 and 750 cells. However, from 5 to
7 days, 200 cells grew faster than 500 and 750 cells.

When FBS-containing media were added to FBS-starved
cells, the cell cycle was synchronized and subsequently
promoted [30]. FBS starvation was not performed in the
abovementioned HTS experiment. However, we carried out
FBS starvation to prevent FBS from interfering with the
action of small molecules. First, the experiment was per-
formed to examine 0% or 1% FBS conditions (Fig. 3). As
seen in Fig. 3A, the results show a dose-dependent increase.
However, at 6 days, 0% FBS starvation showed no cell
viability, while 1% FBS starvation did show cell viability.
As shown in Fig. 3A and B, 0% and 1% FBS starvation
followed by addition of 20% FBS-containing media showed
dose-dependent or similar results. These results indicate that
0% FBS is the optimal condition for cell-cycle starvation
since 1% FBS still resulted in cell viability despite FBS
starvation. Therefore, we performed 48-h FBS starvation
and culturing for 5 and 7 days. With 48 h of FBS starvation
at 5 days, all FBS groups showed dose-dependent results.
Furthermore, at 7 days, the OD values of all FBS concen-
trations of 300 and 500 cells showed similar results. Thus,
we determined that the 48-h FBS starvation period is better
than 24 h; moreover, for cell seeding number, 300 cells were
better than 500 cells (Fig. 4).

Based on established HTS systems, we determined that
the optimal conditions for the HTS system for hUC-MSCs
are 300 cells, 1% FBS, 8 days culture duration, and 0% FBS
starvation for 48 h.

To induce chondrogenesis in MSCs, growth factors such
as TGFP or BMPs are essential materials. However, the
molecular mechanisms of these growth factors involved in
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the phenotypic conversion are only partially known [20].
Therefore, determining which small molecules enhance the
proliferative ability of cells is important for inducing
chondrogenesis. Due to the development of HTS techniques,
millions of small molecules can be screened simultaneously.
Therefore, in the present study, we established an optimal
system for avoiding over-confluence of hUC-MSCs in
limited 96-well environments. Under this optimal system,
we determined four small molecules that enhance the
proliferative ability of hUC-MSC using cell viability and
proliferative assays.

The results of the present study demonstrate the successful
creation of an HTS assay using hUC-MSCs in an academic
laboratory without automatic settings. Moreover, this
system will be useful for developing models for drug
discovery, in studies of cell biology, and toxicity tests using
hUC-MSCs. Further studies should reveal the action
mechanisms of these four small molecules. In addition, the
four novel small molecules are expected to be studied for
their chondrogenic effects on hUC-MSCs.
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