Biomedical & Pharmacology Journal, March 2019.

Life Span of the Chondrocytes from Human Umbilical Cord

Derived-Mesenchymal Stem Cell Differentiation

Ketut Dewi Kumara Wati'?, Endah Dhyanti Pratiwi®,
Yanni Dirgantara®, Cynthia Retna Sartika?, Meita Dhamayanti'®,
Budi Setiabudiawan'* and Ida Parwati'?®

'Faculty of Medicine Universitas Padjadjaran, Bandung, Indonesia.
?Department of Child Health, Faculty of Medicine, Udayana University/
Sanglah Hospital Denpasar, Bali, Indonesia.

Prostem laboratory , Jakarta, Indonesia.

*Department of Child Health, *Department of Clinical Pathology and
Laboratory Medicine, Dr. HasanSadikin General Hospital, Faculty of Medicine,

UniversitasPadjadjaran, Bandung, Indonesia.
*Corresponding author E-mail: dewi_kumara@unud.ac.id

http://dx.doi.org/10.13005/bpj/1614

(Received: 27 January 2018; accepted: 28 February 2019)

Problem in growth might need to be sought deeper inside the cells to enhance better
management. There was a lack of study done in chondrocytes to determine growth problem
mechanism. We sought to see the chondrocyte’s life span by observing the cells characteristic
in a small container over long period. Human mesenchymal stem cell-derived MSC underwent
chondrocyte differentiation procedure in a 96 wells-plate using chondrocyte/osteocyte
differentiation medium followed by basal medium. A morphological observation and MTT assay
was done to observe apoptosis in chondrocyte in the different wells. MTT assay absorbance
was used to determine number of apoptosis. Statistical analysis was done to assess the different
of mean absorbance values on different days of observation using Anovafolowed by post hoc
analysis in SPSS IBM package version 24 , with significance determined at P<0.05. Chondrocytes
was confirmed with 1% Alcian blue staining and showed characteristic larger then its parent
MSC. The MTT assay showed that chondrocyte absorbance reduce from day 3 through day 14,
which was different significantly (anova, P=0.03) and day 14 was the most differed compared to
day 7 and day 10 (P=0.02, P=0.017 and P=0.013, respectively). The 2D monolayer chondrocyte
underwent total apoptosis on day 14 which can set the limit for observation in further long-
term observational cell study.
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Linear growth or longitudinal growth
achieved in human life, is determined by a process
of differentiation, proliferation and maturation of
the chondrocytes in the growth plate.'?

This process take place intra uterine and
continued in the earliest period of life, mostly
during the first year, during the first five year,

slower thereafter and rapidly during puberty before
entirely stop around 18 years. Some individual
might continue to have the process until 21 years
of age. We can see the result of the process with
an objective measurement in form of body height
attainment at the end of the process or any time
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during the life.?
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Even though genetic potentials contribute
to the final height attainment; human might
experienced some interference during the process,
which affect the result. Mostly the external factors
come from disease and nutrition especially during
childhood. However, nutrition state can also be
influenced by a disease, hence need to be carefully
assessed, in order to know the primary cause and
allow the more proper management. *

In children with HIV, the long-term
inflammation corrupt the long-term nutrition status
is widely accepted as a mechanism to explain
growth failure or stunting.*®* The fact that stunting
continue to occur even though viral load is in
control brought the possibility that stunting is a
result of disturbance in the process of chondrocyte’s
differentiation, proliferation, maturation.”'°

As such, chondrocytes for such research
should be made available. Here we report the life
span of the chondrocytes from differentiation
of mesenchymal stem cell derived from human
umbilical cord. Knowing the life span will
allow researcher to determine the duration for
observation.

METHODS

Mesenchymal stem cell isolation
and expansion as describe elsewhere.!'"'*The
differentiation was done at the end of the third
passages when we have 1.385.000 cells on harvest.
As much as 3.2x10* cells/cm2 were cultured in
a 9.2cm dish with a Stempro™Chondrocyte/
osteocyte differentiation medium (ThermoFisher
Scientific).'” This differentiation medium was
changed on day 7%. and replaced with basal
medium with DMEM glutamax, enriched with
Platelet rich plasma lysate and antibiotics
PenStrepGibco™ containing Streptomycin Sulfate
100 iG/mL and Penicillin G Sodium Sulfate
100U/mL (Thermofisher Scientific). The medium
was changed as the proliferation rate of the
chondrocytes was satisfying and was clearly
observed in the culture.

We did the culture in a 6 well’s plate to
observe the ability of the MSC to differentiate
into a chondrocyte. To know the ability of the
chondrocyte maintained it’s viability capacity
in a small container; we did the observation in a
96-wells-plate.

The incubation was done in humidifier
incubator with 5% CO, and temperature 37°C.
Chondrocyte was identified with Alcian blue. We
did the observation on day 1, 3, 7, 10 and 14,
under inverted microscope (Z2 Zeiss-Germany)
and captured result in the computer monitor
using Axio vision 3.4. software. We observed the
morphological changes under a phase-contrast
microscope also doing MTT (Methyl Tetrazolium)
assay onday 1, 3,7, 10 and 14.

We prepare MTT solution (Abcam-US) in
a 5 mg/mL solution in PBS and mix by vortexing
followed by filter sterilize solution after adding
MTT. We discard media from cell cultures and
add 50 puL of serum-free media and 50 uL of MTT
solution into each well, then incubate the plate at
37°C for 3 hours. After incubation, we add 150 uL
of MTT solvent into each well then wrap plate in
foil and shake on an orbital shaker for 15 minutes.
We also pipetting the liquid m to fully dissolve the
MTT formazan. We read absorbance at OD=590
nm within 15 minutes. This procedure was done
repeatedly on day 1, 3, 7, 10 and 14 to acquire an
impression how the chondrocyte proliferated or
gone through apoptosis over longer observations.

We start this process using 3.2x10°
cells/em? in a 6 wells culture plate following
manufacture recommendation (ThermoFisher). In
a 96 wells, we accommodated 1x10* cells/cm?.

The statistical analysis was done to assess
difference of MTT absorbance through day 1,3,
7,10 and 14 using Anova on SPSS IBM package
version 24.

Ethical clearance was derived from
Faculty of Medicine UniversitasPadjadjaran
n0.205/UN6/KEPK/EC/2018

RESULTS

The MSC went through the differentiation
showed a positive staining on 1% Alcian blue
which became more apparent on day 7 as shown
in figure 1.

There was a difference of the chondrocytes
morphology in a 96 wells-plate on day 7 as shown
in figure 2, compared to the morphology on day
14 as shown in figure 3.

The observation showed that the
chondrocytes went through a high proliferation
capacity on day 7, hence we only changed the



WATI et al., Biomed. & Pharmacol. J, Vol. 12(1), 65-70 (2019) 67

differentiation medium once on day 7 and using
the basal medium thereafter while observing the
apoptosis every three days. On day 14 while
chondrocytes in a 96 wells underwent total
apoptosis on day 14"

This morphology changes was in
accordance to a dynamic of MTT absorbance as
shown in figure 4.

In Anova test, it is found that data sample
absorbance was homogenous and there was a
significant difference between sample absorbance
from day 1 through 14 (P=0.003), with day 14
showed the most significant different from the other
day to day 1,3, 7 and 10 (Post hoc HSD, P=0.002)

DISCUSSION

This study shown the ability of the MSC
from our previous research to differentiate into
chondrocytes, confirmed by the positive 1% Alcian
blue staining. This staining giving information
about the ability of the chondrocytes to produce
glycosaminoglycans, the characteristic matrix

Fig. 1. Chondrocytes in a 96 wells-plate under
1% Alcian blue staining reflecting production of
glycosaminoglycans

product of the chondrocytes. We also shown
that the chondrocytes experienced different rate
of apoptosis over a long period. The longer the
observation the more chondrocytes went through
apoptosis.

The MTT assay was a well known
technique to assess apoptosis or proliferation rate
of the cells culture. The MTT reagent formed
a formazan crystals which produced yellow or
purple color. The intensity of color absorbed
by the substrate determined the amount of the
cells that remained viable or, in the other hand,
apoptosis. Our statistical analysis supported the
morphological evidence, showing the apoptosis
was mostly occurred on day 14. Having apoptosis
on day 14 in a 96 wells-plate, indicates the
maximum duration that can be provided for further
assay in a 96 wells-plate monolayer.

This research is beneficial to validate life
span of chondrocyte in small container. Validation is
normal process during chondrocyte differentiation
and culture, although many researchers would
do this procedure for other purpose. Most of the
validation process was done to derive standard cells
to be used in purpose for treatment. !

We use the chondrocyte in monolayer to
assess proliferative capacity as also done by other
researcher, however we directed our activity to
use chondrocyte for research purpose. We use
human umbilical tissue derived MSC as source
for chondrocyte which considered less exposed
from unwanted environmental hazard as it is used
immediately after birth.

The ability of the chondrocyte to absorb
MTT can be used to calculate proliferative capacity
for further use. We perform the calculation in

Fig. 2. Chondrocyte morphology on day 7 in a 96
wells-plate in the chondrocyte/osteocyte differentiation
medium

Fig. 3. Showed the morphology of the chondrocytes in
a 96 wells-plate underwent total apoptosis on day 14,
in which cell content expulsion and the cell shrinked
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different part of the study as we primarily intended
to show the total apoptosis during long period of
observation. This is due to the use of 2D monolayer
culture in an attempt to measure any process in the
chondrocyte of children to mimick the chondrocyte
in the growth plate. Unlike in the adult where
providing healthy donor for cartilage is possible,
in the children population, deriving chondrocyte
from cartilage or growth plate would considered
unethical as this might lead to growth arrest. As

0.4

such, human umbilical cord MSC was a more
rational option. This tissue can be collected without
an invasive procedure, although in many tradition
in our country, the umbilical cord was an important
aspect for the baby including after birth. As such
an informed consent was absolute before collecting
the cord.

Mimicking chondrocytes in the growth
plate invitro has been attempted by other researcher
in which found that apoptosis would be occur

0.35
0.3

0.25
0.2

a5

———

0.1
0.05

Absorbance value

0
1 2

3 4 5

—l—Abs0| 0.342 0.246

0.168 0.161 0.146

Days of incubation

Fig. 4. Sample absorbance through day 1,3,7,10 and 14. (represented by number 1,2,3,4,5 at the x axis), which shown
that the cell MTT absorbance drop from the initial during day 3 and 7 but sloping on day 10 to reach nadir on day 14
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Fig. 5. Sample absorbance data distribution across days of observation showing differences among samples (Anova,
P=0.003), in which day 14 having the lowest absorbance and the most significantly different with day 1 (HSD post
hoc P=0.002), compared to day 1vs day 10 (P=0.013) and day 1 and day 7 (P=0.013)
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on day 23-37. The researcher used chondrocytes
from animal. This findings was different from our
findings, in which we intended to observe until day
21, however, with regards to the small container,
we fail to observe until day 21. The study was done
using fetal bovine epiphyseal chondrocyte cartilage
and attempted to show the fate of cartilage that
experienced apoptosis after hypertrophic state.?

In the other part of our study, we
also documented that chondrocytes underwent
hypertrophic state before apoptosis. As conclusion,
we have shown the life span of monolayer
chondrocytes in small container for 14 days.
This life span is shorter compared to chondrocyte
derived from adult animal chondrocyte, but
sufficiently informative for future research done
in monolayer chondrocyte.
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