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BACKGROUND 

ABSTRACT  

 
1Biomedical Science Masters Study 

Human dermal fibroblast (HDF) cultures can be used as a regenerative 

agent for wound healing. Fetal bovine serum (FBS) as a culture supplement 

is derived from animals, therefore not being constant in composition, causes 

variations in research results, thus requiring a substitute such as KnockOut 

serum replacement (KOSR). This study evaluated the defined KOSR as 

FBS substitute for HDF culture by measuring the relative expression of 

basic fibroblast growth factor (bFGF) and keratinocyte growth factor (KGF) 

messenger RNA (mRNA), HDF cell proliferation, and HDF migration. 

 

METHODS 

Human dermal fibroblast culture was divided into 2 intervention 

groups receiving KOSR 5% and KOSR 10%, respectively, and a 

control group receiving FBS 10%. Reverse transcription polymerase 

chain reaction (RT-PCR) was used for bFGF and KGF mRNA relative 

expression at the fifth passage (P5). Cell counting kit-8 (CCK-8) 

reagent was used for the HDF cell proliferation assay at P5 and the 

scratch assay was used for HDF cell migration at P6. Data were 

analyzed using dependent t-test, One-way ANOVA, or Kruskal-Wallis 

test. 

 

RESULTS 

There were no significant differences in bFGF and KGF mRNA 

relative expression and HDF migration velocity between the 

intervention and control groups (p>0.05 and p>0.05, respectively). The 

doubling time of the KOSR 5% group showed no significant difference 

(p>0.05), but KOSR 10% and FBS 10% showed significant differences 

between treatment days 2-6 and treatment days 6-10 (p<0.05). 

 

CONCLUSIONS 

The KOSR 10% was comparable to FBS 10% in supporting bFGF and 

KGF mRNA relative expression, HDF cell proliferation, and HDF cell 

migration in HDF culture. 
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INTRODUCTION

Fibroblasts play a role in collagen formation,
normal cellular growth, inflammatory processes,
wound healing, angiogenesis, and the physiological
activity of every tissue and organ in the body.(1)

Fibroblasts in wound healing involve various
biological and molecular processes, such as cell
migration, proliferation, extracellular matrix
deposition, and remodeling. Fibroblasts can be a
regenerative agent for wound healing. (2)

Fibroblasts synthesize extracellular matrix
components, such as collagen, reticular, and
elastin. Fibroblasts also synthesize anionic
macromolecules, such as glycosaminoglycans,
proteoglycans, multi-adhesive glycoproteins,
laminin, and fibronectin, which can promote cell
attachment to substrates. On the other hand,
fibroblasts require growth supplements for cell
growth in vitro.(3)

A growth supplement is one of the
components that influence the success of cell
culture, including fibroblast culture. The use of
growth supplements in cell culture includes growth
factor sources derived from fetal bovine serum
(FBS) and other growth factors of animal origin.
Fetal bovine serum is the most commonly used
growth supplement for cell culture, but may
potentially carry pathogenic organisms and pose
a risk of immune rejection in humans. The
compounds contained in FBS can cause variations
in research results, therefore serum replacement
supplements are needed that do not cause
variations in research results, such as KnockOut
serum replacement (KOSR).(4)

KnockOut serum replacement is a serum
replacement supplement supporting the growth
of embryonic and pluripotent stem cells. The
compounds contained in KOSR include amino
acids, vitamins, antioxidants, trace elements, and
three types of proteins: insulin, transferrin, and
albumin.(5) Results from previous studies using
KOSR showed that the addition of KOSR to
porcine blastocyst medium (PBM) enhanced the
survival of porcine blastocysts, and improved
development to the hatching stage and blastocyst

quality.(6) KnockOut serum replacement also
supported spermatogonia stem cell growth in vitro
and spermatogonia stem cell activity in vivo in
combination with mouse embryonic fibroblasts as
feeder cells.(7) KnockOut serum replacement
supplementation at the minimum concentration of
10% affected germ cell maturation and
testosterone production.(8)

These findings provide a useful reference
that KOSR can be used to replace FBS as a
serum supplement for human dermal fibroblast
(HDF) cultures that could potentially be used as
a regenerative agent for wound healing.
KnockOut serum replacement will enable HDFs
to become a regenerative agent in clinical settings.
This is related to the ability of fibroblasts to
produce collagen fibers and repair damaged
epidermal tissue.(9) Fibroblasts are also accessible
to culture because they can attach and
regenerate.(1) Fibroblasts also play a role in
wound healing by secreting cytokines and several
growth factors, such as basic fibroblast growth
factor (bFGF) and keratinocyte growth
factor (KGF), which can stimulate cell proliferation
and inhibit cell differentiation.(3)

This study evaluated the ability of KOSR to
replace FBS in bFGF and KGF mRNA relative
expression, HDF cell proliferation, and HDF cell
migration in vitro.

METHODS

Research design
This in-vitro study of experimental laboratory

design was conducted from November 2022 to
March 2023 at the Stem Cell Laboratory,
Laboratorium Penelitian Terpadu Universitas
YARSI (LPT-UY).

Cell culture
In this study, HDFs were obtained from the

biorepository of the Stem Cell Laboratory,
Laboratorium Penelitian Terpadu Universitas
YARSI (LPT-UY). Cell culture was conducted
using Dulbecco’s Modified Eagle medium
(DMEM) in the control group, with FBS 10%
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(Gibco) and 1% antibiotics-antimycotics (Gibco).
In the intervention groups 1 and 2, DMEM was
supplemented with KOSR 10% and KOSR 5%
(Gibco), respectively as a substitute for FBS. The
HDFs were kept in an incubator at 37oC and 5%
CO

2
.

Sample preparation
Human dermal fibroblast cells were thawed

in a T75 flask and cultured to 80% confluence.
The experiment was conducted in a T75 flask
for the bFGF and KGF mRNA relative expression
at the fifth passage (P5), on 24-well plates for
the cell proliferation assay at P5, and on six-well
plates for the cell migration assay at P6. The T75
flask was seeded with 1 million viable cells, the
24-well plates were seeded with 30.000 cells/well,
and the six-well plates were seeded with 300.000
cells/well. Each plate was divided into three
treatment groups in duplicate (bFGF and KGF
mRNA relative expression, cell migration assay)
and in triplicate (cell proliferation assay). The
study used reverse transcription polymerase chain
reaction (RT-PCR) for bFGF and KGF mRNA
relative expression, cell counting kit-8 (CCK-8)
reagent for the cell proliferation assay, and
scratches for the cell migration assay.

bFGF/FGF-2 and KGF/FGF-7 mRNA
relative expression

Cells were harvested after ten days or when
80-100% confluent. One million cells from each
treatment group were isolated using an RNA
Extraction kit (Zymo Research). Total RNA was
quantified using a Qubit Fluorometer (Invitrogen).
Then, the RNA was converted into cDNA using
the cDNA Synthesis kit (Toyobo). Reverse

transcription polymerase chain reaction (RT-PCR)
was performed using the Realtime qPCR
SensiFAST SYBR No-ROX kit (Bioline).
Forward and reverse primers for bFGF were 5'-
AGAGCGACCCTCACATCAAG-3' and 5'-
A C T G C C C A G T T C G T T T C A G T- 3 ' ,
respectively, with 234 base pairs and a
temperature of 64oC.(10) Forward and reverse
KGF primers were 5'-TGGCAATCAAAGGGG
TGGAA-3' and 5'-GCCATAGGAAGAAAGT
GGGCT-3' with 253 base pairs and a temperature
of 60oC. (11) Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as a
housekeeping gene with the forward primer
sequence 5'-CCACCCATGGCAAATTCCAT
GGCA-3' and reverse primer 5'-TCTAGACGGC
AGGTCAGGTCCACC-3' with 598 base pairs
and a temperature of 60oC.(12) The primary
sequence was confirmed to be specific only in
humans by examining it using the Nucleotide Blast
facility from National Center for Biotechnology
Information (NCBI). The mRNA transcriptional
expression profile is shown as cycle threshold (Ct)
relative to GAPDH.

Cell proliferation assay
The treatment group was incubated for 24

hours, followed by measurement of the cell
viability using cell counting kit-8 (CCK-8) reagent
(Sigma), according to the cell proliferation assay
protocol. The result was measured using a Safas
MP96 UV microplate reader at a wavelength of
450 nm. Each treatment group was subjected to
the proliferation assay at five time points (day 2,
day 6, day 8, day 10, and day 13). The measured
absorbance was converted to cell numbers using
the normal curve equation. The resulting cell

Univ Med                                                                                                                                                             Vol. 42 No. 3

Figure 1. Measurements of open area with the wound healing assay plugin
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numbers were used to calculate the doubling time
of segments A (days of treatment 2-6) and B
(days of treatment 6-10). Doubling time was
calculated using the formula:
            n = 3.32 (log UCY-log I) + X
where n = population doubling, UCY = cell yield,
I = inoculum numbers, X = population doubling
rate of inoculum.(13)

Cell migration assay
The cell migration assay was performed to

assess the ability of the HDF cells to close a
scratch in a monolayer culture. After 100%
confluence was achieved, the migration assay was
performed using a 10 µl pipette tip, which was
positioned at the left end of the well and moved
horizontally to the right, thereby scratching a linear
open area to mimic a wound. The procedure was
performed in all groups (treatment groups and
control group). The cells were then rinsed using
phosphate-buffered saline (PBS, Gibco) to remove
debris or dead cells resulting from the scratching
and given medium according to the treatment
group. Cell migration ability was observed using
the Evos XL Core microscope (Invitrogen) at 4x
magnification. Photomicrographs of the cells were
obtained every two hours and taken at the same
hour every day or until the open area in the control
group (FBS 10%) was closed (0-50 hours).
Migration analysis was conducted using the
ImageJ Fiji version Windows 64-bit application
with the wound healing assay plugin from https://
github.com/AlejandraArnedo/Wound-healing-
size-tool/wiki.(14) This plugin will detect the open
area in the image and its percentage (as shown in
Figure 1). Migration velocity was to be analyzed
using three time segments, namely segment A (0-
6 hours), segment B (6-26 hours), and segment C
(26-50 hours), then compared between the
segments.

Statistical analysis
All data obtained were presented as mean

± standard deviation using Microsoft Office Excel
2019. Analysis was performed using the Statistical
Program for Social Sciences (SPSS) version 22

by performing the dependent t-test, One-way
ANOVA, or Kruskal-Wallis test. One-way
ANOVA was followed by the Post Hoc LSD
test, whereas the Kruskal-Wallis test the was
followed by the Mann-Whitney test at the
significance level of p<0.05.

RESULTS

bFGF and KGF mRNA relative expression
Figures 2A and 2B show that all treatment

groups had a bFGF and KGF mRNA relative
expression, and there was no difference in bFGF
and KGF mRNA relative expression between the
FBS 10%, KOSR 10%, and KOSR 5% treatment
groups (p>0.05).

Figure 2A. bFGF mRNA Relative Expression. 2B.
KGF mRNA Relative Expression.

mRNA = messenger RNA. KOSR = KnockOut serum
replacement. FBS = fetal bovine serum

Cell proliferation assay
Figure 3A shows that all treatment groups

experienced increased viability until treatment
day 10. On treatment day 13, the number of
fibroblast cells decreased in all treatment groups
compared to day 10. The FBS 10% treatment
group experienced the highest increase in viability
compared to other treatment groups. This study
revealed a significant difference in cell viability
of the FBS 10% group as compared to the KOSR
10% and KOSR 5% treatment groups (p<0.05),
respectively.

Figure 2.A. bFGF mRNA Relative Expression. 2.B
KGF mRNA Relative Expression. messenger RNA

(mRNA), KOSR (Knockout Serum Replacement), FBS

(Fetal Bovine Serum)
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Figure 3B on doubling time between
treatment groups in the same segment shows that
in segment A (day of treatment 2-6), the doubling
time of the FBS 10% group was significantly
lower than that of the KOSR 10% and KOSR
5% % treatment groups (p<0.05). In segment B
(day of treatment 6-10), the doubling time of FBS
10% was significantly higher than that of KOSR
10% and KOSR 5% (p<0.05). The doubling time
between segments A and B in the same treatment
group showed that the KOSR 10% and FBS 10%
treatment groups in the segment experienced an
increase (p<0.05) in doubling time while the
KOSR 5% treatment group was stable (p>0.05).

Cell migration assay
The results of the migration assay showed

that the cells migrated over the open area
produced by the scratch within 50 hours (Table
1).Figure 3A. Cell proliferation of human dermal

fibroblasts (HDFs). 3B. Doubling time of human
dermal fibroblasts (HDFs). KOSR = KnockOut serum

replacement. FBS = fetal bovine serum

Univ Med                                                                                                                                                             Vol. 42 No. 3

Time KOSR 5% KOSR 10% FBS 10% 

0 Hours 

   

2 Hours 

   

4 Hours 

   

6 Hours 

   

Table 1. Cell migration assay
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22 Hours 

   

24 Hours 

   

26 Hours 

   

28 Hours 

   

30 Hours 

   

46 Hours 

   

48 Hours 

   

50 Hours 

   

 Note: Table 1 shows the results of the scratch assay in the KOSR 5%, KOSR 10%, and FBS 10% treatment
groups which were observed every 2 hours and performed at the same hour every day or until the control group

(FBS 10%) was closed (0-50 hours). KOSR (Knockout Serum Replacement), FBS (Fetal Bovine Serum)
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Figure 4A shows that in the FBS 10%
treatment group the open area was closed within
50 hours. The KOSR 10% and KOSR 5%
treatment groups also show similar migration
patterns. However, due to differences in the open
area starting point, the FBS 10% group can close
the open area within 50 hours.

Figure 4B shows the peak migration velocity
in the three segments A – C of the migration
pattern. The KOSR 5% treatment group has its
peak migration velocity in segment A (0-6 hours),
followed by the FBS 10% treatment group with
its peak in segment B (6-26 hours), and the KOSR
10% treatment group with its peak in segment C
(26-50 hours). However, statistical calculation
shows no significant difference in the migration
velocity between treatment groups in the same
segment and between the segments in the same
treatment group (p>0.05). Therefore, the
migration velocity in this study was comparable
in each treatment group and segment.

DISCUSSION

Based on the results, KOSR
supplementation shows similar support of bFGF
and KGF mRNA relative expression and cell
migration velocity compared to FBS
supplementation. KnockOut serum replacement
also supports the proliferation of HDFs. However,
analysis of doubling time shows that KOSR 5%
was stable during 10-day proliferation period while
KOSR 10% and FBS 10% show a significant
increase in doubling time during the 10-day
proliferation period. This suggests that KOSR
10% and FBS 10% experienced a decrease in
proliferation capacity. Results from previous
studies found that using KOSR 5% in blastocyte
cultures significantly increased the expression of
blastocyst-hatching-related mRNA expression,
increased survival on day 5, and the blastocyte
count on day 7 compared to those cultured in
porcine blastocyst medium (PBM) alone or with
the addition of FBS 10%.(6) These results show
that the constituents of the KOSR 10%
supplement can influence mRNA relative
expression, cell proliferation, and cell migration.

Fetal bovine serum and KOSR have
vitamins/antioxidants and proteins that can
increase FGF mRNA relative expression, leading
to increased proliferation, differentiation, and
migration of fibroblasts that contribute to a faster
wound-healing process.(15) The presence of serum
in cell culture constitutes an extracellular
stimulatory process that uses intracellular signals
via the Rho-actin/myocardin-related transcription
factor (MRTF) and Ras ERK/ternary complex
factor (TCF) pathways. These factors act as a
cofactor for serum response factor (SRF) in the
nucleus to regulate cell differentiation, migration,
motility, proliferation, cytoskeleton, signaling,
adhesion, development, myogenesis, apoptosis,
etc. SRF binds to the serum response element
(SRE) in the promoter region of target genes,
including immediate early genes (IEGs). SRE is
a DNA cis-element known as the CArG box;
through its binding to CArG sequences, SRF
activates genes that respond to mitogens.(16)

Univ Med                                                                                                                                                             Vol. 42 No. 3

Figure 4A. Cell migration of human dermal fibro-
blasts (HDFs). 4B. Cell migration velocity of human

dermal fibroblasts (HDFs). KOSR = KnockOut serum
replacement. FBS = fetal bovine serum
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Based on the results of this study, it was found
that KOSR can act as an external stimulus to
obtain similar functions such as gene expression,
cell proliferation, and cell migration.

Serum response factors are transcription
factors that play a role in regulating gene
expression in all cell types. bFGF acts through
the MRTF pathway, MRTF being a cofactor of
SRF for cell proliferation. The bFGF is a growth
factor secreted by fibroblasts for tissue repair,
epithelial regeneration, and remodeling.(17)

Previous studies have shown that human
mesenchymal stromal cells (hMSCs) reduce FGF
receptor 1 (FGFR1) expression, leading to
unresponsiveness to bFGF, whereas fibroblasts
maintain high FGFR1 expression. In hMSCs and
fibroblasts, inhibition of actin-myosin interaction
and MRTF/SRF activity decreases FGFR1
expression. Fibroblasts maintain high SRF and
FGFR1 expression and remain responsive to
bFGF.(18) Fibroblasts produce endogenous bFGF
which acts via autocrine mechanisms on FGFR1.
Cultures using FBS contain exogenous and
endogenous bFGF, as well as other growth
factors, such as endothelial cell growth factor
(ECGF), epidermal growth factor (EGF),
fibroblast growth factor (FGF), insulin-like growth
factor (IGF), nerve growth factor (NGF), platelet-
derived growth factor (PDGF), and transforming
growth factor (TGF).(19) Our results showed that
bFGF synthesis was equivalent for both FBS and
KOSR supplements. This means that bFGF
synthesis is independent of MRTF, which is a
cofactor of SRF.

Keratinocyte growth factor is also a growth
factor secreted by fibroblasts which plays a role
in wound healing through the re-epithelialization
process in supporting the migration and
proliferation of keratinocytes. Several KGF
therapeutic strategies can enhance wound healing
by targeting re-epithelialization.(20) Keratinocyte
growth factor is a downstream target of SRF that
regulates KGF expression through its binding to
the SRE in the promoter region of the gene. The
specific pathway for SRF to regulate KGF
expression is not yet known, so further research

is needed to fully understand the mechanism of
SRF regulation of KGF expression. The role of
SRF in keratinocyte biology can be analyzed
through SRF expression in skin conditions
associated with increased keratinocyte migration
and/or proliferation and SRF plays a role in the
normal function and maintenance of skin.(21)

Reduced SRF expression in keratinocytes affects
epidermal homeostasis. The underlying
mechanisms involve cytoskeleton disruption and
impaired cell adhesion. Expression of dermally-
derived KGF stimulates wound re-epithelialization
by paracrine signaling.(20)

Fetal bovine serum and KOSR contain
ingredients that affect cell proliferation and
migration. FBS provides the necessary proteins
to regulate the cell culture system, (22) one of the
FBS proteins being vimentin which interacts with
Extracellular Signal-Regulated Kinase (ERK) to
increase cell proliferation or division.(23) Vimentin
also promotes cell migration into normal tissue
during wound repair. (24) KnockOut serum
replacement contains amino acids, vitamins,
antioxidants, trace elements, and three types of
proteins: insulin, transferrin, and albumin.(5)

Collagen formed from the amino acids of these
proteins by fibroblasts will modulate fibroblast
proliferation, migration, and survival. Antioxidants
in KOSR can activate the expression of
collagenase which helps in the degradation of the
extracellular matrix and in cell migration.(25)

KnockOut serum replacement does not contain
undefined growth or differentiation-promoting
factors, therefore it can be used for various
applications using cells, tissues, or embryos, such
as in the selection of drugs for gene-targeted cells
and as a handling medium for embryo
transplantation.(26)

Fibroblast proliferation is influenced by SRF
interacting with its cofactors from the Ras ERK/
TCF pathway,(27) which plays a role in controlling
proliferation, invasion, and metastasis.(28) Serum
response factor activates immediate-early genes
(IEG), such as c-fos and cyr61. C-fos acts as a
transcriptional activator of IEGs and binds to c-
jun to form the AP-1 complex. Inhibition of c-fos
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can cause a decrease in AP-1 expression and
suppress the proliferation process.(29) Cyr61 is the
product of an IEG that can mediate cell survival,
proliferation, differentiation, migration, adhesion,
and extracellular matrix synthesis.(30) SRF also
affects migration through the actin
cytoskeleton.(31) Actin stabilization is influenced
by troponin t, tropomyosin, and calponin, which
are IEGs regulated by SRF.(32, 33, 34) The Rho-actin
pathway plays a role in cell migration by regulating
shape, polarity, and cell movement through actin-
myosin contraction mechanisms and cell adhesion.
The Rho-actin pathway also relies on actin
dynamics that provide traction for cells to move
forward during the cell migration process.(35)

The limitation of this study is that the open area
is dependent on the scratch results. This study
shows that KOSR supplementation in serum-free
culture systems for fibroblast production is an
Advanced Therapeutic Medicinal Product
(ATMP). Furthermore, the KGF mRNA
expression by fibroblasts in this study shows the
potential of the fibroblast secretome as an active
substance for wound healing.

CONCLUSIONS

This study showed that KOSR 10% was
comparable to FBS 10% in supporting the
functions of bFGF and KGF mRNA relative
expression, cell proliferation, and cell migration.
Suggestions for future research are the
examination of SRF expression in serum-free
cultures using KOSR 10% in fibroblast,
keratinocyte, and stem cell cultures.
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