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ABSTRAK

ABSTRACT

Latar belakang: Proliferasi sel terjadi baik pada sel normal
maupun sel kanker. Penghambatan proliferasi sel pada
umumnya bertujuan untuk membunuh sel kanker, yang banyak
dilakukan dengan menghambat sintesis DNA, terutama melalui
intervensi sintesis basa purin atau pirimidin. Pada sintesis purin
de novo diduga terdapat peran biotin yang merupakan koenzim
dalam reaksi karboksilasi, salah satu tahap yang sangat
penting dalam sintesis purin. Penelitian ini bertujuan untuk
mempelajari potensi avidin sebagai pengikat biotin dalam
penghambatan mitosis.

Metode: Sel mononukleus darah tepi (SMDT) manusia dikultur
dalam medium RPMI-1640dandistimulasioleh fitohemaglutinin
(PHA) dengan dan tanpa interleukin-2 (IL-2) dan dengan atau
tanpa avidin. Efek penambahan avidin dilihat pada 24, 48, dan
72 jam dan dilakukan analisis terhadap proliferasi, viabilitas,
dan siklus sel. Analisis statistik menggunakan one-way ANOVA.

Hasil: Avidin menghambat sintesis DNA dan proliferasi SMDT
pada kultur yang distimulasi PHA dengan atau tanpa IL-2.
Analisis siklus sel menunjukkan bahwa avidin menghambat
progresi masuknya SMDT dari fase GO/G1 ke fase S.

Kesimpulan: Hambatan utilisasi biotin karena pengikatan
oleh avidin, dapat menghambat proliferasi sel.

Background: Cell proliferation occurs not only in normal
but also in cancer cells. Most of cell proliferation inhibition
can be done by inhibiting the DNA synthesis, notably by
intervening the formation of purine or pyrimidine. In purine
de novo synthesis, it was assumed that biotin plays arole as a
coenzyme in carboxylation reaction, one of the pivotal steps
in the purine de novo pathways. The aim of this study was
to see the avidin potency to bind biotin and inhibit mitosis.

Methods: Peripheral blood mononuclear cell (PBMC)
was cultured in RPMI-1640 medium and stimulated by
phytohemagglutinin (PHA) in the presence or absence of
interleukin-2 (IL-2), with or without avidin. The effect of
avidin addition was observed at 24, 48, and 72 hours for cell
proliferation, viability, and cell cycle. Statistical analysis was
done by one-way ANOVA.

Results: Avidin inhibited cell proliferation and viability in
culture under stimulation by PHA with and without IL-2. Cell
cycle analysis showed that avidin arrested the progression
of PBMC after 72 hours of culture. Most cells were found in
G0/G1 phase.

Conclusion: Inhibition of biotin utilization by avidin
binding can halt cell proliferation.
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Purine is an essential compound in nucleotides and
functions as building block of deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA).! Nucleotides also
have arole as a second messenger, such as guanosine
triphospate (GTP) and 3’-5-cyclic adenosine
monophospate (cAMP), and as a coenzyme such
as adenine dinucleotide (NAD) and coenzyme A.2
The inhibition of purine synthesis is important to
stop cell proliferation. In cancer, cell proliferation
occurs continuously and uncontrolled.? An attempt
to halt cell proliferation is the cornerstone of
cancer therapy. Cell proliferation can be inhibited
in various ways, most of them by intervention of
purine synthesis.*

There are two pathways in purine synthesis, de
novo synthesis pathway and salvage pathway. In de
novo synthesis, purine is synthesized directly from
precursors, i.e. sugar, amino acids, and bicarbonate.
In salvage pathway, the purine or nucleotide
released from hydrolytic degradation of nucleic acid
is reused or recycled.® In de novo synthesis pathway,
there are ten enzymatic reactions, three of the
reactions need the vitamin as a coenzyme. Reaction
in the third and the ninth step needs the folic acid,
whereas reaction in the sixth step, a carboxylation
reaction, commonly needs the biotin.°®

To date, intervention of the formylation step is used
as a therapeutical approach, by using the folate
analogues. It is interesting to note that the sixth
step which needs biotin is practically not explored
at all. Avidin is a well known protein due to its
high affinity to biotin (Kd=10"'°M).” Avidin-biotin
interaction is considered the strongest non-covalent
interaction among ligand-protein interaction in
nature.? So far, utilization of the interaction is
limited to in vitro assay and other applications
such as enzyme-linked immunosorbent assay
(ELISA), immunohistochemistry, and western
blot.” We supposed, based on the high affinity of
biotin-avidin interaction, this protein could arrest
cell proliferation. In this study, we evaluated the
role of biotin on DNA synthesis, cell proliferation,
cell cycle by using human peripheral blood
mononuclear cell (PBMC) stimulated to mitosis with
phytohemagglutinin (PHA). The cells were then
harvested periodically after the first stimulation.

METHODS

This was an experimental study conducted at

http://miji.ui.ac.id

the Department of Biochemistry and Molecular
Biology, Department of Medical Biology, and
Department of Clinical Pathology, Faculty of
Medicine, Universitas Indonesia, Jakarta, from
March 2014 to March 2015.

The protocol of the study has been approved
by Medical Ethics Committee of Faculty of
Medicine, Universitas Indonesia (No. 318/
H2.F1/ETIK/2014). Signed informed consent
was obtained from three volunteers. PBMC was
obtained from the buffy coats of healthy donors.
Heparinized human peripheral blood (6 mL)
was obtained from normal healthy volunteers.
Peripheral blood was isolated by gradient density
centrifugation with Ficoll Paque PLUS (GE
Healthcare™). Cells in the interface layers were
removed and washed by phosphate buffered
saline (PBS), then resuspended in RPMI-1640
(Lonza™) medium which is supplemented with
10% inactive FBS (Gibco™), 100 U/mL penicillin
(Gibco™), and 100 pg/mL streptomycin
(Gibco™). Cells were cultured in triplicate with
density of 0.5x10° cell/mL and stimulated by
addition of 10 U/mL IL-2 (Peprotech™) and
1% PHA (Gibco™). BrdU incorporation and
the reduction of tetrazolium salt were used to
determine the cells proliferation and viability.
Cells were harvested at 24, 48, and 72 hours
after the addition of avidin.

The proliferation of PBMC was done using
commercial Kit Cell Proliferation ELISA
BrdU (colorimetric) (Roche™) following the
procedure described in the user’s manual. The
viability measurement of PBMC was carried
out using the commercial kit Proliferation
Reagent WST-1 (Roche™). Data were expressed
as absorbance (mean+SD) of at least triplicate
experiments. Cells (1x10°) were harvested,
washed with PBS, fixed with 70% ethanol,
treated with 100 pg/mL RNase A (Sigma-
Aldrich™), and stained with 50 pg/mL
propidium iodide (Sigma-Aldrich™). After 30
minutes incubation at room temperature, the
distribution of DNA content was measured
with a FACS Calibur (Beckton Dickinson
Immunocytometry Systems™) flow cytometer.

Data analysis was done by using SPSS version
19. Normality of data was tested by Kolmogorov-
Smirnov test. Comparison among groups was
done by one-way ANOVA.



RESULTS

Effect of avidin on proliferation and cell
viability in PHA-stimulated human PBMC

To assess the effect of avidin in inhibiting cell
proliferation and viability, PBMC were stimulated by
PHA (10 pg/mL) and PHA (10 pg/mL) plus IL-2 (10
pu/mL). At 24, 48, and 72 hours intervals, the wells
seeded at 5x10* cells were harvested and analyzed
by BrdU ELISA proliferation assay which reveal cell
in the S phase of the cell cycle. The cells stimulated
with PHA proliferated significantly (p<0.05) higher
compared to non-stimulated cells over 48 hours
culture. However, the cells number after 72 hours
was decreased (p<0.05). The proliferation of PBMC
was inhibited by avidin. Significant inhibition was
observed at 24 hours (p<0.05), 48 hours (p<0.05),
and 72 hours (p<0.05) (Figure 1).

There was a significant increase of cell proliferation
after stimulation by PHA and IL-2 compared to
non-stimulated cells over 48 hours culture. The
proliferation of PBMC was significantly inhibited by
addition of avidin. As shown in Figure 1, proliferation
of PBMC was also decreased at 72 hours (Figure 2).

To assess the cell viability, PBMC was stimulated
with PHA and in the medium containing PHA
and IL-2. The effect of the addition of avidin was
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Figure 1. Effect of purine synthesis inhibition by avidin on
cell proliferation under stimulation with phytohemagglu-
tinin (PHA). The absorbance based on BrdU incorporation
was used as indicator of proliferation and evaluated at 24,
48, and 72 hours (*= p<0.05)
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observed at 24, 48, and 72 hours for cell viability
analysis. There was a significant increase of cell
viability after stimulation by PHA compared
to non-stimulated cells over 72 hours culture.
Significant inhibition was observed at 72 hours
(p<0.05) (Figure 3).
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Figure 2. Effect of purine synthesis inhibition by avidin on
cell proliferation under stimulation with phytohemaggluti-
nin (PHA) and interleukine 2 (IL-2). The absorbance based
on BrdU incorporation was used as indicator of proliferation
and evaluated at 24, 48, and 72 hours (*= p<0.05)
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Figure 3. Effect of purine synthesis inhibition by avidin on
cell viability under stimulation with phytohemagglutinin
(PHA). The absorbance based on the reduction of tetrazo-
lium salt was used as indicator of cell viability, and evaluated
at 24, 48, and 72 hours (*= p<0.05)
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The cell viability was significantly increased in
cell stimulated with PHA and IL-2, compared
to unstimulated cells over 72 hours cultures
(p<0.05). Addition of avidin was associated with
significant decrease of cell viability at 24 and 72
hours (p<0.05) (Figure 4).

Distribution of PBMC stimulated by PHA with
and without avidin at various phases of cell
cycle

[t can be seen that PBMC in control group (Figure
5A) and after stimulation with PHA (Figure 5B)
were in G1 phase (M1). However, the cells were
already started to DNA synthesis phase, and in the
end the population entered mitosis phase. Most
of PHA and avidin stimulated-PBMC were also in
G1 phase (M1). Addition of avidin was associated
with lower number of cells undergoing DNA
synthesis compared to those treated with PHA
alone (Figure 5C).

Figure 6 shows that PBMC seeded in medium
alone (control) entered the GO/G1 phase 97.28%,
S phase 1.36%, and G2/M 0.68%. The PHA-
stimulated PBMC, entered the GO/G1 phase
71.13%, S phase 21.48%, and G2/M 5.31%. The
addition of avidin in PHA-stimulated PBMC,
entered the GO/G1 phase 80.53%, S phase
17.70%, and G2/M 0.88%.
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Figure 4. Effect of purine synthesis inhibition by avidin on
cell viability under stimulation with phytohemagglutinin
(PHA) and interleukin 2 (IL-2). The absorbance of cell viabil-
ity was measured based on tetrazolium salt reduction and
evaluated at 24, 48, and 72 hours (*= p<0.05)

http://miji.ui.ac.id

34 A. Unstimulated
o
8e]
=i
=) M3
M1
So M2
B H M
o
o~ 4
- S e L A A B e e S
0 200 400 600 800 1000
Propidium lodide
81 B. PHA
o]
o
2 M3
M1
So] M2
o¥ H
O-
[\
= LA R VLN N RN
0 200 400 600 800 1000
Propidium lodide
21 C. PHA + Avidin
[
8]
=i
3 M1 M3
Sol M2
o-
[a\]
O'y—!—h‘, N

0 200 400 600 800 1000
Propidium lodide

Figure 5. Antiproliferative effect of avidin in the mitosis of
PBMC. PBMC was stained by propidium iodide. PBMC was
cultured in medium alone (panel A), stimulated by PHA
(panel B), and stimulated with PHA with addition of avidin
(panel C). Analysis of viable cell was done with FACS Calibur
(Beckton Dickinson Immunocytometry Systems) and evalu-
ated after 72 hours of incubation
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Figure 6. Distribution of PBMC in cell cycle phase in control
group, PHA-stimulated group and influence of avidin on each
phases

DISCUSSION

Peripheral blood mononuclear cell is used as
model in various studies of cell proliferation as
well asto evaluate the effects of various treatments
on this process.!® The majority of the cells are T
lymphocytes and this cell can easily be stimulated
to mitosis by adding phytohemagglutinin
(PHA).'*!* The advantage of this model is that
the mitosis can be started anytime and the cells
proliferate simultaneously and synchronically.
Therefore, the cells can be harvested at any time
as needed and the responding cells are practically
found at the same stage of cell cycle.

Purine is an indispensable part of DNA.* As
mentioned previously, purine is made in two ways,
the de novo synthesis and the salvage pathways.
The differences of both pathways are laid on
the fact that in the de novo synthesis, purine is
synthesized directly from precursors and requires
several cofactors.® There are three steps in which
two different groups are needed to complete the
reaction, the formyl, and carboxyl groups.!

Intervention of formylation process will result in
inhibition of purine synthesis. This intervention
can be obtained by using folic acid analogue.'
It was proven in microbes (Saccharomyces
cerevisiae and also L. arabinosus), that purine
synthesis needs biotin for the CO, fixation."
The phenomenon is also observed in the pigeon
liver homogenates.!* Zerega et al'®> have proven
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that avidin, a biotin binder, inhibited chick
chondrocytes proliferation in vitro. These authors
explained that biotin deprivation interfered the
activity of fatty acid metabolism, i.e. acetyl-CoA
carboxylase, pyruvate carboxylase, and the (-sub
unit of the propionyl-CoA carboxylase. These
enzymes play a pivotal role in the terminal stage
of differentiation. In higher organism, it was
observed in rats that biotin was needed in the
fixation of CO, into purines.*

To date, there was no report about the effect
of intervention of carboxylation process by
addition of biotin binder which makes this
cofactor not available any longer. It is well known
that avidin binds the biotin very strongly with
the Kd of 107 Once bound, it is practically
impossible to dissociate avidin-biotin complex.
If it happened, the bounded biotin cannot be
used anymore. In this study, BrdU (analogue of
thymidine) incorporation was used as indicator
DNA synthesis,'”” whereas the formazan formed
from water soluble tetrazolium-1 Salts (WST-1)
was used as indicator of cell proliferation and
viability.!®

Decreases DNA synthesis and viability can be
seen by low BrdU incorporation and the low
optical density value of the WST-1 assay. In this
obeservation, we found that BrdU incorporation
andthereduction of WST-1 tetrazolium saltwere
significantly lower in stimulated PBMC treated
by avidin. Occurence of proliferation arrest
was also demonstrated by the flowcytometry
analysis. As the phenomenon is found only in
the PHA-stimulated PBMC treated by avidin, it
is suggested that the important part of biotin
found previously in the medium are bound by
the avidin and therefore biotin are not available
anymore for the cell. Flowcytometry analysis
also indicated that proliferation of avidin
treated cells was halted in the GO/G1 phase. It
means that the cell cannot enter the S phase in
which the DNA synthesis occurs.

To date, the inhibition of DNA synthesis i.e. in
cancer treatment is done by using purine or
pyrimidine analogues or by intervening the
purine synthesis using the folate analogue. Our
observations indicate that disturbing the biotin
availability, in this case by using avidin, can halt
DNA synthesis and decrease cell viability. Unlike
purine or pyrimidine analogues, avidin binds the
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biotin very firmly. In the principal, using a specific
binding protein for inhibition of DNA synthesis is
rather difficult to use in the whole intact animals.
However, there are some possibilities to be
considered, for instance by using biotin analogue
in DNA synthesis. However utilization of a biotin
analogue, which is a xenobiotic, is not without
problems. On the other hand, utilization of intact
avidin, which is a foreign protein will provoke
an immune response. For this reason, a possible
approach is to construct a small peptide which can
bind the biotin. The peptide can be constructed
by studying the binding site of avidin.

In conclusion, our study indicated that
intervention of biotin availability by avidin could
reduce or even halt cell proliferation and viability.
The analysis of cell cycle showed that addition of
avidin inhibit the progression of cell from the GO/
G1 to S phase.
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