EONIKO KAI KAMOAIZTPIAKO NANEMIZTHMIO AOHNQN
TMHMA OAONTIATPIKHZ
NMPOrPAMMA METANTYXIAKQN zZMOYAQN
EIAIKEYZH 2THN OPOOAONTIKH

H EMIAPAZH TH2 ZYNEXOY2 YAPOZTATIKHZ MNMIEZHZ 2TH
AIAOOPOIMOIHZH TQON XONAPOKYTTAPQN

EFFECT OF CONTINUOUS HYDROSTATIC PRESSURE ON
CHONDROCYTE DIFFERENTIATION

Kwvotavtivog I'. Kapapeoivng

AOHNA 2016



EONIKO KAI KAMOAIZTPIAKO NANEMIZTHMIO AOHNQN
TMHMA OAONTIATPIKHZ
NMPOrPAMMA METANTYXIAKQN zZMOYAQN
EIAIKEYZH 2THN OPOOAONTIKH

H EMIAPAZH TH2 ZYNEXOY2 YAPOZTATIKHZ MNMIEZHZ 2TH
AIAOOPOMOIHZH TQON XONAPOKYTTAPQN

EFFECT OF CONTINUOUS HYDROSTATIC PRESSURE ON
CHONDROCYTE DIFFERENTIATION

Kwvotavtivog I'. Kapapeoivng

AOHNA 2016



EruBAENWY KaBnyntig yla TV ekmovnon thg MeTamTuxLakng AUTAWUATIKAC

Epyaoiag: Enikoupog KaBnyntrg k. HAlag Mrmitodvng

TplueAng Emtpornn yia tnv agloAoynon tng Metamtuylakng AutAwpatikng Epyaoiag:

1. Emikoupog KaBnyntng k. HAlag Mmutoavng
2. Enikoupn KaBnyntpla k. EAévn Baotapdn

3. AvarmAnpwtpla Kabnyntpla k. Eubupia Mnaodpa



Euxoplotieg

@Otavovtag oto TéAo¢ Tou SeUTEPOU KUKAOU omoudwv pou Ba nBsia va
eKPPAOW TLG ELMKPLVELG LOU EUXAPLOTIEG O OO0UC cUVEBAAQV Kal oThpLEav tn HEXPL

TWPO ETUOTNHOVLIKA Hou dtadpoun.

Oa nbsha va euxoplotiow Tov untelBuUvVo pou, Enikoupo Kabnyntn k. HAla
Mrutodvn yla tnv N6k tou urmootnpLen Kotd Tn SLAPKELD TWV ETWV TNG

HETATTUXLAKNG OV EKaiSeuong, KABWGE Kal yLa TNV EUNLOTOOUVN TIOU Hou €8€LEE.

Tig A€oV Bepuég euxaploTieg pou Ba nBela va ekppdow otnv Emikoupn
KaBnyntpla k. EAévn Baotapdn yla tnv MOAUTLUN EMLOTNUOVLKA TNE KaBodrynon, Tig
YVWOELG TIOU JOU PETEPEPE Kal T BonBeld TnG o OAEG TIG SUCKOALEG TTOU

TIAPOUCLACTNKAV KOTA TNV EKTTOVNON TNG Epyaciag autnc.

Euxaplotw W8laitepa tov KaBnyntn k. Anuntplo XaAalwvitn yLa Tig eOTOXES
TIAPOTNPAOELS TOU KOTA TNV KATAPTLON TOU TPWTOKOAAOU TNG SUTAWUATIKNG OV
epyoaoiag. Tig EINKPLVELG LOU EUXOPLOTIEG ETioNG Ba NBeAa va ansubuvw otnv
KaBnyntpla k. Mapyapita Mdkou, oton KaBnyntn k. Anuntplo XaAalwvitn, otov
Entikoupo KaBnyntn k. HAla Mmitodvn, otov Entikoupo KaBnyntr k. Artéotolo
TooAdkn kat oto Aéktopa K. lwond Zndakakn yla TG TOAUTIHES YVWOELG TIOU LOU

ueTédepav Kata tn Sldpkela tnG 18ikevong pou otnv OpBodovtikn.

Tnv euyvwpoouvn pou Ba nBeAa va ekdpdaocw otov Kabnyntr kat Ateubuvti
Tou Epyaotnpiou BloAoylkig Xnueiag tng latpikng 2xoAng ABnvwv k. ABavacto
MNanaBacileiou kat otnv AvamAnpwtpla Kabnyntpla kat umtevBuvn the Movadog
EuBlopnyxavikng tou Epyaoctnpiou BloAoyikng Xnueiag tng latpikAg ZxoAng ABnvwy
K. EuBupia Mmtacbpa yla TNV ukaLpia TOU Hou IPOcEDEPAV VA EKTIOVHOW TN
SuTAwpaTIKA pou gpyacia oto Epyaotrplo BloAoylkng XnUelag, yla TNV eUmiotoouvn
TIou pou €6&L€av Katd tn SLAPKELX TNG EPELVAC QUTAG KOL VLA TNV AVEKTLUNTN
BonBela toug. Tig Babutateg euxaplotieg pou Ba nBeha va ekppdow emniong otnv
AvarmAnpwtpla KaBnynitpla tou Epyaoctnpiou BloAoyikn¢ Xnueiag tTng latplkng

IxoAng ABnvwv K. XpLotiva Mutépn yLo TNV EMLOTNUOVLKN ETPBAEYP N, TNV OVEKTILNTN



kaBodnynon tng, tTnv umootnpLén Kot cUBOAN TNG oTNV eMAUCN TWV IPOPBANUATWV

TIOU QVEKUTITAV KATA TN SLAPKELD TNE SUTAWUATIKIG LOU EPYAOLOG.

Oa nbeha Bepuad va euxaplotiow tn Stdaktopikn doltrtpla Tou Epyactnpiou
BloAoyikn¢ Xnueiag ¢ latpikng ZxoAng ABnvwy K. Avaotaoia ImupomouAou yLa Tnv
KaBopLoTIk CUUPBOAN TNG OTNV EKMALBEVON OV OTLG TIELPOUATIKEG TEXVIKEG KL YLaL

TNV oUCLaoTIKN BONRBELA TNG KATA TNV EKTTOVNON TWV TELPOUATWY TNG EPEUVAC AUTNC.

‘Eva peyaho svuxaplotw otnv Kabnyntpla tou Epyaoctnpiov Baoikwv
latpofBLoloyikwy Emotnuwy tng Odovtlatplkig 2xoAng ABnvwv k. EuBupia Kitpdkn
yla TV moAUTLUN cUBOAN Kal BorBeLa KATA TN OTATLOTIKY EMEEEpyAoia TWV

OTIOTEAECUATWV.

Euxaplotw eniong to 16pupa Kpatikwyv Yrotpodilwv SLOTL N 0AOKARPWON TNG
gpyooiag autng €yve ota MAaiola Tng UAOMOLNONG TOU PETATITUXLAKOU
TIPOYPAULOTOC TO oToio ouyxpnuatodotndnke péow tn¢ NMpagng «Mpoypappa
xopnynong unotpodwv IKY pe Stadikaoia e€atopikeupévng afloAdynong akad.
£€1ou¢ 2012-2013» amnd nopoug tou E.MN. «Exnaibevon kat Ata Biou Madnon» tou

Eupwmnaikol KowwvikoU Tapeiou (EKT) kat tou EZMA (2007-2013).

AT TIG EUXAPLOTIEG pou dev Ba pmopoucav va amouoldlouV oL GUUGOLTNTEG
Kal ayarnuévol pou ¢dihot, AAdiva, AOSLa kat AAEENG. TOUG ELXAPLOTW ELALKPLVA yLa
™V avidloteAn Bonbela katl umooTPLEn KATA TN SLAPKELX AUTWV TWV ETWV, TTOU ATAV
KOOOPLOTIKEG yla val EEMEPAOTOUV aKOUA Kol oL Ttlo SUCKOAEG TtEPLOTACELS. H mapéa
kat dAia pag ékavav olaitepa opopdn tn Stadpopur Twv TeEAeVTAlWY TECOAPWY
etwv. KAeivovtag, Ba nBeAa va euxopLloTriow TNV OLKOYEVELA LOU Kal Toug piAoug

HoU Ttou eival SimAa Hou Kal Le €xouv otnpiéel otn HEXPL TwpA TTopEia pou.
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NepiAnyn

Mapd To yeyovog OTL OL NXOVIKEG SUVAELG ETTAYOUV T XOVOPOYEVEDH Kall
ennpealouv tn Slapoporoinon KoL TNV wpilpaven Twv XovépoKUTTApwWY in vitro, n
oAAnAouyia Twv BLOXNUIKWVY YEYOVOTWY TIOU AKOAOUBEL TNV AOKNON CUVEXWY

Suvapewv ota xovépokUTTapa mapapeVeL adleukpivioTn.

Zkomag: Na SiepeuvnBel n pakpompdBeoun enidpacn tng uSPOCTATIKAG MiECNC OTN
Sladopomnoinon Twv xovepoKUTTAPWY, OTIWG OVTLKATOMTPIIETAL OTA TPWTEIVIKA
enineda twv petaypadikwv napayoviwv SOX9 kat RUNX2. Eniong, va peletnBei n
uetaypadikn Spaoctnplotnta tou SOX9, mpoadlopl{opevn amod ta enineda

dwodpopuliwong tou (pSOX9).

YAwa kot M€00bog: 14,7kPa cuvexoUg uSPOOTATIKNG Ttieong aoknBnkav oe ATDCS
xovépokuTttapa yla 12, 24, 48 kal 96 wpeg UTIO oLVONKeEG KAAALEPYELOC OE AAO
OpeMTIKO UAKO 1 o€ BpemTIkO UAKO dladopormoinong mou mepleixe tvooulivn (ITS).
KaAAiEpyeteg ATDC5 kuttdpwv o€ ITS Bpemtiko UALKO yia ta idla Xpovika
Slaotpato amotéAecayv opadeg eAEyXou. 2 KAOE XpOVIKO OnUELO TOU EKAOTOTE
Telpapatog AdOnkav MPpwTeivika ekxuAlopata kot akoAoUBnoe avocoanotuwaon
katd Western yia tnv afloAdynon tTwv emméSwy Twv mpwteivwv SOX9, pSOXI kalt

RUNX2.

AnoteAéopata: MNapatnpnbnke peiwon ota enineda twv nMpwteivwv SOX9 kot
pPSOX9 HeTA amo aoknon LSPOOTATIKAC Tieong ota ATDC5 KUTTAPQ YL XPOVIKO
Staotnua 12 wpwv. AKOAOUBwWGE, Omo TO XPOVLKO CNUELD TWV 24 WPWV KL ETELTA, TA

TIPWTEIVIKA TOUC emineda onpeiwoav avénon. Avtiotpodo MpOTUTIO TapaTnPOnKe



yla to petaypadko mapayovia RUNX2, n ékbpaon tou omoiou €dpTaoes 0To PEYLOTO
EMINeSo HeTA oo 24 wpeg Tieong Kal KaAALEpyelag o ITS Bpentikd UAKO. Ta
XPOVLKA onueia twv 12 kat 24 wpwv Bewpolvtal Kplowa yla tn LeTtapoon Twy
XOVOPOKUTTAPWYV TPOG ta 0P Lpa otadla Stadopomoinong Katd Tnv aoknon
USPOOTATIKAC TtiEONG 08 CUVONKECG KAAALEPYELAG PE OTTAG BpETTIKO UALKO Kal pe ITS

OpemTikd UALKO, avtioToLya.

Tupnepacpata: Ta AMOTEAECUATA TNE EPEUVAG QUTHE TTAPEXOUV eVOEIEELG OTL N
OUVEXNC LOPOOTATIKN Ttieon emaAyeL TN Sladopomoincn Twv XovEPOKUTTAPWY LECW
HLOG OELPAC YEYOVOTWYV TIOU O€ HOPLOKO eTtimedo mepAapBavouy LETABOAEC OTOUG
petaypadikol¢ mapayovieg SOX9 kat RUNX2. Emiong, mpoteivetal éva BewpnTiko

UTIOBaBPO yLO TO UNXAVIOUO §PACNG TWV AETOUPYIKWV UNXAVNUATWY OTNV KALVIKN

pagn.

Né€erg — KAewdua: xovdpokuttapa, dtadopormnoinon, ubpootartikn nieon, SOX9



Summary

Background/Objective: Mechanical forces influence differentiation and maturation
of chondrocytes in vitro. However, the series of biochemical events following
continuous force application to chondrocytes remain largely unexplored. The aim of
the present study was to investigate the long-term effects of hydrostatic pressure
(HP) on chondrocyte differentiation, as indicated by protein levels of the
chondrocyte differentiation markers SOX9 and RUNX2 transcription factors, as well
as on the transcriptional activity of SOX9, as determined by pSOX9 levels.

Materials and Methods: ATDC5 cells were exposed to 14.7kPa of continuous HP for
12, 24, 48 and 96 hours at the presence of maintenance medium or insulin-
supplemented differentiation medium (ITS). ATDC5 cells cultured in ITS medium for
the same time-points served as controls. Cell extracts for each time-point and
experimental condition were assessed for SOX9, pSOX9 and RUNX2 protein levels
using Western immunoblotting analysis.

Results: Exposure of ADTCS cells to HP resulted in an early drop in SOX9 and pSOX9
protein levels at 12 hours followed by an increase at 24 hours onwards. A reverse
pattern relatively to SOX9 was observed for RUNX2 protein, which reached peak
levels at 24 hours of HP treatment of chondrocytes in ITS culture. Twelve and 24
hours of HP treatment were revealed as critical time-points for the transition of
chondrocytes towards late differentiation events.

Conclusions: Our data indicate that long periods of continuous hydrostatic pressure
stimulate chondrocyte differentiation through a series of molecular events involving
the induction of SOX9 and RUNX2 and provide a theoretical background for oro-

facial functional orthopaedics.

Key-words: chondrocytes, differentiation, hydrostatic pressure, SOX9



Introduction

Excessive research has been conducted on the physiology and mechano-
biology of mandibular condyle, underlining its significant role during growth and
development of the mandible. Mandibular condylar cartilage is an important growth
site of the mandible where endochondral ossification takes place in response to
environmental and extrinsic factors (Meikle, 1973; Moss and Rankow, 1968). Animal
and tissue experiments indicate that alterations in loading conditions on mandibular
condyle may influence proliferation and differentiation processes in chondrocytes
thus leading to modification of condylar growth and allowing treatment
interventions in various dento-facial discrepancies (de Sa et al., 2013; Chen et al.,

2009; Kantomaa and Pirttiniemi, 1996; Kantomaa et al., 1994).

Mechano-transduction constitutes the biological mechanism through which
chondrocytes respond to mechanical stimuli. Specifically, forces exerted on
chondrocytes stimulate mechano-sensitive structures, including integrins (Marques
et al., 2008; Zhang et al., 2008) and G proteins (Zhang et al., 2008) and result in
specific intra-cellular molecular signals (Papachristou et al., 2009; Wong and Carter,
2003). Upon activation of these signalling pathways, transcription factors and other
molecules which regulate the cell cycle and determine the differentiation status of
chondrocytes are either silenced or up-regulated, depending on the nature of
mechanical stimuli (Papachristou et al., 2009; Ramage et al., 2009; Papachristou et

al., 2006; Rabie et al., 2003).



In vitro experiments on condylar chondrocyte cultures reported that
hydrostatic pressure (HP) stimulates chondrogenesis events. Specifically, there are
indications that chondrocytes are rapidly directed into differentiation and
subsequently maturation, which in turn possibly leads to a down-regulation of

proliferation and growth (Basdra et al., 1994; Takano-Yamamoto et al., 1991).

SOX9 belongs to a large family of transcription factors (Wright et al., 1993) and
it has been proved to be a key-regulator of the initial stages in the chondrogenesis
pathway and chondrocyte differentiation (Akiyama et al., 2002; Lefebvre et al.,
2001). Its essential role has also been demonstrated during the embryonic
development and postnatal growth of mandibular condylar cartilage (Shibata et al.,
2006; Rabie and Hagg, 2002). Sox9 is expressed in the resting and proliferating
cartilaginous zones by pre-chondroblasts and chondroblasts (Shibata et al., 2006;
Lefebvre and Smits, 2005; Rabie and Hagg, 2002). Moreover, SOX9 prevents
chondrocytes from entering the maturation state and preserves them in the

proliferative stage (Amano et al., 2009; Saito et al., 2007).

In vitro experiments in chondrocytes have revealed that not only do
mechanical forces affect SOX9 protein levels but also regulate its phosphorylation
and subsequent activation. Upon phosphorylation, phosphorylated/activated SOX9
(pSOX9) translocates into the nucleus and activates the transcription of its target

genes (Haudenschild et al., 2010; Huang et al., 2000).

Furthermore, unequivocal evidence support that RUNX2 is a downstream

target of mechano-transduction pathways and its transcriptional activity has been



found to be modulated by forces exerted in bone and cartilage (Ziros et al., 2008;
Franceshi and Xiao, 2003). It is considered as a bone-specific transcription factor and
is required for normal skeletal development and intra-membranous bone growth
(Ducy et al., 1997; Otto et al., 1997). Additionally, Runx2 is essential for cartilage
development and mediates significant events during the late stage of
chondrogenesis (Inada et al., 1999; Kim et al., 1999). Particularly, Runx2 is expressed
by terminally differentiated chondrocytes in the hypertrophic cartilaginous zone and
is required for chondrocyte maturation (Enomoto-lwamoto et al., 2001; Takeda et

al., 2001; Enomoto et al., 2000).

RUNX2 is detected in a similar spatial pattern and exerts the aforementioned
functions in mandibular condylar cartilage as well (Rath-Deschner et al., 2010; Rabie
et al., 2004). In a recent study, changes in RUNX2 protein levels have been detected
upon exertion of HP for a short time-course on condylar chondrocytes, further
supporting that RUNX2 is a target of mechanical signals in mandibular condyle

(Huang et al., 2015).

The purpose of the present study was to investigate the long-term effects of
continuous hydrostatic pressure on SOX9 expression and activation as well as on

RUNX2 expression in ATDC5 chondrogenic cells.



Materials and Methods
ATDCS5 cell line and culture conditions

The chondrogenic cell line ATDC5 was purchased by Sigma-Aldrich (Sigma-
Aldrich, Germany). The cells were cultured in DMEM - F12 containing L-Glutamine
and Hepes (#LM-D1223, Biosera, Europe) supplemented with 5% fetal bovine serum-
FBS (Gibco, ThermoFisher Scientific, Germany) and 1% Penicillin-Streptomycin
mixture (10000U/ml of penicillin and 10000ug/ml of streptomycin, Gibco,

ThermoFisher Scientific, Germany).

For the experiments including culture of ATDCS cells in ITS differentiation
medium (ITS experiment and HP plus ITS experiment), ITS Liquid Media Supplement
(#13146, Sigma-Aldrich, Germany) was added to the standard growth medium as
previously described (Tare et al., 2005). Final concentrations in the medium were:
bovine insulin 10mg/L, human transferrin 5.5mg/L, and sodium selenite 5ug/L. The
differentiation medium was changed with fresh every two days. ATDCS cell cultures

were maintained at 37°C in a humidified atmosphere containing 5%C0,-95% air.

Hydrostatic pressure apparatus and experimental conditions

Continuous hydrostatic pressure (HP) was delivered to the chondrocyte
monolayer through our in-house-designed hydrostatic pressure apparatus
(“Continuous Flow Constant Pressure for cell culture” apparatus, manufactured by
Inspiration Technology Innovation, ITI, Athens, Greece, Figure 1A). The principles of
the pressure system implemented in the present study have already been described

and utilized by our research group and others for the study of the effects of HP upon
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chondrocytes (Basdra et al., 1994, Takano-Yamamoto et al., 1991). The apparatus
consists of the hydrostatic pressure delivery system and the heat-sealed chamber
(made of acrylic glass, Plexiglas) in which the petri dishes are placed. This chamber is
positioned inside the incubator in order to maintain the conditions of the chamber
stable (37°C in a humidified atmosphere containing 5%C0,-95% air). The hydrostatic
pressure delivery system controls the HP at the bottom of the petri dishes in the
chamber through strict regulation of the infusing and outgoing premixed gas flow
(Figure 1B). This system is capable of applying continuous HP to the bottom of the
petri dish of magnitudes ranging from approximately 4.9kPa (50g/cm?) to

approximately 14.7kPa (150g/cm?).

ATDCS cells were plated in 100mm petri dishes at a density of 2.2 x 10° cells
per dish. Passages p7-p10 were used for all experiments. When cells reached about
70% confluency, petri dishes were placed into the hydrostatic pressure apparatus
(HP experiment and HP plus ITS experiment). Following application of continuous HP
at a magnitude of 14.7kPa, cells were harvested immediately. For ITS experiment,
when cells reached 70% confluency, growth medium was changed to ITS
differentiation medium (changed every two days). For HP plus ITS experiment, when
cells reached the desired confluency, medium was changed to ITS differentiation
medium and 14.7kPa of HP was applied. For each time-point, cells from 3 petri
dishes were collected. Samples collected for HP experiment were 12 hours (12h)
untreated, 12h HP, 24h HP, 48h HP and 96h HP; for ITS experiment were 12 hours
(12h) untreated, 12h ITS, 24h ITS, 48h ITS and 96h ITS and for HP plus ITS experiment
were 12 hours (12h) control (ITS), 12h HP plus ITS, 24h HP plus ITS, 48h HP plus ITS

and 96h HP plus ITS.



| Apparatus not in operation |
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Figure 1. Illustration of the “Continuous Flow Constant Pressure” hydrostatic

pressure system

A) On the left, the heat-sealed chamber in which the ATDCS5 petri dishes are placed is
depicted. Temperature and pH levels are maintained stable by placing the chamber
inside a standard incubator. On the right, the hydrostatic pressure delivery system is
shown. B) The hydrostatic pressure (HP) at the bottom of the petri dish, where cells
are attached, equals to Pcejis= Patm*PdevicetPliquid; Patm: Atmospheric pressure
(1atm=1bar=1000mbar=1019.7g/cm2=101kPa); Pgevice: Pressure applied by the
apparatus by compression of the gas phase; Pjiquia: The pressure conferred to the
cells because of the liquid (growth medium). Since the growth medium has a density
of about p=1000kg/m3 and the cells are attached in a depth of h=1 mm=10">m, then
Piiquia=p™* g8* h=1000kg/m3 *9.81m/s” * 10'3m=0.1g/cm2=10Pa. Thus, Piiquid is very

close to zero and Peejis= Patm+Pdevice



Western Blot analysis

Protein extraction from ATDCS cells was performed using ice-cold Cell Lysis
Buffer (#9803, Cell Signaling technology, USA). The concentration of protein extracts
was assessed using the Bradford assay (#5000205, Bio-Rad, USA). Proteins were
separated by SDS-polyacrylamide gel electrophoresis and transferred into a
nitrocellulose membrane (Porablot NCP, Macherey-Nagel, Germany). Membranes
were blocked for 1 hour in room temperature in Phosphate Buffered Saline Tween-
20 (PBST) containing 5% non-fat milk and incubated overnight at 4°C with the
primary antibodies: anti-SOX9 (#AB5535, Merck-Millipore, Germany, 1:1000), anti-
phospho-SOX9 (pSer191, #SAB4503991, Sigma-Aldrich, Germany, 1:500), anti-RUNX2
(#sc-10758, Santa Cruz Biotechnology, USA, 1:750) or anti-B-ACTIN (#MAB-1501,
Merck-Millipore, Germany, 1:10000). The membranes were then incubated with the
HRP- conjugated secondary antibodies for 1 hour in room temperature. Goat anti-
rabbit IgG-HRP (#sc-2004, Santa Cruz Biotechnology, USA, 1:2000) was used against
SOX9, phospho-SOX9 and RUNX2 whereas goat anti-mouse IgG-HRP (#sc-2005, Santa
Cruz Biotechnology, USA, 1:2000) was used against B-ACTIN antibody. The detection
of the immune-reactive bands was performed with the ECL Western Blotting
Substrate (#32106, ThermoFisher Scientific, Germany). Relative protein amounts
were evaluated using Image J software (Abramoff et al., 2004) and normalized to B-
ACTIN levels. All experiments were performed 3 times and representative results of

one experiment are shown.
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Statistical analysis

Statistical analysis of the data was conducted with IBM SPSS Statistics for
Windows, version 22.0 (IBM corp., USA). One-way analysis of variance (ANOVA),
followed by Bonferroni tests were applied in order to perform multiple comparisons
among the results derived from each experiment. Values of p lower than 0.05 were
considered as statistical significant. The quantified data are presented at the graphs

as mean value + SD.

Results
Evaluation of SOX9 expression and activation patterns in ATDC5 cells
cultured in ITS differentiation medium

Evaluation of SOX9 and phosphorylated (p)/active SOX9 protein levels in ATDC5
cells cultured in ITS medium for 12, 24, 48 and 96 hours was performed by Western
immunoblotting (Figure 2A) followed by densitometric analysis (Figure 2B). A
significant decrease in SOX9 protein levels upon culture of ATDCS5 cells in ITS
differentiation medium for 24 hours was observed in comparison to cells cultured in
maintenance medium (p<0.05). When ATDCS5 cells were cultured in ITS medium for
48 hours, SOX9 significantly increased relatively to the 24-hour time-point (p<0.01)
and returned back to the levels of untreated cells. A significant drop in SOX9 was
detected again at 96 hours of ITS culture relatively to the 48-hour time-point

(p<0.01).

Regarding SOX9 activation, a significant increase was detected in the levels of

pPSOX9 upon 12 hours of culture in ITS medium, which was followed by a significant
11



decrease at 24 hours (p<0.01 and p<0.001, respectively). At 48 hours, pSOX9 protein
levels increased significantly to a maximum peak (p<0.001). At 96 hours, pSOX9
decreased in relation to 48 hours of ITS culture (p<0.001), but remained elevated

when compared to untreated cells (p<0.001) (Figure 2A, 2C).

12
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Figure 2. Effects of ITS treatment on SOX9 and pSOX9 levels in ATDC5 cells

A) SOX9 and pSOX9 protein levels following ITS treatment for the indicated time-
points. B) SOX9 protein quantification levels following ITS treatment. Mean values of
3 different experiments are presented. Statistical significance was evaluated
compared to control protein levels. C) pSOX9 protein quantification levels following
ITS treatment. Mean values of 3 different experiments are presented. Significance

levels were evaluated compared to control protein levels

*denotes p<0.05, ** p<0.01, *** p<0.001
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Effects of hydrostatic pressure on SOX9 expression and activation in

ATDCS cells

The effects of hydrostatic pressure on SOX9 and pSOX9 protein levels in ATCD5
cells for 12, 24, 48 and 96 hours were determined by Western immunoblotting
(Figure 3A) followed by densitometric analysis (Figure 3B). A significant decrease in
SOX9 protein levels was observed in ATDC5 cells upon exertion of 14.7kPa of HP for
12 hours in comparison to untreated cells (p<0.001). At 24 hours of HP expression
levels of SOX9 significantly increased and remained elevated at 48 and 96 hours as
well (p<0.001, respectively). At 96 hours SOX9 levels were reduced relatively to the
48-hour time-point, although they still remained increased in comparison to

untreated cells (p<0.01 and p<0.001, respectively).

The exertion of HP for 12 hours caused a significant drop in pSOX9 (p<0.001),
which was followed by a significant increase from 24 hours onwards (p<0.001,

respectively) (Figure 3A, 3C).
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Figure 3. Effects of HP treatment on SOX9 and pSOX9 levels in ATDCS5 cells

A) SOX9 and pSOX9 protein levels following HP application of approximately 14.7kPa
(150g/cm?) for the indicated time-points. B) SOX9 protein quantification levels
following HP application. Mean values of 3 different experiments are presented.
Statistical significance was evaluated compared to control protein levels. C) pSOX9
protein quantification levels following HP application. Mean values of 3 different
experiments are presented. Statistical significance was evaluated compared to

control protein levels

*denotes p<0.05, ** p<0.01, *** p<0.001
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Effects of hydrostatic pressure on SOX9 expression and activation in
ATDCS5 cells cultured in ITS medium

The effects of hydrostatic pressure on SOX9 and pSOX9 protein levels in ATCD5
cells cultured in ITS medium for 12, 24, 48 and 96 hours were determined by
Western immunoblotting (Figure 4A) followed by densitometric analysis (Figure 4B).
A significant increase in SOX9 was observed upon exertion of 14.7kPa of HP for 12
hours in ATDCS cells cultured in ITS differentiation medium in comparison to control
(ITS) cells (p<0.01). At 24 hours, the combination of HP and ITS treatments caused a
significant drop in SOX9 protein (p<0.001). At 48 hours, it began to increase in
comparison to 24 hours (p<0.01), but still remained at a lower level relatively to the

control cells (p<0.001), until 96 hours, when it returned to control levels.

The protein levels of pSOX9 exhibited a similar pattern throughout the time-
points (Figure 4A, 4C). An increase was initially identified, upon 12-hour combined
HP and ITS treatment, compared to the control (ITS) cells (p<0.001). At the 24-hour
time-point, pSOX9 showed a significant drop (p<0.001), followed by an elevation at

48 hours and a maximum peak at 96 hours (p<0.001, respectively).
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Effects of hydrostatic pressure on RUNX2 expression in ATDC5 cells
cultured in ITS medium

Since combined HP and ITS treatment exhibited significant effects on SOX9 and
pSOX9 levels we proceeded to investigate any possible changes in the levels of
RUNX2 protein by western immunoblotting. A decrease was noted upon exertion of
HP for 12 hours in ATDCS5 cells cultured in ITS medium, compared to controls (ITS)
(p<0.001). At 24 hours, RUNX2 expression was increased to a maximum level
(p<0.001). Thereafter, at 48 and 96 hours a decrease in RUNX2 levels was detected
relatively to the 24-hour peak (p<0.001). However, at 48 hours RUNX2 was still
elevated in comparison to control cells, whereas at 96 hours its expression reached

to a level lower than the controls (p<0.001, respectively) (Figure 4D).
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Figure 4. Effects of combined HP and ITS treatment on SOX9, pSOX9 and RUNX2
levels in ATDCS cells

A) SOX9, pSOX9 and RUNX2 protein levels following HP (14.7kPa) plus ITS treatment
for the indicated time-points. B) SOX9 protein quantification levels following HP plus
ITS treatment. Mean values of 3 different experiments are presented. Statistical
significance was evaluated compared to control protein levels. C) pSOX9 protein
guantification levels following HP plus ITS treatment. Mean values of 3 different
experiments are presented. Statistical significance was evaluated compared to
control protein levels. D) RUNX2 protein quantification levels following HP plus ITS
treatment. Mean values of 3 different experiments are presented. Statistical

significance was evaluated compared to control protein levels

*denotes p<0.05, ** p<0.01, *** p<0.001

18



Discussion

Mechanical stimuli have been well recognized as important modulators of
homeostasis and development of cartilage (O’Conor et al., 2013). Furthermore,
aberrations in mechano-transduction pathways have been implicated in the
pathogenesis of cartilaginous diseases, malignancies (Spyropoulou et al., 2015;
Papachristou et al., 2008) and cartilage degeneration as well (Papachristou et al.,
2008). Previous studies have focused on short-term effects of continuous hydrostatic
pressure (HP) on metabolic activity (Chen et al., 2007) and differentiation status of
chondrocytes (Huang et al., 2015; Basdra et al., 1994). In the present study we
investigated the long-term effects of HP on chondrocyte differentiation, as indicated
by protein levels of SOX9 and RUNX2 transcription factors as well as on the

transcriptional activity of SOX9, as determined by pSOX9 levels.

The pressure system used in our study resembles the in vivo situation of
mandibular condylar chondrocytes under hydrostatic loading application (Zhang et
al., 2006) and is considered an accurate and reliable method to transmit pressure
upon cells (Yousefian et al., 1995; Basdra et al., 1994; Takano-Yamamoto et al.,
1991). The magnitude of applied HP of 14.7kPa was selected based on previous data
(Basdra et al., 1994; Takano-Yamamoto et al., 1991) so that it would be well above

physiologically and well below pathologically exerted HP (Chen et al., 2007).

In the present study we utilized ATDC5 chondrogenic cell line (Atsumi et al.,
1990) which has been proposed as an appropriate model for in vitro study of

chondrogenesis and mechano-transduction signalling (Yao and Wang, 2013). Primary
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chondrocyte cultures are very difficult to handle because they terminally
differentiate under culture conditions (Engel et al., 1990) and it is not feasible to
passage them. Especially for mandibular condylar chondrocyte cultures, the condylar
cartilage tissue isolated from rats or mice is very small and a considerable number of
experimental animals are required in order to establish a culture, not to mention the
diverse population of cells within the culture presenting with different stages of
differentiation/maturation (Weiss et al., 1986). ATDC5 cells are characterized by
homogeneity, remain in a proliferative undifferentiated stage and preserve the
chondroprogenitor phenotype when they are cultured in a maintenance medium
(Shukunami et al., 1996). Most importantly, when ATDCS5 cells are cultured in a
medium supplemented with insulin, they are able to go through all the multiple
stages of differentiation and maturation (Shukunami et al., 1997; Shukunami et al.,

1996).

Therefore, we initially detected the protein levels of SOX9 and pSOX9 in ATDC5
cells cultured in ITS differentiation medium (ITS experiment). Contrary to previous
studies (Temu et al., 2010; Altaf et al., 2006; Shukunami et al., 1997), which aimed to
establish chemically-induced differentiation regimens for chondrocytes, we
investigated the effects of ITS culture throughout a short time-course in order to
identify the expression and activation pattern of SOX9 among time-points that

corresponded to HP experiments.

The determination of SOX9 protein levels, allowed us to evaluate the
differentiation status of ATDCS cells. In ITS experiment, SOX9 expression presented

with a biphasic pattern, with the significant decrease in the 24-hour time-point
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indicating a transition towards the late stages of chondrogenesis. Previous studies
reported a similar cyclic pattern with fluctuations in Sox9 mRNA levels in well
established chemically-induced differentiation schemes, but throughout longer time

periods (Temu et al., 2010; Altaf et al., 2006).

Regarding the effects of HP, a significant decrease in SOX9 protein was
detected at the 12-hour time-point followed by a significant increase at 24 hours
onwards. In a recent study, where the short-term effects of HP on primary condylar
chondrocytes were investigated, an elevation in SOX9 protein was detected upon 3
and 4 hours of pressurization (Huang et al., 2015). In our study, the HP applied on
ATDCS cells was almost 7 times lower, but it was implemented for a much longer
time-course indicating that both magnitude and duration of the HP affect
proliferation and differentiation of chondrocytes (Ragan et al., 1999). The
combination of HP and ITS treatments resulted in a reverse cyclic pattern of SOX9
expression, when compared to HP experiment. The initial increase probably
indicated an induction of the early events of differentiation, followed by the fall in

SOX9 levels reflecting the initiation of late differentiation events.

SOX9 transcription factor is a downstream molecule of mechano-sensitive
signalling cascades, including cAMP/PKA and Rhoa/ROCK pathways. During
mechanical stimulation of chondrocytes, these pathways regulate its transcriptional
activity via phosphorylation and subsequent nuclear accumulation of pSOX9 (Juhasz
et al., 2014; Haudenschild et al., 2010). To this direction, we investigated the protein
levels of pSOX9 (pSer181) in order to record SOX9 transcriptional activity. It has been

reported that pSOX9 protein levels increased upon 2 hours of dynamic compression
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of chondrocytes, while SOX9 protein remained unchanged. However, at 16-18 hours
of dynamic compression, SOX9 increased and pSOX9 exhibited an even greater
elevation (Haudenschild et al., 2010) indicating that pSOX9 is more readily
responsive to mechanical signals than SOX9. Indeed, in ITS experiment pSOX9

protein levels were subjected to greater alterations than SOX9.

The exertion of HP on ATDCS cells caused a significant decrease in pSOX9 levels
at an earlier time-point (12 hours) than in ITS experiment, which coincided with the
early decrease observed in SOX9 protein as well. However, the pattern that pSOX9
followed beyond the 12-hour time-point was rather different from SOX9 protein,
since a gradual increase was observed. It should be noted that any discrepancies
observed between pSOX9 and SOX9 patterns may be attributed to the ability of
SOX9 to auto-activate its expression, through an auto-regulatory loop which includes

both SOX9 and pSOX9 (Kumar and Lassar, 2009).

Collectively, the early drop detected in SOX9 and pSOX9 upon exertion of HP
indicated the induction of late chondrogenic differentiation events at 12 hours.
However, the combined experiment evoked changes in SOX9 expression and
transcriptional activity which represent both early and late differentiation processes
and rendered 24 hours as the critical time-point for the transition towards late

differentiation.

We then proceeded to assess RUNX2 protein levels under the combined
treatment of HP and ITS on chondrocytes. It has been reported that SOX9 down-

regulates RUNX2 and suppresses its activity (Yamashita et al., 2009; Zhou et al.,
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2006). Our results are in agreement with the aforementioned studies, since we
observed that RUNX2 protein levels followed an inverse pattern relatively to SOX9
protein throughout the experimental time-points. Specifically, at 12 hours a
significant drop in RUNX2 coincided with the increase in SOX9 levels. At the 24-hour
time-point, when SOX9 fell to a minimum level, RUNX2 levels reached to a peak,
confirming that 24 hours was the critical time-point for the initiation of the late

events of differentiation.

In consistency with our results, in vivo tissue studies which examined the
effects of soft and hard diet on mandibular condyle specimens have detected an
increase in RUNX2 and a decrease in SOX9 in the condyles that were subjected to
increased mastication forces (Papadopoulou et al., 2007; Papachristou et al., 2005).
Similar experiments have revealed that soft diet results in a higher proliferative
activity in the condylar cartilage, whereas hard diet induces maturation of the

condylar chondrocytes (Enomoto et al., 2014).

The results of the present study support the concept behind the applied
mechano-therapy in dentofacial orthopaedics, i.e., chin-cup use in the treatment of
mandibular prognathism. Based on animal studies, various appliances were designed
aiming to modify growth by promoting/accelerating (Tsolakis et al., 1997; McNamara
and Carlson, 1979) or restricting (Asano, 1986; Janzen and Bluher, 1965) the growth
potential of the mandibular cartilage. Moreover, mandibular advancement
promoted SOX9 expression levels (Rabie et al., 2003), while compressive forces

restricted growth in mandibular condyle (Teramoto et al., 2003).
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To this end, our findings further substantiate the notion that the functional
plasticity of condylar cartilage is mainly based on the mechano-responsiveness of
chondrocytes, which possess the capacity to respond in terms of differentiation
and/or proliferation to various mechanical signals. The exertion of continuous
hydrostatic pressure seems to induce late differentiation phenomena and potentially
enforces chondrocytes to enter into the maturation state more rapidly, not allowing

for much proliferation and finally leading to a smaller condylar cartilage.

Conclusions

Mechanical signals regulate chondrocyte cell cycle and metabolism. In our
study we investigated the prolonged effects of continuous hydrostatic pressure on
the protein levels of well-established markers of chondrocyte differentiation and
maturation. The patterns expressed by these molecules indicate that hydrostatic
pressure, either alone or combined with insulin-supplemented medium, stimulates
differentiation and induces a transition towards chondrocyte maturation. Further
research is required in order to elucidate the exact molecular pathways involved in
mechano-regulation of chondrocyte differentiation for future targeted

pharmacological approaches.
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ITS experiment - Densitometric analysis/Quantification of B-ACTIN,
SOX9 and pSOX9 — Normalization of SOX9 and pSOX9 to B-ACTIN

1,018194629

1,08179994
0,495718885
1,934574004

Actin Sox9#1 Sox9#2 Sox9#3 Sox9/Actin #1 Sox9/Actin #2 Sox9/Actin #3
Control (Untreated) 24.128 33.256  31.986 24.567 1,37831565 1,325679708
12h ITS 23.423  34.026  31.899 25.339 1,452674721 1,361866541
24h ITS 29.198 18.306  18.023 14.474 0,626960751 0,617268306
48h ITS 24.073  30.882 33.324 46.571 1,282848004 1,384289453
96h ITS 23.306 16.786  16.753 13.616 0,720243714 0,71882777

pSox9 #1 pSox9 #2 pSox9 #3 pSox9/Actin #1 pSox9/Actin #2 pSox9/Actin #3

Control (Untreated) 17326  17.831 17.129 0,71808687 0,73901691 0,709922082
12hITS 19.677 19.444 19.289  0,840071724  0,830124237 0,82350681
24h ITS 10.239  10.860 9.691  0,350674704  0,371943284  0,331906295
48h ITS 43.685 42.391  44.158 1,814688655 1,760935488 1,834337224
96h ITS 26.400 27.305  26.862 1,132755514 1,171586716 1,152578735

HP experiment - Densitometric analysis/Quantification of B-ACTIN,
SOX9 and pSOX9 — Normalization of SOX9 and pSOX9 to B-ACTIN

Actin Sox9#1 Sox9#2 Sox9 #3 Sox9/Actin#1  Sox9/Actin #2
Control (Untreated) 25.381 16.411 16.217 16.417 0,64659 0,63894
12h HP 24.094 8.893 8.718 8.551 0,36910 0,36183
24h HP 23.793 25.408 24.663 24.225 1,06788 1,03657
48h HP 25.908 26.633 26.225 26.191 1,02798 1,01224
96h HP 26.205 22.655 24.176 24.616 0,86453 0,92257

pSox9#1 pSox9#2 pSox9 #3 pSox9/Actin #1 pSox9/Actin #2 pSox9/Actin #3

Control (Untreated) 17.083 17.245 17.211 0,67306 0,67945 0,67811
12h HP 11.633 12.019 11.704 0,48282 0,49884 0,48576
24h HP 20.248  19.797 20.614 0,85101 0,83205 0,86639
48h HP 25.158  24.809 24.993 0,97105 0,95758 0,96468
96h HP 25.878  26.130 25.478 0,98752 0,99714 0,97226
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0,584227238

Sox9/Actin #3

0,64682
0,35490
1,01816
1,01092
0,93936



HP plus ITS treatment - Densitometric analysis/Quantification of B-
ACTIN, SOX9, pSOX9 and RUNX2 — Normalization of SOX9, pSOX9 and
RUNX2 to B-ACTIN

Actin Sox9#1 Sox9#2 Sox9#3 Sox9/Actin #1 Sox9/Actin #2 Sox9/Actin #3
Control (ITS) 23.423 34.026 31.899 25.339 1,452674721 1,361866541 1,08179994
12h HP+ITS 24.736 42.386  42.510 42.915 1,713534929 1,718547865 1,734920763
24h HP+ITS 24.627 8.331 8.657 8.449 0,338287246 0,351524749 0,343078735
48h HP+ITS 27.182 24.762 24.517 23.617 0,910970495 0,901957178 0,868847031
96h HP+ ITS 23.455 24,521  24.316 25.019 1,045448732 1,036708591 1,066680878

pSox9 #1 pSox9#2 pSox9 #3

pSox9/Actin #1 pSox9/Actin #2 pSox9/Actin #3

Control (ITS) 19.677  19.444  19.289 0,840071724 0,830124237 0,82350681
12h HP+ITS 32.750  32.602  32.415 1,323981242 1,31799806 1,310438228
24h HP+ITS 4.749 4.752 4.875 0,19283713 0,192958947 0,197953466
48h HP+ITS 24106  23.330 24.510 0,886836877 0,858288573 0,901699654
96h HP+ITS 38.395 39.317 38.201 1,6369644 1,676273716 1,628693242

Runx2 #1 Runx2 #2 Runx2 #3

Runx2/Actin #1 Runx2/Actin #2 Runx2/Actin #3

Control (ITS) 27.317  28.005  27.416 1,166246851 1,19561969 1,170473466
12h HP+ITS 20.402 21.430 21.561 0,82478978 0,866348642 0,871644567
24h HP+ITS 34.659 34.764  34.927 1,407357778 1,411621391 1,418240143
48h HP+ITS 35480 34.604  35.527 1,30527555 1,273048341 1,307004635
96h HP+ITS 25.324 24769  25.010 1,079684502 1,05602217 1,066297165
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ITS experiment — Normalized SOX9 levels

Between-Subjects Factors

One-way ANOVA and Bonferroni test

Value Lahel M
Groups 1,00 Control 3
(Untreated)
2,00 12h TS 3
3,00 24h TS 3
4,00 48h ITS 3
5,00 96h ITS 3

DependentVariable:

Tests of Between-Subjects Effects

Sox9overActin

Type Il Sum

Source of Sguares df Mean Square F Sig.

Corrected Model 2,0807 4 520 12,400 001

Intercept 17,031 1 17,031 406,221 000

Groups 2,080 4 520 12,400 ,0o1

Error 419 10 042

Tatal 19,530 15

Corrected Total 2,489 14

a. R Sguared = 832 (Adjusted R Squared = ,765)

Multiple Comparisons
Dependent¥ariable: SoxS9overActin
Bonferroni
_Mean 95% Confidence Interval
Difference (I-

(I) Groups (J) Groups J) Std. Error Sig. Lower Bound | Upper Bound

Control (Untreated)  12h TS -,0581 67149 1,000 - 6568 5407
24h TS ,660?1 6718 027 0620 1,2595
48h ITS -,2932 16719 1,000 -,B9139 3056
96h ITS 5663 16719 068 -0328 1,1651

12h TS Contral (Untreated) 0581 16718 1,000 -5407 6568
24hITS 7188 16719 018 1200 1,3176
48h TS -,2351 6718 1,000 -8338 3636
96h ITS 6243 16719 ,038 0256 1,223

24h TS Control (Untreated) - 6607 6719 027 -1,2585 -,0620
12h TS —,T1881 16718 016 -1,3176 -1200
48h ITS -9539 6719 002 -1,5627 -,3552
96h ITS -,0945 6718 1,000 - 6932 5043

48h ITS Control (Untreated) 2832 167149 1,000 -,3056 8919
12h TS 2351 67149 1,000 -,3636 8339
24h TS ,95391 16718 00z 35562 1,68527
96h ITS 8595 6719 004 2607 1,4582

96h ITS Control (Untreated) - 5663 18719 068 -1,1681 0325
12h TS -,62431 6718 038 -1,2231 - 0256
24h TS 0945 67149 1,000 -5043 6932
48h ITS —,85951 6718 004 -1,4582 -, 2607

Based on chserved means.

The errorterm is Mean Sguare(Error) = 042,

* The mean difference is significant at the 0,05 level.
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ITS experiment — Normalized pSOX9 levels

One-way ANOVA and Bonferroni test

Between-Subjects Factors

Value Label M
Timepoints 1,00 Cantral 3
(Untreated)
2,00 12h ITS 3
3,00 24h ITS 3
4,00 48h ITS 3
5,00 96h ITS 3

Dependent Variable:

Tests of Between-Subjects Effects

pSox8overActin

Type NIl Sum

Source of Squares df Mean Square F Sig.

Corrected Model 356727 4 893 1774150 000

Intercept 14176 1 14176 | 28161536 000

Timepoints 34872 4 883 1774150 ,000

Error oos 10 om

Total 17,753 15

Corrected Total 3577 14

a. R Sguared=,999 (Adjusted R Squared=,998)

Multiple Comparisons
DependentVariable: pSoxSoverActin
Bonferroni
_Mean 95% Confidence Interval
Difference (-

() Timepoints (J) Timepoints J) Stil. Erraor Sig. Lower Bound | Upper Bound

Control (Untreated)  12h1TS -1 g’ 01832 001 - 1745 -0433
240 1ITS ,3?08‘ 01832 ,ooo0 3052 4364
48h ITS -1,0810" 01832 ,000 -1,1466 -1,0154
96h ITS -,4300‘ 01832 ,ooo0 -, 48956 - 3644

12h ITS Control (Untreated) 1089 01832 001 0433 1745
24hITS 4797 01832 ,000 A4 5453
48h ITS -,QT21‘ 01832 ,ooo0 -1,0377 - 8065
96h ITS -3211° 01832 000 -, 3867 -, 2655

24h TS Control (Untreated) -a708" 01832 000 -, 4364 -,3052
12h TS -,4?9T‘ 01832 ,ooo0 -5453 - 4141
48h ITS -1,4518" 01832 ,000 -1,5174 -1,3862
96h ITS -,E[JDB‘ 01832 ,ooo0 -,BE64 -, 7352

48h TS Control (Untreated) 1,0810° 01832 000 1,0154 1,1466
12h ITS o721 01832 000 L9065 1,0377
240 ITS 1,4518‘ 01832 ,ooo0 1,3862 1,6174
96h ITS 6510 01832 000 5854 7166

96h TS Control (Untreated) 4300° 01832 000 3644 4856
12h TS ,3211‘ 01832 ,oo0 2555 3867
24hITS 8008 01832 ,000 7352 8664
48h ITS -,6510‘ 01832 ,ooo0 -, 7166 - 5854

Based on observed means.
The error term is Mean Square(Error) = ,001.

* The mean difference is significant at the 0,05 level.
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HP experiment — Normalized SOX9 levels

One-way ANOVA and Bonferroni test

Between-Subjects Factors

Walue Label M
Groups 1,00 Control 3
(Untreated)
2,00 12h HP 3
3,00 24h HP 3
4,00 48h HP 3
5,00 96h HP 3

Dependent Variable:

Tests of Between-Subjects Effects

Sox9overActin

Type Hl Sum

Source of Squares df Mean Square F Sig.

Corrected Model gg9g? 4 250 535,007 oo

Intercept 9,470 1 9,470 | 20285158 000

Groups 999 4 ,250 535,007 0o

Error 005 10 ,000

Tatal 10,474 15

Carrected Total 1,004 14

a. R Sguared = 995 (Adjusted R Squared = ,993)

Multiple Comparisons
Dependent Variable:  SoxSoverActin
Bonferroni
~Mean 95% Confidence Intarval
Difference (-

() Groups (J) Groups J) Stdl. Error Sig. Lower Bound | Upper Bound

Control (Untreated)  12h HP 2822 01764 000 2140 3454
24h HP -,3968' 01764 000 - 4599 - 3336
48h HP 3728 01764 000 -,4361 -,.3007
96h HP -,264TY 01764 000 -3279 -2015

12h HP Control (Untreated) -2822 01764 ,ooa -,3454 -,2190
24h HP - 6789 01764 000 - 7421 - 6157
48h HP - 5551 01764 000 - 7183 -5919
96h HP - 5469 01764 000 - 610 -, 4837

24h HP Control (Untreated) 3968 01764 ,a00 3336 4599
12h HP 6789 01764 000 61587 7421
48h HP 0238 01764 1,000 -0394 J0ETO
96h HP 13200 01764 000 0689 1952

48h HP Control (Untreated) ,3?29' 01764 000 3087 4361
12h HP 6551 01764 000 5919 7183
24h HP -,0238 01764 1,000 - 0870 0394
96h HP 1082" 01764 001 0450 A714

48h HP Control (Untreated) 2647 01764 000 2015 32749
12h HP 5469 01764 ,000 4837 6101
24h HP -,1320' 01764 000 - 18462 - 06849
48h HP -1082° 01764 001 -1714 -,0450

Based on observed means.
The errorterm is Mean Square(Error) = ,000.

* The mean difference is significant at the 0,05 level.
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HP experiment — Normalized pSOX9 levels

One-way ANOVA and Bonferroni test

Between-Subjects Factors

Walue Label M
Groups 1,00 Contral 3
(Untreated)
2,00 12h HP 3
3,00 24h HP 3
4,00 48h HP 3
5,00 96h HP 3

Tests of Between-Subjects Effects

DependentVariable: pSox8overActin

Type NIl Sum

Source of Squares df Mean Square F Sig.

Corrected Model 5278 4 132 1129 595 ,000

Intercept 9,437 1 9,437 | BOYGT 269 000

Groups 527 4 132 1128595 ,000

Error oot 10 ,ooo

Total 9,965 15

Corrected Total 528 14

a. R Sguared =998 (Adjusted R Squared=,997)

Multiple Comparisons
DependentVariable: pSoxSoverActin
Bonferroni
_Mean 95% Confidence Interval
Difference (-

() Groups (J) Groups J) Stil. Errar Sig. Lower Bound | Upper Bound

Control (Untreated)  12h HP B 877 o0es ] 1562 2193
24h HP -1 729 ooaa ,ooo0 -,2045 -1414
48h HP - 2876 00881 ,000 3191 -, 2560
96h HP -,3088' ooaa ,ooo0 -,3403 -, 2772

12h HP Control (Untreated) -1877 00881 000 -,2193 -, 1562
24h HP -,3607 00881 ,000 -,3922 -,3201
48h HP -,4?53' 0081 ,ooo0 -,5069 - 4437
96h HP - 4965 00881 000 -.5281 - 4649

24h HP Control (Untreated) 1729 ,0o8e1 000 414 2045
12h HP ,36[]?' ooaa ,ooo0 3281 3922
48h HP - 1146 00881 ,000 - 1462 -,0831
96h HP -1 358" ooaa ,ooo0 - 1674 -1043

48h HP Control (Untreated) 2676 00881 000 L2560 3191
12h HP 4753 0o8e 000 4437 5069
24h HP AN 46 ,0o8a1 ,ooo0 0831 1462
96h HP -0212 00881 370 -,0528 0104

96h HP Control (Untreated) 3088 ,0o8e1 000 2772 3403
12h HP ,4965' ,0oaa1 ,oo0 4649 5281
24h HP 1358 00881 ,000 1043 1674
48h HP 0212 0081 370 -,0104 0528

Based on observed means.
The error term is Mean Square(Error) = ,000.

* The mean difference is significant at the 0,05 level.
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HP plus ITS experiment — Normalized SOX9 levels

One-way ANOVA and Bonferroni test

Between-Subjects Factors

Value Label N

Timepoints 1,00 Control {ITS)
2,00 12h HP + TS
3,00 24h HP + TS
4,00 | 48hHP +ITS
5,00 96h HP + TS

o W L

Tests of Between-Subjects Effects

Dependent Variable: SoxSoverActin

Type Il Sum

Source of Squares df Mean Square F Sig.

Corrected Model 3107° 4 7T 101,473 oo

Intercept 16,911 1 16,911 | 2209342 oo

Timepoints 3,107 4 JIT 101,473 000

Error 077 10 oog

Total 20,094 15

Corrected Total 3,183 14

a. R Squared = 876 (Adjusted R Squared = 966)

Multiple Comparisons
DependentVariahle: SoxSoverActin
Bonferroni
~ Mean 95% Confidence Interval
Difference (-

([} Timepoints __ {J} Timepoints J) Std. Error Sig. Lower Bound | Upper Bound

Control (ITS) 12h HP + TS - 4236 07143 001 - 6794 - 1677
24h HP + TS ,9545' 07143 Qoo 6986 1,2103
48h HP + TS 4049 07143 002 1480 G607
96h HP + TS 2492 07143 058 -,00687 5050

12hHP +ITS  Control (ITS) 4236 07143 001 ABTT 6704
24h HP + TS 1,3780° 07143 000 11222 1,6339
48h HP + TS 8284 07143 ,000 5T26 1,0842
96h HP + TS 6727 07143 000 4169 0286

24h HP + TS Caontrol {ITS) -0545 07143 Qo0 -1,2103 -, GAB6
12h HP + TS -1,3780° 07143 Qo0 -1,6339 -1,1222
48h HP + TS - 5495 07143 ,ao0 -,8055 -,2938
G6h HP + TS -, 7053 07143 000 -, 9612 - 4495

48h HP + TS Caontrol (ITS) - 4049 07143 002 -, 6607 -,1480
12h HP + TS -g284" 07143 000 -1,0842 - 5726
24h HP + TS 5496 07143 000 ,2938 B055
96h HP + TS - 1557 07143 543 - 4115 1001

96h HP + TS Control (ITS) -,2492 07143 058 -,5050 L0067
12h HP + TS - 6727 07143 Qo0 -,9286 - 4169
24h HP + TS ,?053' 07143 ,ao0 4485 D612
48h HP + TS 1557 07143 543 -, 1001 A115

Based on ohserved means.
The errorterm is Mean Square(Error) = ,008.

* The mean difference is significant at the 0,05 level.
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HP plus ITS experiment — Normalized pSOX9 levels

Between-Subjects Factors

One-way ANOVA and Bonferroni test

Value Label T
Timepoints 1,00 Control {ITS) 3
2,00 12h HP + TS 3
3,00 24h HP + TS 3
4.00 4Bh HP + TS 3
5,00 96h HP + TS 3

Dependent Variable:

Tests of Between-Subjects Effects

pSoxSoverActin

Type Il Sum

Source of Squares df Mean Square F Sig.

Corrected Model 3,623° 4 (906 3602,351 ,0oo

Intercept 14,247 1 14,247 | 56665899 ,0oo

Timepoints 3,623 4 (906 3602,351 ,0oo

Error 003 10 000

Total 17,872 15

Corrected Total 3,625 14

a. R Squared = 894 (Adjusted R Squared = 959)

Multiple Comparisons
DependentVariable: pSoxSoverActin
Bonferroni
_Mean 95% Confidence Interval
Difference (-

([} Timepoints __ {J} Timepoints J) Std. Error Sig. Lower Bound | Upper Bound

Control (ITS) 12h HP + TS - 4862 ,01295 Qo0 -5326 -,4399
24h HP + TS ,636?‘ 01295 Qoo 5403 6830
48h HP + TS -,0510" 01285 028 -,0874 -,0047
46h HP + ITS 8161 01295 000 -,8624 - 7697

12h HP + TS Control (ITS) 4862 01295 000 4399 5326
24h HP + TS 1,1229" 01295 000 1,0765 1,1693
48h HP + TS 4352 01295 ,000 3888 4816
96h HP + TS -,3208" 01295 000 -,3762 -,2835

24h HP + TS Caontrol {ITS) - 6367 ,01295 Qo0 -, G830 -,5803
12h HP + TS 11229 ,01295 Qo0 -1,1693 -1,0765
48h HP + TS -6877 01285 ,ao0 - 7341 -6413
G6h HP + TS -1,4527" 01285 000 -1,48591 -1,4064

48h HP + TS Control (ITS) 0510 01295 028 0047 0474
12h HP + TS - 4352 01295 000 - 4816 -,3a88
24h HP + TS 6877 01295 000 6413 73
96h HP + TS - 7650" 01295 000 -8114 -7187

96h HP + TS Control (ITS) A6 01295 Qoo 7697 8624
12h HP + TS 3208 ,01295 Qo0 2835 3762
24h HP + TS 1,452?‘ 01285 ,ao0 1,4064 1,4951
48h HP + TS 7650 01285 000 7187 B114

Based on ohserved means.
The errorterm is Mean Square(Error) = ,000.

* The mean difference is significant at the 0,05 level.
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HP plus ITS experiment — Normalized RUNX2 levels

One-way ANOVA and Bonferroni test

Between-Subjects Factors

Value Label T
Timepoints 1,00 Control {ITS) 3
2,00 12h HP + TS 3
3,00 24h HP + TS 3
4.00 4Bh HP + TS 3
5,00 96h HP + TS 3

Dependent Variable:

Tests of Between-Subjects Effects

Runx2overActin

Type Il Sum

Source of Squares df Mean Square F Sig.

Carrected Model 5537 4 138 477,616 ,000

Intercept 20,230 1 20,230 | 69892093 ,0oo

Timepoints 553 4 138 477 616 ,0oo

Error 003 10 000

Total 20,786 15

Corrected Total 556 14

a. R Squared = 895 (Adjusted R Squared = 953)

Muitiple Comparisons
Dependent Variable: RunxZoverActin
Bonferroni
~ Mean 95% Confidence Interval
Difference (-

([} Timepoints __ {J} Timepoints J) Std. Error Sig. Lower Bound | Upper Bound

Control (ITS) 12h HP + TS 3732 ,01389 Qo0 2734 3729
24h HP + TS —,235[1! 01389 Qoo -, 2847 -1852
48h HP + TS 1177 01389 ,ao0 - 1674 - 0679
46h HP + ITS 1017 01389 000 L0604 1699

12h HP + TS Control (ITS) 3232 01389 000 -,3729 -, 2734
24h HP + TS -5581" ,01389 000 -,6079 -5084
48h HP + TS - 4408 01388 ,000 -, 4906 -,3911
96h HP + TS -2131" ,01388 000 -,2628 - 1633

24h HP + TS Caontrol {ITS) 2350 01389 Qo0 1852 2847
12h HP + TS 5581" ,01389 Qo0 5084 6079
48h HP + TS 173 01389 ,ao0 L0675 670
G6h HP + TS 3451 01389 000 2853 3948

48h HP + TS Control (ITS) 7T 01389 000 L0679 674
12h HP + TS 4408 ,01389 000 3911 4906
24h HP + TS -1173 ,01389 000 - 1670 - 0675
96h HP + TS 2278 ,01388 000 1780 2775

96h HP + TS Control (ITS) -0t ,01389 Qoo -,1599 -, 0604
12h HP + TS 2131 ,01389 Qo0 633 2628
24h HP + TS -,3451! 01389 ,ao0 -,3848 -,2953
48h HP + TS 2278 01389 000 - 2775 - 1780

Based on ohserved means.
The errorterm is Mean Square(Error) = ,000.

* The mean difference is significant at the 0,05 level.
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