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Abstract

It is well established that surface topography can affect cell functions. However,
finding a reproducible and reliable method for regulating stem cell behavior is still
under investigation. It has been shown that cell imprinted substrgtes contain micro-
and nanoscale structures of the cell membrane that serve'as hierarchical substrates,
can successfully alter stem cell fate. This study investigated the‘effect of the
overall cell shape by fabricating silicon wafers containing pit structure in the
average size of spherical-like chondrocytes usingpheotolithography technique. We
also used chondrocyte cell line (C28/12) with spindle-like shape to produce cell
imprinted substrates. The effect of all substrates.on'the differentiation of adipose-
derived mesenchymal stem cells (ADSCs) has/been studied. The AFM and SEM
images of the prepared substrates demonstrated that the desired shapes were
successfully transferred to the substrates. Differentiation of ADSCs was
investigated by immunostainingfor.mature chondrocyte marker, collagen II, and
gene expression of collagen II, Sox9; and aggrecan markers. C28/12 imprinted
substrate could effectively‘€nhanced chondrogenic differentiation compared to
regular pit patterns on the wafer. It can be concluded that cell imprinted substrates
can induce differentiation signals better than engineered lithographic substrates.
The nanostructures on the ce\ﬂ-imprinted patterns play a crucial role in harnessing
cell fate. Therefore, the patterns must include the nano-topographies to have
reliable and reproducible engineered substrates.

Keywords: Chondrogenic differentiation, Cell imprinting, lithography, nano-
topography.
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1-Introduction

In the past few years, due to the increased need for replacement or treatment of
the damaged or diseased tissues in the human body, tissue enginéering hasplayed
an essential role in designing artificial constructs to keep or improve the function
of different organs'~. One of the fundamental challenges in tissue'development is
the lack of an adequate amount of cells capable of self-renewal and differentiating
toward specific lineage®. Among different tissues, cartilage tissue was believed to
be efficiently engineered; however, due to its complex anchitectural construct and
biomechanical properties, it has been challenging to reach the clinical stage*. It is
also reported that the original phenotype of spherical chondrecytes changes to
spindle fibroblast-like after isolation from the body and.cultivation in a monolayer
condition. The expression of specific marker collagen type II is changed to
collagen type I within 2 or 3 passages®’. Therefore, while maintaining the
chondrocyte phenotype in vitro is hardly achievable,#nduction of chondrogenic
differentiation in stem cells becomes more challenging®°. Even though it has been
tried to treat cartilage defects with expanding chondrocytes in culture, providing an
ample amount of cells considering the low proliferative capacity of the derived
chondrocytes and limited cartilage tissueraccessibility, is remained challenging!%!!,
Also, keeping cells for a long time in culture leads to dedifferentiation of
chondrocytes and compromising their functionality'?. Tissue engineering and stem
cell differentiation toward chondrogytes provide a promising approach to
overcoming present obstacles!.!314. Cells in their microenvironment are directed
by biochemical factors, biglogical cues, and biophysical features such as
topography!>-16, Understanding cell-substrate interactions with microfabrication
technologies helps.to design a smart micro/nano environment more similar to the
origin extracellular matrix to control cell shapes, behavior, and fate!’-1°, In the last
two decades, micropatterning techniques have enabled scientists to resemble the
complex structure of tissues by designing substrates on various scales and
positioning the cells on the prepared substrates to precisely control cell
morphology and function in vitro?>?!. However, lately, nanofabrication methods
suchras e-beam lithography have attracted much attention to develop highly
ordered nanopatterns on the substrates?>?3. Nano-pillar and nano-hole topographies
are among the first studies that have changed the morphology and proliferation of
mesenchymal stem cells to induce chondrogenic differentiation!?. In the same
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study, nano-grill topography significantly delayed chondrogenesis. The former
topographies showed high expression of type II collagen and hyaline chondrogenic
marker; however, the latter increased the expression of type 1 collagen,
fibrocartilage marker, and proliferation continued until 14 days eveniin
chondrogenic induction condition!?. Although controlling cell functions is,enabled
by nano-topography, it is challenging to mimic natural bio-interfaces.and tissues
since most contain structures that range in different sizes from nano<to micrometer
scales?%. In this regard, nano/microtopography, inspired by cell shapes, which has
been used for inducing differentiation to several lineages®-?7, was suggested to
induce chondrogenic differentiation of MSCs?®. Interestingly,sMSCs which are
cultured on the cell imprinted substrate expressed specified chondrocytes markers,
collagen type II, and aggrecan, while MSCs on the unpatterned substrate did not
express mature markers?®. Further, cell imprinted substrates based on spherical
chondrocyte shapes are used to induce dlfferentlatlon and transdifferentiation®. It
was shown that chondrocyte templates could successfully direct the spindle
morphology of MSCs and semifibroblasts toward'spherical morphology.
Moreover, the immunostaining results and gene expression analysis indicated a
high collagen type II expression level for both MSCs and semifibroblasts cultured
on cell imprinted substrate?®. Osteoblasts imprinted substrate was also investigated
and compared with the stemeells template. Although both groups approximately
pose spindle shape, AFM height-profile analysis revealed that osteoblasts
imprinted substrate imposed pyramidal geometry while stem cells contained a
cubical shape. MSCs differentiation to osteogenic lineage was also concluded from
gene expression analysis,dimmunostaining, and osteocalcin measurements?. It was
also reported that each. cell type has specific nano-topographies on imprinted
substrates 3°.

Similar studies raise the question of which ranges of topography could more
effectively regulate the stem cell behavior on these substrates. Our objective was to
evaluate the impact of spherical micro-pits with the patterns imprinted by spherical
and spindle like topographies. For this purpose, we utilized the chondrocyte
template.on poly-dimethyl siloxane (PDMS) together with silicon wafers
containing average chondrocyte dimensions developed by the photolithography
method. In fact, the features on these wafers only simulate the spherical-like shape
of chondrocytes, not the nano topography of the membrane. Chondrogenic
differentiation on chondrocyte imprinted substrates was compared with the silicon
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wafer substrates. Additionally, to investigate the role of nanoscale topography.of
these substrates on the ADSC differentiation, we used the C28/12 cells (human
chondrocyte cell line), which have spindle-like morphology and express eollagen
type II. Cell imprinting was performed, and the behavior of chondrogenic
differentiation of stem cells was evaluated on substrates containing the pattern of
these cells (Figure 1).

PDMS Molding ~

Adipose drived

C28/12 Cell line Mesan€hymal stem cell seeding

Substrates

Silicon Wafer

Figure 1: Schematic of the imprinted surfaces: Human C28/12 cell lines and chondrocytes are used to prepare the imprinted
substrates. In the next step, ADSCs are culturedion the prepared substrate. Further, we examine the potential of chondrogenic
differentiation of ADSCs on these substrates.

N

2. Materials and Methods

Cell isolation procedures were performed according to the protocols by the
National Cell Bank- Pasteur Institute of Iran and the ethical issues were approved
by the Pasteur Institute of Iran's ethical committee (IR.PIL.LREC.1399.048).

2.1. Human chondrocyte cell line culture

The human chondrocyte cell line (C28/12) was obtained from Iran's national cell
bank and cultured according to their protocols. C28/12 cells cultured at 37°C in 5%
COs containing DMEM/ Ham's F12 (Gibco, Switzerland) supplemented with 10%
EBS (Gibco) and 100 U/ml penicillin plus100 mg/mL of streptomycin (Sigma,
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USA). In five days, cells filled up to 80 percent of the culture plates and prepared
for fixation.

2.2 Rabbit chondrocyte isolation and culture

Rabbit chondrocytes were isolated according to the previously npublished
methods*-* and approved protocols of Pasteur Institute of Iran. Hyaline cartilage
slices were put in Petri dishes, washed for three times with PBS, and then chopped
into small pieces utilizing a scalpel blade. The slices were treated with trypsin-
EDTA for 30 minutes and digested in 0.08 mg/mL collagenase ty\pe IT (Sigma, USA)
for 16 hours in an incubator at 37°C and 5% CO,. Cells,pellets were obtained by
centrifuging the prepared suspension at 1300 rpm for 5 min and were transferred to
a culture medium, DMEM/ Ham's F12 with 10%FBS and.100 U/mL penicillin, and
100 pg/mL streptomycin in a humidified incubator (37°C, 5% CO,). The cells were

freshly fixed with 4% glutaraldehyde solution‘in. PBS after 24 h.
B

2.3. Fabrication of silicon wafers by photolithography

The chip was fabricated by general photelithegraphy steps, including photoresist
coating, exposure (MLA150, Heidelberg Instruments), developing and deep
reactive-ion etching (Alcatel AMS 200 SE) of the silicon wafer. Afterward, the
microlense method was applied by heating the silicon wafer at 110°C for 1 minute.

2.4. Cell-Imprinted Substrates fabrication procedure

After cells fixation in 4% glﬁaraldehyde solution in PBS (GLA, Sigma) at 4 °C for
24 h, two-part of the silicon elastomer kit (PDMS, SYLGARD 184, RTV, Dow
Corning, USA) were.mixed with a 10:1 ratio. The imprinting substrates was made
by pouring PDMS on.the:cells for 24 h at 37 °C. Further, the PDMS was separated
and heated at 400 °C for 10 minutes to cure completely. The prepared substrates
were characterized by scanning electron microscopy (SEM, Vega2 Tescan, Czech),
atomic force microscopy (AFM, NanoWizard 4a NanoScience, JPK Instruments
AG, Germany),-and optical profilometry (Veeco WykoNT 1100).

2:5. Isolation and Culturing of Adipose Derived Stem Cells (ADSCs)

As mentioned in the previously published methods, ADSCs were freshly isolated
from healthy human bodies according to the instructions at the National Cell Bank
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of Iran under their ethical committee approval®®. The same protocol was performed
to isolate ADSCs from the interscapular region of the rabbits**. Adipose derived
stem cells were cultured in (DMEM)/Ham’s F12 supplemented with .10% FBS
(Gibco) and 100 U/ml penicillin plus 100 pg/mL streptomycin (Sigma, USA) in a
humidified incubator (37°C, 5% CO,). 3 x 10° cells/cm? in 100 uL“ef culture
medium was seeded on each substrate. After 24 h, 500 uL/cm?fresh medium was
added to the well plates and incubated for two weeks. During this titme the medium

was changed every two days. o

2.6. Scanning Electron Microscopy (SEM) and Atomic Force Microscopy
Imaging (AFM)

The topography of the fabricated substrates and. the cells morphology cultured on
the imprinted substrates after 14 days were visualized by SEM (Vega2 Tescan,
Czech). Before imaging, cells were fixed in 4% glutaraldehyde solution for 45
minutes followed by dehydration with graded dilutions of ethanol (10-100% v/v).
Additionally, samples were coated in gold;yand SEM was carried out at various
magnifications.

The morphology and topegraphy of the substrates and cultured cells on samples
were also analyzed using "AFM contact mode imaging (NanoWizard 4a
NanoScience, JPK Instruments AGy Germany). The instrument software (JPKSPM
Data Processing) was usedto.analyze and obtain the cross-section height profiles
of the images.

2.7. Inmunofluorescence staining

Cells were fixed in 4% paraformaldehyde solution for 10 minutes and washed with
PBS (pH 74). Further;, Triton X-100 in PBS (0.2%) solution for 10 minutes at
25°C 1s used to permeabilize cells, followed by blocking with BSA for 30 minutes.
The primary antibodies used on the samples for 1 hour at 25°C are as follows:
mouse monoclonal collagen IT (Novus antibody), rabbit polyclonal collagen I. The
secondary antibodies are goat polyclonal Anti-Mouse and Anti-Rabbit and cell
nucleistained with Hoechst dye. Imaging was performed with Olympus
Microscope. Alcian blue staining was done to observe glycosaminoglycan
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formation in ADSCs cultured on different substrates. For this purpose, we prepared
alcian blue solution by dissolving alcian blue dye in 100 mL of 3% (w/v) acetic
acid. Further, the cells were fixed with 2% paraformaldehyde and incubated in the
prepared solution for 30 minutes. In the next step, cells were washed three times
with PBS and the samples were observed under a light microscope.

2.8. Gene expression analysis Dy

The real-time PCR was done to analyze the expression of chondrocytes markers.
Total RNA was extracted after 14 days of cultured ADSCs, on either the patterned
substrates or the TCP as our control using the YektaTajhiz Kit (Iran). RNA quality
was checked with a NanoDrop spectrophotometer (Eppendorf, Germany).Further,
genomic DNA was removed with DNase 1 (TaKaRa, Japan). Afterwards, the
complementary DNA (cDNA) was synthesized usingthe PrimeScript RT reagent kit
Kit (Takara, Japan). Finally, the real-time PCR assay was conducted utilizing SYBR
Premix Ex Taq Il (TaKaRa, Japan). Gene:expression amounts were acquired from
Ct values and normalized to GAPDH. For final comparisons, the expression levels
of each group were normalized toits TCPvalue.

2.9. Statistical analysis

Student’s t-test was used to compare two experimental conditions. Multiple
comparisons were dong¢ in @Graphpad Prism 8.0 (two-way ANOVA with Tukey’s
method). Significance was denoted when P values were less than 0.05. To
normalize gene expression analysis, ADSCs cultured on TCP, as our control, are
considered equal to 1.0 in'every condition. For quantifying protein expression (Col
IT), at least three random, non-overlapping fields in independent experiments were
taken at the'same magnification. Cells that showed positive reactions for Col II
antibody were counted using ImagelJ software. For better understanding the
difference of cell morphologies of the three different cell types (Adipose derived
stem cells, Chondrocytes and C28/12 cell line), automated ellipse fitted of ImageJ
software was used to measure major and minor axes lengths from the SEM images
(at'least three various images for each cell types), followed by calculating the
aspect ratio (major axis /minor axis) of the cell shapes.
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3. Results
3.1. Optical profilometry

oNOYTULT D WN =

9 Optical profilometry was used to scan the cell surface topography te depict,the
10 overall cell shape of a single chondrocyte (figure 2(a)). Based oni the chondrocytes
12 spherical shape and average diameter (between 7 to 30 um %), we have produced
the silicon wafer containing pits structure with a diameter of 18 um to enable us to
15 recapitulate the micro-scale topography of the overall cell shape:SEM image of the
17 wafer is shown in figure 2(b). Further, the pattern was4ransterred to PDMS. Figure
18 2((c)-(d)) show SEM and AFM images of the pattetned PDMS.

w
[ee)
!

VOOLOOOOOUC
LOLUOLOOO0UC
VOOLOLOOOQOC

51 Figure 2: a) optical profilometry of a single chondrocyte. b) SEM image of the wafer.
52 c) SEM image of the patterned PDMS. d) AFM image of the patterned PDMS.
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Calculating the aspect ratios of C28/12 cell line and chondrocytes clearly shows, that
the morphology of the cells are completely different and they are also distinctfrom
ADSCs which are further cultured on the imprinted substrates (figure 3). Further,
the AFM images of the individual cells prove that besides, the, micro=scale
topography, the cell surface includes nanometeric topographies,which we cannot
simply simulate on the wafers by the lithography method (figure).

ADSCs c28/12 Chondrocyte ~

M ADSCs
C28/12
Chondrocyte

Figure 3: SEM and AFM vertical deflectionfimages of theéxeells at first day of culture. al-a2) SEM and AFM vertical deflection images
of ADSCs. b1-b2) SEM and AFM vertical deflection images of C28/12 cell line. c1-c2) SEM and AFM vertical deflection images of
chondrocytes. d) The aspect ratio (mdjor axisf minor(axis) of the cell shapes.
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31 Figure 4: height profile and AFM images.eficells: a) chondrocytes, b) C28/12 cell line, c) silicon wafer
33 3.2. Microscopy observations

The SEM and AFM images indicaté an approximate hemispherical morphology of
37 rabbit-derived chondrocytes and. a spindle-like morphology of the C28/12 cell line.
38 Figure 5 confirmed the moerphology of the fixed cells used for preparing imprinted
40 substrates. Figure“4(c) and.5(c) show the AFM and SEM images of the prepared
4 wafer and the imprinted substrate. We further cultured ADSCs on the imprinted
43 PDMS substrates. Figure 3(a) shows the morphology of ADSCs at first day of
44 culture and figure.5 ((d)-(e)-(f)) indicate the morphology of the cultured cells after
14 days. It €an be coneluded that the substrate topography changed the morphology
47 of ADSCs.
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C€28/12 IMPRINTING

>

CELL IMPRINTED SUBSTRATES
SO0 0

YVU0LO0O0O00C

CULTURING OF ADSCs

ADSCs on Silicon Wafer \ADSCs on Chondrocyte Imprinted Substrate ADSCs on TCP

Figure 5: SEM images of thewpatterned substrates and ADSCs cultured on the prepared substrate. (a): SEM image of C28/I2
imprinted substrate (b) SEM“image.of chondrocyte imprinted substrate (c) SEM image of silicon wafer imprinted substrate (d)
ADSCs on C28/12 imprintéd substraten(€é) ADSCs on Chondrocyte imprinted substrate (f) ADSCs on silicon wafer imprinted
substrate.(g) Alcian blue(staining'ef ADSCs cultured on silicon wafer, chondrocyte imprinted substrate and TCP (control). Scale bar:
250um.

3.3. Differentiation of ADSCs on the prepared substrates

In our next step, we used qPCR analysis to investigate the effect of various patterns
on/gene expression profiles. Also, for comparing the results, we chose ADSCs
cultured on tissue culture polystyrene (TCP) as our negative control and C28/I2
cultured’on TCP as our positive control. As shown in figure 6, the expression levels
of chendrocyte markers, collagen I1, Sox9, and aggrecan, were increased in ADSCs
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cultured on chondrocyte (P <0.0001, P=0.0003 and P <0.0001 respectively against
ADSC:s cultured on the silicon wafer) and for C28/I12 imprinted substrate (P <0.0001,
P= 0.0097 and P=0.0006 respectively). It can be concluded that the“ordered) pits
pattern on the wafer cannot significantly increase the expression of specific
chondrocyte markers in compare with the imprinted substratés, altheugh they
imitated the spherical shapes of the chondrocytes on a micrometer scale.

~

Micro-Nano Topography Migro Tepography

@

Chondrocyte C28/12 cellline Silicon Wafer
b

8_
s ADSCs on TCP
A ADSCs on
05’_ < chondrocyte pattern
x 8 i l N Fkkk
$8 4 *Ax Kk mm ADSCs on C28/12 pattern
ag i | I:'I :“ Rk ADSCs on silicon wafer
g0 ] ‘ §e il — C28/12 on TCP
= 2‘1 M
o . i} -
* L. l L

0_

Col2 coL1 SOX9

Figure 6."a) Schematic of the three different samples chosen for gene expression analysis. b)
Gene expresstamanalysis of ADSCs cultured on the prepared substrates.

Alcian blue staining was done for confirmation of GAG deposition in ADSCs
cultured jon the cell imprinted substrate (figure 5 (g)). Also, to evaluate the
differentiation of stem cells toward chondrogenic lineage, collagen II; the specific
marker for hyaline cartilage chondrocytes; and collagen I were examined with
immunofluorescent staining. Figure 7 represents immunostaining results for
collagen I and collagen II markers for ADSC cells cultured on TCP on the first day
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((al) — (a2)), on the silicon wafer on day 14 ((c1) —( c2)), on C28/I12 imprinted
substrate on day 14 ((d1) — (d2)) and also C28/I2 cells on TCP at the first day as our
positive control ((b1) — (b2)).

The results suggested that ADSCs cultured on the C28/I2 imprinted substrate
expressed collagen II marker significantly in comparison with ADSCson the wafer

(P= 0.0039).

Col | DAPI

Col Il DAPI

Col | DAPI

Figure Zalmmunostaining of ADSCs and C28/12 cells cultured on different substrates: (a1) Immunostaining of ADSCs at one day
of culture on TCPfor Col | (green) and DNA (with DAPI, blue). (a2) Immunostaining of ADSCs at one day of culture on TCP for Col
Il (green) and DNA (with DAPI, blue). (b1) Immunostaining of C28/I2 cells at one day of culture for Col I (green) and DNA (with
DAPI, blue). (b2) Immunostaining of C28/12 cells at one day of culture on TCP for Col Il (green) and DNA (with DAPI, blue). (c1)
Immunostaining of ADSCs at 14 days of culture on silicon wafer for Col | (green) and DNA (with DAPI, blue). (c2) Immunostaining
0f ADSCs at 14 days of culture on silicon wafer for Col Il (green) and DNA (with DAPI, blue). (d1) Immunostaining of ADSCs at 14
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days of culture on C28/12 imprinted substrate for Col | (green) and DNA (with DAPI, blue). (d2) Immunostaining of ADSCsat 14
days of culture on C28/12 imprinted substrate for Col Il (green) and DNA (with DAPI, blue)

4. Discussion

Regeneration of cartilage tissue and chondrogenic differentiationof stem cells is one
of the challenging issues due to the complexity of hyaline cartilage, properties®.
Since stem cells such as adipose-derived MSCs or bone-marrow-derived MSCs are
among the primary sources for cartilage tissue regeneration, centrolling stem cell
behavior with different biophysical or biochemical propefties of the scaffolds is
crucial®’8, It has been demonstrated that the materials included in cartilage ECM,
such as collagen, hyaluronic acid, and chondroitin sulfate, can effectively alter stem
cell behavior2®. Varghese et al. cultured bone-marrow-derived MSCs on a three-
dimensional poly (ethylene glycol) (PEG) hydrogel scaffold composited with
chondroitin sulfate. They have demonstrated that.culturing the cells on the scaffold
could result in cartilaginous tissue production and enhancement of chondrogenic
gene expression compared to the PEG scaffold without chondroitin sulfate*.
Biophysical properties of the ECM also play a key role in regulating stem cell
behavior 4. Substrate biophysical properties such as topography and stiffness can
direct the differentiation of stem cellsitoward a specific lineage or maintain cells in
the desired phenotype24+5.“Advances in substrate patterning technologies have
enabled the production of various topographies in the micro and nanoscale, such as
grooves, pillars, and pits, \&hiCh can induce behavioral changes in cells such as
adhesion, migration, and differentiation due to interactions at the cell-substrate
interface's++7. Joergensen et ald used microstructures to enhance the proliferation of
chondrocytes. They showed that the micropillars sizes in the range of 2 and 4 pm
and 1 pm gap between them could efficiently increase cell proliferation and affect
cell behavior+,

Previouslyy 1t swas shown that cell imprinted substrates induce signals for
differentiation of stem cells towards the phenotype of the replicated cells?%4-0, In
the conventional imprinting process, the nano/microtopography of a cell membrane
is transferred to the PDMS substrate. Indeed, the imprinted PDMS can be introduced
as(a new substrate, a highly effective substitute for conventional tissue culture plates
for directing stem cell fate. In this article, different patterns were produced and
compared to investigate the effect of micro and nano topography of the cell's surface
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in inducing the chondrogenic differentiation of stem cells. In the first Step,. the
morphology of normal chondrocytes was analyzed by microscopy obseryations: The

SEM images showed the spherical morphology of freshly isolated chondrocytes,
approximately in the size of 16 to 18 micro-meters depending on the stage of cell
proliferation. The AFM images confirm the presence of nanoscale patterns on
substrates. Kamguyan et al. showed that each cell type haswits specific nano-
topography on imprinted substrates, which can be used as a fingerprint for
identification !. o
Based on these findings, we assume two different zones for simulation of the
chondrocyte membrane, including a micro-scale shape i the range of 5-30 um and
nanoscale features of 1-500 nm. However, precise fabrication of these zones
separately or together using conventional phote/cleéctron beam lithography
techniques is very difficult, expensive, and time-consuming. For this purpose, we
have tested if the spherical morphology of chondrgcytes were sufficient for the
successful induction of chondrocyte-specific/ markers in the imprinting process.
Therefore, two different cell types (hormal chondrocyte and C28/12 cell line) with
different morphologies (spherical and spindle) and similar expressions (collagen
type II) were selected. Also, we'made spherical pits with a similar diameter of
chondrocytes with the lithography teehnique to compare the effect of micro and nano
topography on stem cell differentiation.

The gene expression analysi§ confirmed the expression of collagen type 11 for stem
cells cultured on chondrocyte imprinted and C28/12 imprinted substrates. At the
same time, there was ng significant expression of collagen type II for stem cells
cultured on fabricated pits. The same results were obtained by immunostaining of
collagen type II.

This means that'the expression of collagen type II in stem cells is not solely
related to the microscopic morphology of replicated cells. Regardless of the whole
cell shape topography, the presence of antigens related topography on the cell
membrane induces the expression of collagen type II in stem cells.

Based on these results, we have successfully shown the effectiveness of the
nanometric features of the cell surface in directing stem cell fate. Therefore we
suggest that the cell imprinting technique, due to its ability to precise transferring
miero and nanostructures of the cell surface, can count as a cost-effective and
straightforward tool for the differentiation of stem cells toward specific lineage
without using complex lithography methods

Page 16 of 22



Page 17 of 22

oNOYTULT D WN =

AUTHOR SUBMITTED MANUSCRIPT - BMM-104960.R3

5. Conclusions

Although designing patterns by conventional lithography methods has been.shown
to enhance differentiation toward specific lineage, simulating suchh ECM. propetties
is hardly achievable. Because these methods cannot easily imitateé nanostructures
of the cell membranes, which is an essential factor for controlling cell'behavior,
here, we showed that two chondrocyte imprinted substrates (C28/12 ¢ell line and
primary chondrocyte) could induce chondrogenic differentiationsin”ADSCs while
pits with microscale features similar to spherical chondrocyte shape could not. Our
results suggest that the cell-imprinting method can effectively transfer nano and
microstructures of the cell surface, which is necessary. for preferable surface
topography simulation for inducing stem cell differentiation.
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