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Abstract of Thesis

Hydrogel fabrication through horseradish peroxidase (HRP)-catalysed cross-linking has garnered great
interest due to its safety for cells. In HRP cross-linking, hydrogen peroxide (H202) is used as an electron donor
to induce the cross-linking of polymer possessing phenol groups (Polymer-Ph). However, H2O2 can also degrade
the Polymer-Ph through oxidation. This contradictory effect of H202 can affect the properties of the hydrogel.
Subsequently, the changes in the properties of the hydrogel play a key role in regulating cell behaviours. The
objective of this thesis is to investigate the contradictory effect of H2Oz on the hydrogel properties and its role
in controlling cell behaviour.

Chapter I describes the general explanation regarding the interaction between cells and their extracellular
matrix (ECM). The role of the physicochemical properties of the ECM, e.g:, stiffness, viscoelasticity, molecular
weight and cell adhesive ligands, in regulating cell behaviour was discussed. Attempts to study the cell-ECM
interaction in vitro using hydrogels were discussed. The application and cross-linking of gelatin-based hydrogels
and studies on H20:2 role in HRP-catalysed cross-linking were presented.

Chapter II describes the contradictory effect of H202 on Gelatin-Ph hydrogel. The mechanical property of the
Gelatin-Ph hydrogel could be controlled by adjusting the HRP concentration and the exposure time to air
containing H20:2. Increasing the exposure time to air containing H202 resulted in a non-linear trend of the
Gelatin-Ph hydrogels Young’s modulus, with initial stiffening followed by a gradual decrease in hydrogel
stiffness. This phenomenon is mediated by the contradictory effect of H202 which degrades the polymer in
extended exposure time. The changes in the properties of the Gelatin-Ph hydrogels could alter the adhesion of
human adipose-derived stem cells and rat fibroblasts. Overall, this system allows hydrogel fabrication with
tunable properties for controlling cell behaviour.

Chapter III describes the application of air containing H202 exposure—mediated control of the physicochemical
properties of Gelatin-Ph on modulating myogenesis. To address this, the behaviour of mouse myoblasts (C2C12)
cells on Gelatin-Ph hydrogels fabricated through different exposure times to air containing H202 was studied.
The cytocompatibility of the hydrogelation system was demonstrated. The myoblasts showed stiffness-
dependent adhesion and differentiation, with higher cell elongation and myotube formation observed on stiffer
hydrogels. The findings of this study can be applied in skeletal muscle tissue engineering to control the cell fate
to form new muscle cells.

Chapter IV describes the possibility of controlling the cell-cycle progression of the cells cultured on Gelatin-
Ph/hyaluronic acid (HA)-Ph composite hydrogels obtained through H2Os-mediated cross-linking and
degradation of the polymers. Human cervical cancer cells (HeLa) and mouse mammary gland epithelial cells
(NMuMG) expressing cell-cycle reporter Fucci2 showed the exposure time-dependent cell-cycle progression on
the hydrogels. Cells cultured on softer hydrogel showed arrested cell-cycle progression. Additionally, the cell-
cycle progression of NMuMG/Fucci2 cells was not only governed by the hydrogel stiffness but also by the low-
molecular-weight HA-Ph resulting from H2O2-mediated degradation. These findings could be useful in cancer
studies and tissue engineering purposes.

This thesis describes the potential of H202-mediated control of hydrogel properties to modulate cell behaviour.
The findings of this study are expected to contribute to the application of HRP-catalysed cross-linking in cell
studies and the development of functional tissues in the biomedical engineering field.




A7
WOCEE O ROEE RO Y

®K P4 (Wildan Mubarok)

(k) K %

e #iz g5 A

g | #iz L R

e | o A
MXBEDOERDOEE

Wildan Mubarok X%, AGHCIZH W T, BELKFFE FCET T 20D IRV A F =B L Tz /
— KRR Z ETeEmy TKIBIROE RaZ U BRICB LT, TRETIFEAEHFH SN TI R - RIS %
AT S E B 7D ERERBILKRIC L 5@ TONIZL D R F L~ BEA LML, LT,
OB ONEEBRICLDBEBERS., HoNs e Far L ETERINAIHIIBOFEICE 2 2 FEEZHL )
L7z, LT, FEOQERZMWY oo, KigXOFRERBREETLT,

%1 ETIEL, MIERE) &R EM OREOMBICET SBEFOMEE £ LD, AFFROER L EZHMEIZ Lz, H
2ETIE, THEDLIVHEANAF U —B L IOBBICLVEBEIND LD IEMEITo 128 T F v OREGKE
WEmE L KEE R ZERICRRE LB, BRERAE Syt €2 F B8R0 0T BEIZO W TH LML
Too Elo, BEEMROETAMIEE LTRSS DBHEIFMBIZOWT, 2ok Rr s L ETOZEEZHR~,
TNOOMBEEH G Lz, FIT T, MEENMIEE L CTHAZIEET AHMIEO b L1272 2 3B
LC, HEfAETRSRCMIIZIR, BEMMEIC G 2 2 BB E T L L bic, B~ iz 52 2% BER, 0
PWREPA LN Uiz, 4TI, RIO2ODEETIHRY | BT F VMOV TR, 2OMOESTHETH
BEDZ EMNECZDONERRB DT, ZFEO T A L BEEH SE SNV HONWTEREEITo77-, FL
T, MlEOMEREE LTk, P W TEHEE L, FrfilaB L O9Er v filaz VW<, 20 REFHTHL
Mz Lz,

K LORHETRERA v M, SEIEFRMBICHOWNT, B, b, Mlafzies & 28285805 0l %
TV, BELKEBFE T CAELDIAED SUOHENVAF VA —VBIC L DBEER E B TFONEEV), B R
FNDIVFFFEL WS G bik, KT 2R 2 R HFICA T LHS %, BB LKRERER~ORZEIFH %
HIHET DL W) HEAFTETHB TESL ZEEWLNCL, ZhICEY ., MBOEHEZHETETHD Z & 2 FEit
L72Ricdh 5, MlaoZEEEEIL, FAEER - ik Ly oBoLn 6T, ARSI ESERNI CHEHERFIHT
B, S, ZTOREDOMBEERIEM ORFHEO1 oL R 2 RENEEZ AT IR TH D, U EOBHBIZLY, K
WAL (L%) OFMERGTHISIDbLNEDLRD S,




