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SUMMARY
Adipose tissue is being considered as having a potentiadeséar Mesenchymal stromal cells
(MSCs) known as Adipose Derived Stromal Cells (ADS@s}his work, ADSCs were isolated
from lipoaspirates of human donors and their multipadéiyt characterized by Histology,

Immunohistochemistry, Real time PCR and Western Blot.

Previous work by Leong TWD had shown that that activatragscription factor 5 (ATF5)
transcript level is down regulated during osteogenic diftimgon of ADSCs. A close family
member of ATF5, ATF4 is an important regulator of osteagdifferentiation in non-osteogenic
cell lines. To further understand the role of ATF5 geneF&Awas silenced with RNAI and its
effect on osteocalcin and ATF4 gene expression were neghsuth real time PCR. To study
whether ATF4 and 5 are binding partners, HEK 293 cells wergansfected with ATF4 and

ATF5 plasmids and visualized with co-immunoprecipitaiod immunoblotting.

It was seen that ATF5 silencing increased the exmmessf osteocalcin majority of donors'
ADSC populations. However, ATF4 expression was not unifpreitvated in all the donor

samples. Co-transfection and subsequent co-immunopetmpi with immunoblotting of cell

lysates with ATF4 and ATF5 antibodies demonstrated thatunoprecipitation of ATF4 results
in simultaneous pull down of ATF5 and vice-versa. Thisal e presumed that ATF4 might be
able to interact with ATF5 in vivo. Therefore, ATF5 mhgve a role during the osteogenic
differentiation of ADSCs by influencing the expressidnosteogenic markers like osteocalcin

through its interaction with ATF4.
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FABP expression in ADSCs following adipogenic induction. €kpression
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LPL expression in ADSCs following adipogenic induction. €Rpression
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Runx2 expression. The levels of the gene were quiterldiwei day 14
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ATF5 expression normalized to 3-actin. In all the das@mnples tested there
was a decreased expression of ATF5 in the gene silencedsgRi + ). The
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with some having a pronounced response at day 1, while ¢idne@rg) at day
2. (A representative graph of two donor samples are [siagn in Fig 5.2
A and B).

Osteocalcin expression normalized to R-actin. Theree w&gnificant
increases in the expression levels of osteocalcin ige¢me silenced groups
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expressions, at different time points, in the subnagoily induced @.1X Ri 4

and uninducedOX Ri +) groups which were gene silenced. The arrow heads
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Vector map of pcDNA6/His™ Avgww.invitrogen.com

Multiple Cloning Site (MCS) of pcDNA6/His™ Axww.invitrogen.com



http://www.invitrogen.com/
http://www.invitrogen.com/

Fig 6.3

Fig 6.4

Fig 6.5

Fig 6.6

Fig 6.7

Fig 6.8

Fig 6.9

Gel picture of the inserts obtained from PCR. ATF4 @8 A) corresponds
to the 1050 bp marker, while ATF5 corresponds to 900 bp marigi6(8
B). Running the two inserts on the same gel gave a clehsanction
between the two (Fig 6.3 C). The one on the left ésAfiF4 insert and the
one on the right is the ATFS5 insert.

Gel picture of the vector after Restriction Enzyme diges The uncut
vector (turquoise box) having a weight of 5200 bp, being supedcappears
to run faster than the cut vector (red box). This abee the linear structure
of the cut vector impedes its paces through the gel, caitsiogappear
lagging behind the uncut vector.

Gel picture of the inserts obtained from colony PCRFA insert (Fig 6.5 A)
within the plasmid corresponds to the 1100 bp marker, whileATF
corresponds to 950 bp marker (Fig 6.5 B)

Anti-His immunoblotting of the HEK lysates. The lysatobtained from
cotransfected cells (Fig 6.6A) show three distinct aatdmolecular weight
80, 70 and 65 kD. Cell lysates from single transfection WitR5 (Fig 6.6B)

show a single band at 65 kD. This can be compared toyHages from
untransfected control HEK cells (the areas shadedendiark blue box)
where no such bands could be seen.

Anti-ATF5 and anti-ATF4 immunoblotting of the HEK lysatél he lysates
obtained from cotransfected cells show a single prorhipemd at 65 kD
when immunoblotted with anti-ATF5 antibody (Fig 6.7 Ahmunoblotting
of the same blot with anti-ATF4 showed two prominentdsaat about the
same weight (Fig 6.7 B).This is in comparison to unfiessted controls
which do not show any such bands (the area shaded withrthblda box)

IP with anti-ATF4; WB with anti-ATF5. The immunobloty with anti-
ATF5 showed the presence of two prominent bands. Téedreband was at
molecular weight of 65 kD, while the lighter one wasuatund 32 kD.

IP with anti-ATF5; WB with anti-ATF4The immunoblotting with anti-
ATF4 showed the presence of a single, distinct band tdaular weight 35
kD.



CHAPTER 1

INTRODUCTION

A variety of clinical conditions require bone regenerat It has been estimated that
currently around 20 % of fractures fail to heal propevigréttas DA et al., 2002) which
include scenarios like non-union, malunion and trauma.e@tiyr the problem that is
being faced is finding an ideal source for repairing bosgué. The most widely used
method for bone reconstruction is autologous graft, lutvthume of tissue that can be
obtained is limited by complications like morbidity, &ng, infection and chronic pain

(Kimelman G et al., 2007).

Interest is currently being focused on the use of stdl® aed precursor cells for this
purpose. The two types of stem cells that are being &tdet use in tissue regeneration
are the Embryonic stem cells and the Adult stem célie. embryonic stem cells, being
restricted by ethical issues regarding their use, are kaetined and focus is shifting to

their adult counterparts (Yoon E et al., 2007).

One potential reservoir for a good source of multippsetult stem cells is the adipose
tissue. Cells isolated from these, known as ADSCsp@s Derived Stromal Cells) have
been shown to possess the property of being multipatehttan give rise to cells types

of different lineages, including those of the osteogeinieage (Zuk PA et al., 2002).



Compared to the other sources of adult stem cellsg ttedts are found in large numbers
and can be easily isolated and propagated in culture.

ADSCs have been quite well characterized by several group®th two and three
dimensional environments (Leong DT et al., 2006; MajumdK&ré¥l al., 2003). In vivo
experiments with osseous defects have shown theityabaliregenerate bone tissue,
which integrate well with the surrounding bony areas @aiin the properties of native
bone (Cowan CM et al., 2004). ADSCs transfected witbmdxnant bone morphogenic
proteins (BMP-2) have shown to have better viability and atgreability for depositing

calcific matrices (Dragoo JL et al., 2003).

With widespread application being projected for ADSCs ihapéedic and craniofacial
bone repairs, a better and clearer understanding ofméghanisms that dictate the
osteogenic differentiation of ADSCs is required ashsan understanding would thus

serve to develop applications with more specific targets.



CHAPTER 2

RESEARCH OVERVIEW
2.1 Aim and scope of the thesis
Differentiation and lineage commitment of precursorscate regulated by the expression
and repression of a number of genes. Preliminary triphsme analysis of ADSCs
collected from twenty patients in our group (PhD Thes$ikeong TWD) had shown that
following the process of osteogenic induction, severaleg in these cells undergo
varying folds of expression. Among them, one gene knowkil&%, otherwise known as
Activating Transcription Factor 5, was found to be cstesitly down regulated in all the
twenty donor samples analyzed. This was further vabidbyereal-time PCR analysis of
MRNA samples from these twenty donors (Fig 3.1). As loa seen in the figure, the
ATF5 levels drop drastically by the second day of inductioallifbut one, of the twenty

samples.

B uninduced B Day 2 induced O Day 28 induced

12

10

Fig 2.1 — Real time PCR for ATF5.Real time PCR done for ATF5 gene in twenty donor
samples which were analyzed by gene chip expression analysisnsistent drop in ATF5 is
seen by the second day in all, but one, of the samples studdabtéd from PhD Thesis of
Leong TWD)



ATF5 belongs to the family of cAMP binding elements havenéeucine zipper motif
(Hai T et al.,, 2001). ATF5 has been shown to have armraje in oligodendrocyte
differentiation and astrocytic maturation of neurag¢qursor cells (Angelastro et al.,
2005) and is seen in very high levels in glioblastoma icedsl However, no definite role

of ATF5 in bone formation has been shown to date.

As mentioned earlier, ATF4 levels are elevated inaidésts and they induce osteogenic
expression in non-osteoblast cells (Yang X et al., 2004bjch might imply that this
transcription factor could have a significant role on+osteoblast precursor cells like
ADSCs when they are exposed to osteogenic stimuli. Tdus coupled with our
observation of a consistent down regulation of its ifanmember, ATF5, during
osteogenic differentiation of ADSCs prompted us to consibat these two proteins
maybe interacting with each other in the uninduced, natiste of the ADSCs. When
ADSCs are exposed to an osteogenic stimulus, this ittamamight be altered, leading
to the gene expression pattern that was observed. Meoihtties ATF family have been
known to interact with each other and with a host béotranscription factors in forming
homodimers and heterodimers (Ameri K et al., 2007). ghinbe possible that ATF5
down regulation during osteogenic induction in ADSCs could itextlly or indirectly
coupled to ATF4 expression and accumulation in theds. h the contrary, it might
equally be possible that ATF5 down regulation during osteogeduction may be a

phenomenon that is totally independent and unlinked to ATF4&ssion.



However, we decided to explore the possibility that tlogorecal expression of the two
proteins might be linked to each other. The hypothesiig matter was that ATF5
might be interacting with ATF4 in uninduced native ADSKeeping the function of the
latter protein repressed, and that following osteogenic immluctihe ATF5 down

regulation that we have observed might serve to desgpine functions of ATF4.

As a preliminary step towards understanding these phenomenérst looked for the
expression of ATF4 in the same group of ADSCs which showednaistent down
regulation of ATF5. Subsequently, ATF5 expression waaé in ADSCs using RNA
Interference strategies, and the consequent expregatbern of osteocalcin, a unique
marker for osteogenic maturation, and ATF4 were seeordar to find if ATF4 and
ATF5 have the ability to interact with each otheresth two genes were cloned into
mammalian expression vector (0CDNAG6/His™ A vector) aaddfected into HEK 293
cells for protein expression. Co-immunoprecipitatiors wabsequently done on the cells

lysates to see if the two proteins were capable ofdntieig with each other.

2.2 Phase | of the study

As a preliminary run up to the major study, ADSCs weré&isd from the lipoaspirates
of patients coming to the hospital for cosmetic surgéhese cells were then assessed
for their differentiation potential by putting them thgh a round of induction with
osteogenic and adipogenic induction cocktails. The extentdliftdrentiation were

analyzed by histology, immunohistochemistry, real-tP@&R and Western blots.



2.3 Phase Il of the study

In this phase, a total of ten samples, representafithe group of ADSCs studied by
Leong TW David, were put through a 28 day induction period amtothal RNA isolated
to analyze the expression pattern of ATF4 gene undeeogehic influences.
Subsequently ATF5 gene expression were silenced in four AB#dples, by using
RNA interference (RNAI) techniques and the expressiorepatif ATF4 and one of the
most specific markers of osteogenesis, osteocalcia amalyzed. This phase would thus
give an indication as to how the expression pattefiSTé4 and osteocalcin would be

varying under the conditions of ATF5 repression and osteogshiction.

2.4 Phase lll of the study

In the final phase of the study, ATF4 and ATF5 genes ve@yaed in mammalian

expression vector and transfected into HEK (Human Eombe Kidney) 293 cell lines.

Once these cells expressed the two proteins, theyisaated and immunoprecipitation

was done on the expressed lysates to look for any ititardzetween the two proteins.



CHAPTER 3

BACKGROUND AND LITERATURE REVIEW

The advent of stem cells upon the horizon of moderdicime has opened up a new
arena for advancing the therapeutic potential of regaweranedicine. The unique

property of these cells have made them the subjecttehgve research, with the hope
that one day they could be used as a significant souremyotype of tissue replacement.
Though much hope is being placed upon stem cells as tineatdt cure for several

debilitating illnesses, a profound understanding of the foneddal mechanisms that
govern their growth and differentiation is needed leetbweir full therapeutic repertoire

could be exploited.

3. 1. Basic concepts about stem cells

Stem cells are a population of cells within the body havime unique capability of
multiplication while at the same time maintaining setiewal and being able to give rise
to tissues of different lineages when exposed to the cgditions (Grove J et al., 2004,
Pomerantz J et al., 2004). This ability of stem cellgite rise to a variety of native cell
types makes them promising candidates for the treatteerghronic ailments like
Parkinson’s disease, diabetes, stroke and cardiac dafeegently there are two well
defined types of stem cells — the embryonic stem cellsthe@ adult stem cells. The
embryonic stem cells, which are found within inner cellssnaf the embryonic

blastocyst, is by far considered the most appropriate typehvits into the definition of



the stem cells. Embryonic stem cells have been showoe totipotent i.e. having the
ability to differentiate into virtually any cell withirhé human body. They can be grown
in relatively large quantities in culture, which would matken ideal cell source for cell
replacement therapies. The versatility of the emtig/stems cells are mired by the fact
that their multipotency makes them rather unstable, ifgrniumorous masses when
grown in vivo. This combined with the ethical issues of primg these cells from live
embryos have curbed its popularity as a possible safrestem cells for therapeutic
purposes. Attention is now being focused on a distinct popualaf cells which are
found at various sites in the adult body, known as dlodt atem cells. The adult stem cell
type which has been well characterized and studied isdhmatopoetic stem cell (HSC).
Studies have shown that the HSCs are also multipoteintjate capable of being plastic.
Another type of adult stem cell which has been inlithelight for quite a while and is
being extensively studied for cell replacement therapiegbe Mesenchymal stem cell

variably called Mesenchymal stromal cells (MSCs).

3.2. Mesenchymal stromal cells for tissue regeneration

MSCs are cells of mesodermal origin and have beenrsthowe undifferentiated while

at the same time having the ability of self renewaharkable proliferation potential and
ability to differentiate into cell types of mesodernmahd non-mesodermal origin
(Pittenger MF et al., 1999). Although the bone marrow lees liraditionally considered
as the major source for MSCs, they can also bet&bfaom other sites like the cartilage,
epithelium etc, albeit, at much lower numbers. Thetihmdage differentiation potential

of these cells have been well established and they lbeen demonstrated to differentiate



into cells of both mesodermal and non- mesodermalmnolike hepatic , neuronal and
skeletal muscle types (Ong SY et al., 2006, Krabbe C €(Qfl5, Gornostaeva SN et al.,
2006). Banking on the bone marrow as the sole source osMBGherapeutic purposes
has its own limits. The major drawback is that propardof MSCs in the bone marrow is
very low — estimated at around one cell in 18,000 nucleatédpzs ml of bone marrow
(Muschler GF et al., 2001). This number could not be augmentemspirating more
bone marrow; as such a procedure would impede some oftteeimportant functions,
like hematopoesis and granulopoesis, which take plade ibdne marrow (Muschler GF
et al.,, 2001). The morbidity and complications associatéu tapping the bone marrow
for these cell aspirates have also contributed tee¢hech of alternative sources for adult

stem cells.

3.3. Adipose tissue as an alternative source of MSCs

Another important source of MSCs which could be tappgdifsiantly without much
morbidity to the patient and holds promise in tissue regpa regeneration is the adipose
tissue. Adipose tissue is a mesoderm derivative and comtamsed stromal population,
encompassing microvascular endothelial cells and eveontsnmuscle cells and a type of
precursor cells called Adipose tissue derived cells (B®JZuk PA et al., 2001). These
cells have variably been known as Processed Lipoasyirtats), adipose tissue derived
progenitor cells, adipose derived stem cells etc, all titepa lack of consensus among
the taxonomists. These cells are isolated from thipoae tissue removed during the
process of liposuction done for cosmetic purposes and pabéife in large numbers

under standard conditions of culture (Zuk PA et al., 200X®igAificant edge these cells



possess over their bone marrow counterparts is takitively larger proportion in the
adipose depot. ADSCs are known to exist in a propodi@mound 2 % of the nucleated
cell population in adipose tissue (Strem BM et al., 2006jh the earlier mentioned
frequency of precursor cells in bone marrow, a typicale marrow aspirate would not
yield more than 2 x TOMSCs in a mature adult (Muschler GF et al., 2001). This
contrasts to the estimated frequency of roughly 1 %M8Cs obtained from a typical
harvest of around 200 ml of adipose tissue, obtained durirayraah liposuction under
local anesthesia (Aust L et al, 2004). Thus, the adigsseie has a phenomenal
advantage over the bone marrow in terms of the magnafidevailable MSCs. Apart
from this feature, the ADSCs have been shown to pessuiltiineage differentiation
potential, with capability of differentiation into nigle lineages (Ashjian PH et al.,
2003; Mizuno et al., 2002). Several groups have shown that ARDSCs are exposed to
a fixed combination of 1, 25 Dihydroxycholicalciferdd, — glycerophosphate and
ascorbate (Zuk PA et al.,, 2002), they begin to express msadéeosteogenesis, like
collagen |, osteocalcin, CBFA -1 and alkaline phosphatdseer the influence of a
different induction medium, they begin to express marldadrcartilage formation like

collagen Il, aggrecan and SOX 9 (Bernardo ME et al., 2007).

Not only have ADSCs been shown to differentiate inteeothesenchymal tissues like
liver (Talens-Visconti R et al., 2007) and pancreas (Tirkpet al., 2006) , but also have
the capability to cross the lineage barrier and fortodsrmal tissues like neurons

(Ashjian PH et al., 2003)

10



3.4. Characteristics of ADSCs

The ADSCs are very much similar to their counterparthie bone marrow in terms of
phenotypic qualities and expression of certain cell sarfaarkers (Minguell JJ et al.,
2001; Gronthos S et al., 2001). ADSCs also have the prodeptgstic adherence, which
forms the basis of the usual method of isolating thEmen then, the populations of
ADSCs are fairly heterogeneous (Barry FP et al., 200d Yfas property alone cannot be
used for the screening and purification of MSCs. One ofhtéthods to enrich a native
cell population is to look for surface markers, which wiseneened in certain fixed
combinations, could be used as a unique signature for distficpopulations. The
ADSCs are uniformly positive for some of the hallmark@®i®ceptors like STRO -1 and
CD 166 (Majumdar et al., 2003). The STRO-1 is a marker fdiffienentiated MSCs and
is lost once the cells are committed towards theogsteic pathway (Bruder SP et al.,
1997), while CD 166 has been postulated to play a significdat ino osteogenic
differentiation (Bruder SP et al., 1998). The ADSCs unilgrexpressed HLA- ABC,
CD 90 (Thy-1), CD 29 (integripl) which is an important marker for angiogenic
potential, CD 49b and CD 49 d, both of which belong to titegrine group of
molecules. These molecules have been best studied botie marrow MSCs and when
occurring in a certain combination over the cell surfadksy could interact with
components of the extracellular matrix like fibromecfa3pl), collagen ¢1p1 and
a2Bl),laminin @6B1 anda6B4) and vitronectin (Verfaillie et al., 1994). In ADSCs too
they are essential for the development of the eslitdar matrix and cell adhesion (Li TS
et al., 2005; Katz AJ et al., 2005; Strem BM et al., 2005).fUihetion of these receptors

molecules in MSCs are not just restricted to adhesimough their interaction with

11



extracellular matrix proteins like laminins, collageitronectin, they play a key role in
regulate cell proliferation and directing differentmati(Klees RF et al., 2005; Salasznyk

RM et al., 2004).

Other molecules expressed by ADSCs include, CD 55; CD 5€Bnti05. On the other
hand they do not express any of the markers of the beoetic lineage like CD 45 or
CD 31 (De Ugarte DA et al., 2003) or other markers of angegsnike CD 106

(VCAM-1), CD 117 (c-kit), CD 133 and ABCG2 and HLA-DR. Whileid may be true

of the ADSCs which have been in culture for a while, sagroups have shown that
ADSCs which are freshly harvested from the adipose tisaue an apparently different
profile. These cells possess the hematopoetic marker€D 34, CD 133 and ABCG2,
which decrease after culturing for 3 to 5 days. Others shave/n that CD 34 is a marker
predominantly seen in the mature fraction of the adipopgtaulation (Festy F et al.,

2005).

ADSCs are similar to the bone marrow MSCs in meagatmmunomodulatory effects.
They have been shown to secrete soluble factors timdresss the proliferation and
inflammatory cytokine production in T cells and evemtcol the GVHD (Graft versus
Host Disease) in allogenic bone marrow transplamtati@nimal models (Yanez R et al.,
2006). They constitutively produce certain cytokines liké& )11, SCF (stem cell factor),
LIF (leukemia inhibitory factor) M-CSF and G-CSF when gnoww normal media, but
the expression profiles of these cytokines change whewrgrn the presence of

substances like dexamethasone (a potent osteogenic indnddt) 1 , indicating that the

12



cytokines produced by these stem cells could determinexteet eof differentiation and

growth potential of them (Haynesworth SE et al., 1996).

3.5. Biological and molecular mechanisms of osteogenic differgation

Bone formation has been thought to occur by lineage spddierentiation of a pool of
precursor cells, which under the influence of environmeatal molecular signals
commit themselves to this particular lineage (Caplan A994). These multipotent
precursor cells were first shown to exist in bone mar(Pittenger MF et al., 1999), but
cells with similar properties were identified in the adpdissue (Zuk PA et al., 2001)
and have become well established source of cells fog besue engineering. Although
ADSCs are being used extensively for bone regeneratiermtitecular mechanisms that
govern their differentiation towards the osteogenicage have not been completely
elucidated and are just beginning to be unraveled. The ¢ali@ence indicating the
probable existence of bone forming cells in adipose tisauo® from observing patients
with the disorder — progressive osseous heteroplasia endition in which calcific
nodules were seen in the subcutaneous tissue (Shore &M2002) Since then, several
groups have shown the ability of adipose tissue derivedupm@c cells to express
markers of osteogenesis. In the native adipose tisdwesibeen shown that adipogenic
differentiation is initiated by two transcription facs, C/EBPRR and C/EBP These
factors activate the expression of PRBARvhich finally drives the preadipocytes into

mature adipocytes (Wu Z et al., 1996; Tontonoz P et al., 1994).
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Molecular events that converge towards directing thier@iftiation of ADSCs to the
osteogenic lineage also decrease their concomitant tapdor adipogenic
differentiation. Signaling pathways mediated by BMP-2 sisch a regulator of
osteogenesis and exposure to BMP-2 signals repressesyadiptifferentiation and
promotes expression of osteoblast markers in preadim¢Stallington J et al., 2002).
These patterns follow the established norm that theafmedtal criteria for a cell's
commitment to a particular lineage of maturation is Hmtivation of one set of
transcription factors and the repression of anothefBlack BL et al., 1998; Karsenty G

et al., 2002).

A proper understanding of some of transcription factovslved in osteogenesis could
serve as a template for charting out the pathwaysifoilar events in ADSCs. Bone
formation involves the differentiation of precursor Igetowards the formation of
osteoblasts. The osteoblast is primarily consideregtieabody’s bone-forming cell and
differentiation along the osteogenic lineage involves #equential expression of
osteoblast-specific markers like osteocalcin (Ducy Ralet 1997), bone sialoprotein
(BSP) and a variety of non-specific bone matrix pratdike osteopontin, alkaline
phosphatase etc. (Owen TA et al., 1990). The key transciptiegulator in osteoblast
differentiation is the factor called Runx2 which is othieeaknown as Cbfal (Ducy P et
al., 1997). Cbfal/Runx2 are homologs of the Runt familyafdcription factors found in
the Drosophila (Gergen JP et al, 1985) and is widely idenexi as the master
transcription factor mediating osteogenesis (Ducy #.£1997) in progenitor stem cells.

Runx2 knockout mice have been shown to display a completence of mineralized
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bone, while the cartilage formation is not affectearftori T et al., 1997). The target
genes for Runx2 are those expressed by the mature osteotdasely, osteocalcin,
osteopontin, BSP and collagen alpha I. Forced expressdicCbfal in non-osteoblast
cells also resulted in the expression of the abovéersrall demonstrating the central

role of this transcription factor (Ducy P., 2000).

One of the most important pathways that has been priovénave a profound effect in
modulating osteogenesis the one mediated by BMP-2 (Boowphdgenic Protein-2).
BMP belongs to the TGB super family and were initially discovered by the abibfy
bone extracts to ossify tissues in non-osseous s$tegafh BL., 1996 b). BMPs not only
influence postnatal bone remodeling, but they have bHeanrsto play a significant role
in skeletal patterning during the embryonic stage (Hogan B196 a). BMPs induce the
formation of both bone and cartilage, thereby plach&rtpossible point of modulation
on a common skeletogenic precursor cell (J Sodek etBPs mediate their effects
broadly through two specific transmembrane receptorsP Biteptor types | and II.
Following the binding of the ligands to the receptors, tlweylergo dimerization,
resulting in activation of the receptor’s intrinsierise/threonine kinase mechanism,
which phosphorylates the receptor specific Smads (Chexn al., 2004). Intracellular
Smad 1 and Smad 5 then migrate to the nucleus and redwdateanscription of genes
involved in promoting osteogenesis like Cbfal/Runx2 (Hanaial.etl999) and DIx5
(Lee MH et al., 2003) which act directly on downstreangetigenes like osteocalcin,
osteonectin and collagen either by itself or, as maeently shown, through a

downstream regulator like osterix.
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The exact mechanisms by which osterix regulates ostesgems unknown, but it
functions downstream to Runx2 (Kobayashi T et al., 2008)s Transcription factor
belongs to the Sp gene family, which like other membérthis family, contains three
zinc finger DNA binding domains (Philipsen S et al., 1999). iimgortance of osterix
was also shown by the total lack of bones in osterikmice. Osterix has been thought
of as factor which acts at the juncture of osteo-dhompathways and directs precursor
cells away from chondrogenic and towards the osteogemiade (Nakashima K et al.,
2002). Both Runx2 and osterix levels are elevated by BMP-2rtegdt pointing out to a
region of convergence here (Kobayashi T et al., 2005). BM#one is not the only
mediator which affects Runx2 expression. Other fadikesFGF (Fibroblastic Growth
Factor) and TGF-B 1 have been proposed as transcriptoeadiators of Runx2 in the

early stages of cellular commitment to differentiati@moi KY et al., 2005)

Yet another important regulator of osteogenesis is thenaof Vitamin D;. Though
Vitamin Ds has an effect on increasing the intestinal absorptioboth calcium and
phosphorous, it also has a direct effect on regulastgogenic transcription, through the
action of its receptor VDR (Christakos S et al., 2008)s receptor has functional DNA
binding domain, through which it mediates its action witthie cellular nucleus and a
Ligand binding domain, which binds to other transcripticctdes like RXR, DRIP, and
CBP etc. Among them, RXR plays a significant role inrpoting VDR accumulation
within the nucleus and prevents its export from the sdpnefdr K et al., 2002). The
complex of VDR-RXR and other co-factors bind to VDRE téviiin D Response

Elements) on the DNA and trigger transcription of intpot osteogenic genes like
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osteocalcin (Price PA et al.,, 1980) and Cbfal/Runx2 (Drisst Hl., 2002). Other
transcription factors which have been demonstrated to haveffect on osteoblast
differentiation include Msx1, Msx 2, Twist, estrogen andragens (Kobayashi et al.,

2005).

One particular gene, known as ATF4, has the abilityinduce osteogenic gene
expression among non-osteoblast cells (Yang X eR@d4a and b), which puts it along
with Runx2 and osterix as the only other two genes whate so far been shown to
possess this property (Karsenty G et al., 2002) . ATF4bbas known to regulate the
terminal differentiation of osteoblasts and its deficly has been implicated in the
pathogenesis of Coffin-Lowry syndrome, a condition inchithere is mental retardation
associated with skeletal abnormalities (Yang X et al., 200Aaosteoblasts, ATF4 is a
substrate required for the phosphorylation of RSK2 enzymk daficiency of this
phosphorylated form of RSK2 has been implicated in @dféwry syndrome. ATF4,
also known as cREP2 (c-AMP response element protein RXREB67 or C/ATF
belongs to the family of cAMP binding elements having sidb&ucine zipper motifs
(bZIP). They interact with DNA through these domaind have been known to dimerize
forming homodimers, heterodimers or even both (Hai Talet 1991). A few other
members of this large family include ATF1, ATF3, ATF6 andFAT(also known as
ATFX), all of which have similar functions in mediagi cellular homeostasis (Hai T et

al., 2001).
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ATF4 was initially thought of as being a transcriptioregdnessor (Karpinski et al., 1992),
however it also has significant transcriptional aaion functions in a variety of tissues.
Some of the genes that are induced by this transcriptcorfancludes, RANKL and
Runx2 (Ameri K et al.,, 2007).Though ATF4 is not a specifianscription factor
restricted to the osteoblasts, its relevance in bormaafion cannot be undermined, as
targeted disruption of this gene in mice causes osteap@nodg lethal dwarfism (Yang X
et al., 2004). Like Runx2, ATF4 also binds to promoter regionstéazalcin. While
Runx2 binds to the OSE 2 element of the promoter, ATF4 himdsspecific cis-acting
element known as OSE1 to trigger osteocalcin expreg3i@o G et al., 2005). The
exact roles played by each of these proteins in oskdncregulation have not been
clearly outlined, but it has been shown that ATF4raites co-operatively with Rux2 in

mediating osteocalcin expression.

ATF4 has a ubiquitous genetic expression, being exprassadvariety of tissues like
brain, kidney, heart, testis etc. and has a significales in hematopoesis (Masuoka HC
et al., 2002) and differentiation in male external gemitgtischer C et al., 2004). Though
the genetic expression of this transcription factevigespread, the active protein form of
ATF4 is found only in the mature osteoblasts (Yang X et 2004). The specific
accumulation of ATF4 in osteoblasts has been thoughtetalu® to the absence or
decreased expression @FTrCP, an ubiquitin mediated proteasomal pathway, in
osteoblasts. This pathway functions to prevent the agladion of this protein in non-
osteoblast cells. In fact silencing of this pathway by RhtArference methods has hown

the accumulation and ATF4 and osteocalcin in non-osisbbells (Yang X et al., 2004).
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Runx2 has been known to form complexes with severadigg molecules in generating
osteoblast specific responses. It has been found t@attevith other proteins like Rb
protein and TAZ in inducing osteoblast differentiation (fffas DM et al., 2004).
Likewise, Runx2 forms complexes with SMADs in mediatBigIP induced osteoblast
differentiation (Zhang YW et al., 2000). Such an interactias also been found in the
case of ATF4 and Runx2. Presence of ATF4 has been slwoamhance Runx2 activity
and cotransfection studies with these two proteins hawevrsithat they can form

complexes in vivo (Xiao G et al., 2005).

Thus a variety of transcription factors like Runx2, AT&dd osteocalcin interact with

each other through a myriad of mechanisms and complex@sdtice the pathways

leading to osteogenesis.
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CHAPTER 4

CHARACTERIZATION OF ADSCs IN TWO-DIMENSIONAL CULTURE S

4.1 INTRODUCTION

Several groups have shown that the adipose tissue axaatient source of progenitor
cells. Not only are these cells abundant in the adipissue, but they too like the bone
marrow MSCs, posses the property of multipotentialithey have been shown to be
capable of being induced along the osteogenic (Zuk et al., 20@2)rdgenic (Zuk PA
et al., 2002) and even the myogenic lineages (Di Rocco &.,e2006). The ease of
availability of adipose tissue as a store house o$etheells gives them a unique
advantage over the bone marrow as a source of cellsh®orpurpose of tissue
regeneration. The fundamental problem that has been puarbhrwhen using adipose
tissue as a source for MSCs, is the extent of homdgené the progenitor cell
population. Since they are primarily obtained by aspratf subcutaneous adipose
tissue, they could be potentially mixed with a lot ohest native cell types like
endothelial cells, smooth muscle cells etc. This prolllampartly been alleviated by the
property of ADSCs to adhere to a plastic surface. Cutegkniques, whereby one plates
these entire lipoaspirate of cells into a culturekflasd selectively culture only the
adherent population of cells, have shown that this adlbgpopulation is indeed the

progenitor cell population of adipose tissue.
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In this section the differentiation potential of teeADSCs in the two-dimensional
environment of tissue culture plastic were studied, sdoasestablish that the cells
obtained from the adipose tissue of liposuction sampke® truly the progenitor cell
population. For this purpose the cells were grown up to cordu@nd were induced
along both the osteogenic and adipogenic pathway using & iseluotion cocktails. In

the process, their differentiation potential was ysgausing histology, real time PCR

techniques and western blot analysis for lineage specdieins.

4.2 MATERIALS AND METHODS

4.2.1 Tissue preparation and culture

Lipoaspirates were obtained from abdominal regions dfitime adult donors after
informed consent and approval by the Institutional RevBaard, National University
Hospital, through vacuum pump-assisted liposuction. Followhigy the tissues samples
were processed as per the protocol of Zuk et al. Bribftytissue samples were first
broken down manually in a coarse sieve and washed séweesl in sterile phosphate
buffered saline (PBS). The washed tissue specimensthamedissociated with 0.075 %
collagenase type | for 2 hours at 37° C. Following this abh®unl of DMEM was added
to the treated tissues, so as to inhibit the actiocolldgenase. The digested specimen
was then centrifuged at 1200 x g for 10 minutes to form a cédkp&he overlying layer
of fat and debris were removed and the cell pellet Matgg onto tissue culture plastic.
Cultures were washed again after 24 hours to remove nhdashed cells and the
contaminating fat droplets. Plating and expansion media weegl Dulbeco’s modified

Eagle medium (DMEM — Sigma D 1152) supplemented with 10 % Betene serum
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(Gibco) and 1% Penicillin — streptomycin (Gibco). Culturereavmaintained at 37° C
with 5% CQ and replenished twice a week. Once the ADSCs reachelliencéd of 80
to 90%, the cells were detached with 0.5 % Trypsin-EDT®¢® and then replated .
When sufficient cell numbers were attained, they wbem evaluated for multilineage

differentiation potential by driving them towards the ogenic and adipogenic lineages.

4.2.2 Differentiation into mesenchymal lineages

4.2.2.a. Osteogenic induction

For inducing osteogenic differentiation, the cells wemgrup to 80 to 90% confluence,
trypsinised with 0.5 % Trypsin, replated into multiveligs at a seeding density of 5000
cells per cm? and treated with osteogenic induction métha.cocktail was composed of
50 mM L-ascorbic acid-2-phosphate, 10mM b-glycerophosphat®.@idmM 1a, 25 —
dihydroxycholecalciferol in DMEM medium supplemented wiii% FBS. The induction
was maintained for a minimum of 2 weeks, following whibba cells were assayed for
evidence of mineralization and osteogenic markers. kparal red staining the cells
were plated in 24-well plates (NUNC), while for the inmohistochemistry the cells
were plated into 48-well plates (NUNC). T-75 flasks (TRRYye used for plating cells

required for RNA and protein extraction.

4.2.2.b. Adipogenic Induction
To induce adipogenesis, the cells were grown up to 80 toc@dHuence, harvested with
0.5 % Trypsin, replated into multiwell plates at a segdiensity of 15,000 cells per

cm2.The cells were treated with an induction cocktail posed of 0.5 mM isobutyl-
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methylxanthine, 1pM dexamethasone, 10uM insulin and 200uM indaanethn
DMEM medium supplemented with 10% FBS. The induction weasntained for a
minimum of 2 weeks, following which the cells were asshyfor evidence of

adipogenesis.

4.2.3 Histochemistry

4.2.3.a. Alizarin Red staining

The cells were cultured in 24 well plates for 28 days avadyaed at day 14 and day 28.
Prior to fixation, the samples were washed twice BSPFollowing fixation for 10
minutes with 10% buffered formalin, the cells were &dawith Alizarin Red S working
solution. The working solution was prepared by dissolving 2 Aliaérin Red S powder
in 100ml of distilled water. The pH of the working solumtiwas then adjusted to 4.1 with
0.5% ammonium hydroxide. The wells were completely coveittdthe stain and left to
stand for a period of 5 minutes. Subsequently the samples weeshed with distilled

water and observed under the microscope for presenedcdioccnodules.

4.2.3.b. Oil Red O staining

The cells were cultured in 24 well plates for 28 days. Jdmples were washed with
PBS, fixed with 10% neutral buffered formalin and then sthwith working solution of
0.2% Oil Red O stain for 5 minutes. The excess stainweahed with deionized water
and the nuclei counterstained with hematoxylin solutiod abserved under the

microscope for the presence of neutral lipid vacuoles.
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4.2.4 Immunohistochemistry

Cells were seeded into 24 well plates at a density of 5608 mer cm? and grown for
period of 28 days in osteogenic induction media. As conplalin media without

induction factors were used. The cells were analyzedyat4land day 28.

For immunostaining the cells were fixed with ice coldtihanol at -20°C for 10 minutes.
Non-specific antibody binding sites were blocked with 10 %t gerum at 25° C for 30
minutes. Subsequently the goat serum was removed and primamynostaining was

done for osteonectin, osteocalcin, collagen | and pst@n by incubating at 4° C

overnight (16 hours). Primary antibodies were usedeatatifowing concentration:

Rabbit anti human Collagen type 1 (Chemicon AB0745) - 1:500
Rabbit anti human Osteopontin (Chemicon AB1870) - 1:500
Rabbit anti human Osteonectin (Chemicon AB1858) - 1:1000
Rabbit anti human Osteocalcin (Chemicon AB1857 ) - 1:500

Secondary antibody staining was performed with the HRfjugated anti-rabbit kit
(DAKO Cytomation). The controls were blank specimersctv were treated only with
the antibody diluent, with no primary antibody beingdisenmunostained specimens
were counterstained with hematoxylin stain. All antipallution used were optimized
earlier using Human fetal Osteoblast cell line as p@sitontrol and Human embryonic

kidney cell line as negative control.
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4.2.5 RNA isolation and Real-time PCR analysis of ADSCs

Cells were plated in 6 well plates in triplicates andvgr in the presence of adipogenic
or osteogenic induction media. Total RNA was harvesteonat points 14 days and 28
days from these cells using RNAeasy Kit (Qiagen). Theeotration of the total RNA
was measured with Nanodrop ND-100 spectrophotometer and stoi@@P C till further

use.

4.2.5.a. Reverse Transcription

The purified total RNA obtained from the previous step wagrse transcribed into
cDNA, using was done using RevertAid™ H-Minus MuLV Reversanscriptase
enzyme (Fermentas). Briefly, about 100ng of total RNA wased with 800ng of
oligodT (Proligo) and heated to 75° C for 8 minutes and chiftedediately on ice. A
reaction mixture containing 1.0mM of dNTP, 20U of Ribolockdruclease Inhibitor
(Fermentas), 200U of RevertAid™ H-Minus MuLV Reverse Tcapsase enzyme and
DEPC-treated water was added to the chilled mixture andated at 37° C for 1 hour.
At the end, the enzyme was inactivated by heating at 769 ©0fminutes. The samples

were stored at -20° C till further use.
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4.2.5.b. Quantitative Real Time PCR

The Quantitative Real-time polymerase chain reacti@s wone on Stratagene MX
3000P Real time PCR machine. Along with the cDNA samglesal dilutions of the
standards and non-template controls (NTC) were usethdoPCR reactions. Quantitec
SYBR™ Green PCR kit was used as the master mix foreideime PCR reactions.
Thermal cycling conditions for the reactions were’®@%or 10 minutes, 45 cycles of
94°C for 30 seconds, 8G for 45 seconds and 2 for 30 seconds. The dissociation
phase was carried out at’@5forl second, 61T for 30 seconds, slow ramp up to’@5at
0.5°C per second with continuous measuremerfiC36r 10 seconds and finally brought

down to 25C. The primer sequences are shown in Table 4.1.
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Adipogenic Genes

Primer Sequence

Fatty Acid Binding Protein ( FABP )

5'-AACCTTAGATGGGGGTEIC-3’

5'-GTGGAAGTGACGCCTTTCA-3

Leptin

5-TGACACCAAAACCCTCATCA-3

5'-ATGAAGTCCAAACCGGTGAC-3

Lipoprotein Lipase ( LPL)

5-CCGGTTTATCAACTGGATGG-3’

5-TGGATCGAGGCCAGTAATTC-3

Osteogenic Genes

Primer Sequence

Osteocalcin 5-TGTGGCATCCACGAAACTAC-3’
5-GGAGCAATGATCTTGATCTTCA-3’
Osteopontin 5-ACTACCATGAGAATTGCAGTGA-3’

5-TCCTCAGAACTTCCAGAATCAG-3’

Osteonectin

5'-CCACCTGGACTACATCGG-3’

5-TCCTCATCCCTCTCATACAG-3’

Runx-2

S'-TCTTCCCAAAGCCAGAGTG-3’

5'-CATGGGAAACTGATAGGATCC-3

Table 4.1— Primer sequence of genes used for real time PCR
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4.2.5.c Standard Preparation

The standards for real time PCR was prepared from thdupt® of an end point PCR.
Using the above primers, the amplified PCR products @mahpoint PCR was run on a
2% agarose gel. The bands on the gel were visualized uhddight, the amplified
products cut from the gel and purified using a silica colunseddNA extraction kit
(vCell Science) as per the manufacturer’s protocdis. DNA was eluted from the silica
column and the quantity of the recovered DNA measured &farmodrop ND-1000
spectrophotometer. The copy numbers of the gene in thisngvolume could be
calculated using the combination of DNA concentratiomlecular weight of the

amplicon and Avagadro’s constant, as per the formula:

HAES A
Copy number =
Py 3 "ENMN ¥

Ny - number of each dNTP expected in PCR product.

My - molecular weight of each mole of dNTP

mass - mass of PCR product quantified from spectroscopy.

Av - Avagadro’s constant = 6.02XF0
For each set of genes tested, the samples were niplicates and the data was analyzed
by student’s two tailed paired T-test. The significance @&t at a p-value of less than

0.05.
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4.2.6 Western Blot Analysis for Osteogenic proteins
Cells were plated into 6 well plates and grown in thegmee of osteogenic medium for
at total period of 28 days. Uninduced samples were used asomtwlc Following
induction, the cells were harvested at 14 days and 28 dagx€llb were lysed in Triple
detergent lysis buffer with added Protease Inhibitor (&)gnihe buffer's components
were:

50mM Tris-HCI (pH 8.0)

150mM NacCl

0.1% SDS

1% NP - 40

0.5 % w/v sodium deoxycholate
Subsequently, the lysed specimen was centrifuged at 14,00fbr@@ minutes and the
supernatant collected. To concentrate the protein samphtey were loaded onto
Nanosep™ Centrifuge tubes (Pall Inc.) and desalted usiridjediswater. The total

protein extracted was quantified using a micro BCA kit igr

Following this, about 50 pg of the protein samples weré¢ddeaith 6 X loading at 90° C
for about 10 minutes and loaded onto a 10% SDS gel alongDuéh color Protein

ladder (Bio-Rad). The loaded gel was run at 150 V till the fdyet was washed away
from the edge of the gel plate. The gel was subsequéathgferred onto a PVDF
membrane, using transfer parameters of 90 V and 600mA fart 4blmour. The transfer

was verified by staining the blots with Ponceau-S staer¢g).
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For all samples, the blots were blocked with 1% milk faif lan hour at room
temperature and incubation with the primary antibody wasechat 4° C, overnight (16

hours). The primary antibody concentrations used were:

Rabbit anti human Osteopontin (Abcam, Ab8448) - 1:1,000
Rabbit anti human Osteonectin (Santacruz, SC25574) - 1:1,000
Rabbit anti human Osteocalcin (Santacruz, SC30044) - 1:1,000
Rabbit anti humagi-actin (Delta Biolabs, DB070) - 1:2,000

The secondary antibody treatment was done with aaitbR antibody conjugated to
HRP (Horse radish preoxidase) enzyme, raised in goat (Zy6e6t]120) and was used at
a concentration of 1:15,000. The blots were subsequentledredith Luminol HRP

substrate (Pierce) for 10 minutes and visualized in Versiawlaging station (Biorad).
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4.3 RESULTS

4.3.1 ADSC morphology

Freshly plated ADSCs demonstrated varying morphology.allyitthe ADSCs had a
polygonal morphology (Fig 4.1A). After 3 weeks of cultuies morphology changed and
the cells became predominantly spindle shaped (Fig 4.1B) iTltould be said that the
freshly acquired ADSCs constitute a population of heterageneells, which change

their morphology and become predominantly spindle shaped.

cu T
morphology which was flat and polygonal (Fig 4.1A) changedspindle shaped on
continued culture (Fig 4.1B)
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4.3.2 Histological evidence of osteogenesis
Alizarin Red staining of the ADSCs grown in osteogenic medvealed foci of
mineralization (Fig 4.2B, the areas stained in dark redgnwdompared to the control

ADSCs without any osteogenic induction (Fig 4.2A)

| ‘.J?..i:l

z 2SRy~ N

S = e

Fig 4.2 - Alizarin Red stainin-g -of ADSC.The induced samples (Fig 4.2A) do not take
up any stain. Intense foci of mineralization seen énitkduced samples (Fig 4.2B)

4.3.3 Immunohistochemistry for osteogenic makers

Immunostaining showed that ADSCs expressed markers afgestesis like collagen I,
osteocalcin, osteonectin and osteopontin as early afays! after induction and by 28
days there was marked expression of the same (Fig 4.3B)D@ontrol samples, which

were uninduced, failed to express these markers on immumagtétig 4.3A,C,E,G).
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Osteocalcin

Osetonectin

Osteopontin

Fig 4.3-Immunohistochemistry of osteogenic marker at 28 days. Increased expression for the
respective markers seen in the induced groups at (B,DsBrRp)ared to the uninduced group (A,C,E,G).
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4.3.4 Adipogenic potential of the ADSCs

When ADSCs are grown in adipogenic media, they began forngirthdroplets after 2
weeks of induction (Fig 4.4A) and increased significantly by @8 (Fig 4.4B).
Uninduced ADSCs did not form lipid droplets by this time (figuneot shown),

demonstrating that the ADSCs retained their adipogenienpat and when given the

right set of stimuli, they could commit themselveshig lineage.

Fig 4.4 - Oil Red O stain for fat vacuolesFat vacuoles could be detected as early as
day 14 in the induced samples (Fig 4.4A) and increased alWalyeupto day 28 (Fig
4.4B)

4.3.5 Real time-PCR analysis of gene expression

4.3.5.a Adipogenic Genes

Real time PCR analysis of the total RNA extractednfldDSCs subjected to adipogenic
induction revealed that these populations of cells retaimeid native potential and were
capable of differentiation into adipocytes under thduerice of adipogenic stimuli.

Compared to the uninduced control samples, the induced esawelre the only ones

showing evidence of adipogenesis. The three genes thatametyzed for evidence of
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adipogenesis were: Fatty acid binding protein (FABP), Leptid Lipoprotein Lipase
(LPL).

4.3.5.b FABP expression

All the three ADSC samples showed increased expres$i6ABP gene in the induced

samples, while in the uninduced samples hardly any expressisrseen (Fig 4.5A and

B).
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Fig 4.5 - FABP expression in ADSCs following adipogenic aguction. The expression in day
14 samples (Fig 4.5A) and day 28 samples (Fig 4.5B) werdasimi pattern, with increased
expression seen in the induced samples.
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4.3.5.c LPL Expression

Similar to the expression pattern seen with FABP gkeR&, expression was also found
to be more in the induced samples, with hardly any expressen in the uninduced. The
gene copies in the day 28 samples were much higher, voimemaced to the same in the

day 14 samples (Fig 4.6A and B).
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ADSC 1 ADSC 2 ADSC 3
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Fig 4.6 — LPL expression in ADSCs following adipogenic induiin. The expression
in day 14 samples (Fig 4.6A) and day 28 samples (Fig 4.6B) swarilar in pattern, with
a significantly increased expression seen in the indua@gles
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4.3.5.d Leptin Expression

The leptin expression pattern was different from theva two. Leptin expression was
not seen in the day 14 samples in both the induced and uninduzeps (data not

shown). However expression was seen in the day 28 ean(plg 4.7). There was
significant difference in the expression levels bemveahe induced and uninduced

categories of two of the samples.
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Fig 4.7 — Leptin expression in ADSCdollowing adipogenic induction at day 28. The
expressions in day 14 samples were not detectable (dathown).
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4.3.6 Osteogenic Genes
Real time PCR analysis of the total RNA of the ADS&&er osteogenic induction
showed that these population of cells were able to sgpmeaarkers of osteogenesis to

varying extents.

4.3.6.a Osteocalcin expression

Osteocalcin has been considered as one of the mosficspearkers for osteogenic
differentiation (Ducy P et al., 2000). In the day 14 sawplested, the levels of
osteocalcin in the osteo-induced ADSC samples were fauibé much lower than that
of the induced (Fig 4.8A). However, by day 28 the exact ofgg@sittern was seen (Fig
4.8B). By 28 days of induction, the osteo-induced ADSCs sHaavsignificantly higher

expression of osteocalcin gene (p-value < 0.05).
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Fig 4.8 — Osteocalcin expression.he levels of the gene were quite low in the day 14
samples (Fig 4.8A). However majority of the sampleswed a significantly increased
expression by day 28 (Fig 4.8B)
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4.3.6.b Runx2 expression

Runx2 expression pattern were similar to that seen gooaicin. While in the day 14
samples, the expression of the gene was very low2(Bi), by 28 days of induction the
induced samples started showing significantly higher lewdlsexpression, when

compared to the uninduced samples (Fig 4.9B, p-value < 0.05).
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Fig 4.9 — Runx2 expressionThe levels of the gene were quite low in the day 14 induced
samples (Fig 4.9A). However, by day 28 a significantlyaased expression was seen in
the induced samples showed a significantly increasedssipreby day 28 (Fig 4.9B)
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4.3.6.c Osteopontin and Osteonectin expression

The expression of these non-specific osteogenic mankeres highly variable, with some
of the induced samples having a much lower levels of expressien compared to the
uninduced samples (data not shown). However by day 28, thdesasiimwed a much
higher level of expression of osteopontin (Fig 4.10A) asionectin (Fig 4.10B) when

compared to the day 14 groups.
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Fig 4.10 — Osteopontin and osteonectin expressioin a few of the samples, the
expression of osteopontin was much higher at 28 daysdattion (Fig 4.10A) when
compared to the day 14 samples. A similar profile was sgéh osteonectin expression
(Fig 4.10B)
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4.3.7Western blot for osteogenic markers

Western blot was done for osteonectin (Fig 4.11A), @steon (Fig 4.11B) and [3-actin
(Fig 4.11C) proteins in all of the samples. A few of trE#mwed an increasing trend in
protein production from day O to day 28. However, this phemmm could not be
uniformly seen in all the samples. In some of thepasithese proteins could be detected
as early as day 0. Western blots were also done feoastin protein, but due to
inconsistencies in the molecular weight of the protétained, the data has not been
shown. Osteonectin was seen at a molecular weightt ®D. Osteopontin has been to
know have two major isoforms; they were detected &B3and 65 kD.

Positive controls used for the experiments were hFOBsé&n Foetal Osteoblast cell

lines)
ADSC 1 ADSC 2 ADSC 3
Osteonectin - ;
aD - - . T A
D28 D14 DO D28 D14 DO D28 D14 DO

Osteopontin

D28 D14 DO D28 D14 DO D28 D14 0D

Bl

| — i - e >

65 kD B2

D28 D14 DO D28 D14 DO D28 Di4 DO
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Osteopontin Osteonectin 3-actin
Fig 4.11 — Western blots for osteogenic markersOsteonectin and osteopontin
expression (Fig 4.11 A and B) show a variable expressidntunie. Fig 4.11 B1 and B2
show the two different isoforms of osteopontin ofal. As a control 3-actin (Fig 4.11
C) and hFOBs cell line (Fig 4.11 D) were used
4.4 DISCUSSION
Adipose tissue is currently being researched as anlemxtcsburce of precursor cells for
the purpose of tissue regeneration. Though it is quite dfieught of as a heterogeneous
cell population, it is still possible to isolate preaurscells with multilineage
differentiation potential. From the initial analysi§the basic characteristics of the cells
isolated from the lipoaspirates, it could be said thatse population of cells indeed
possess precursor cell like properties.
The cells when plated initially possessed a polygonaphwogy, but with progression
of culture and passages they tend to acquire a spihdfgesThis is in accordance with
literature evidence of the changing morphology of AD&@en grown in culture (Zuk et

al., 2000).

43



These cells when exposed to osteogenic induction cotémailto exhibit the property of
lineage commitment. Under the influence of these factbescell began to exhibit light
microscopic features of mineralization. Alizarin redistrevealed foci of calcific nodules
in the induced samples, whereas no such foci were se¢ba iminduced ones (Fig 1.1).
Similarly, immunohistochemistry for bone markers liksteocalcin, osteonectin and
osteopontin revealed that the induced cells showedsiderably greater expression of

these when compared to the uninduced.

To corroborate these findings, the real time PCRyaisadone on ADSCs showed that
those groups exposed to osteogenic cocktail tend to exphagisea level of markers like
osteocalcin and Runx2, although from these experimentsatime could not be said of

the other two markers, osteopontin and osteonectin.

Osteocalcin has been considered as an important andicspaarker for osteogenic
lineage commitment (Ducy P. et al., 2000). It is one efrfost abundant of the non-
collagenous proteins in bone, having calcium binding propertiasisgihka, P et al.,
1989). The major role of this protein is in preventing esimescalcium deposition in
bone and is therefore considered a negative regulatoniraralization (Ducy P. et al.,
2000). However, it is a very specific marker for osteagéifferentiation and is highly
expressed during the early stages and the much later sfdg@se formation. Similarly,
Rux2, which is quite often considered the “master switagfjering osteogenesis, is also

a very specific marker for this process and acts upstodassteocalcin (Banerjee C et
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al., 1997). Not all the six samples in this study were ablexpress significant amounts
of these proteins.

Osteopontin  and osteonectin have been traditionallpsidered as markers of
osteogenesis, though by themselves, they are not vepifisp®r osteogenesis as
compared to osteocalcin or Runx2 (Dragoo JL et al., 2003 ; Ogastal., 2004 ; Rodan

GA et al., 1999 ; Heinegard D et al., 1989). Osteopontin igtayhacidic protein that is

predominantly expressed in the early stages of bone fammédiit can be found in a host
of other tissues (Butler WT., 1989). There are two m&oforms of this protein. We

were able to detect the two isoforms at 65 kD and 35 kDeddsttin also enjoys a
similar profile and is found during the early stages ofebfmrmation, where it plays a

role in nucleation of the apatite crystals (Fujis&vaet al., 1991).

The above results show considerable variation irepeession pattern of different genes
and proteins over the period of study. Runx2 and osteocajoression was fairly steady
and constant across the experimental groups, with df@samples showing an elevated
expression of these markers in the induced group. Howsweh, a profile was not seen
in the expression pattern of osteopontin or osteame&imilar variations in gene
expression patterns have been previously reported inigtywaf other studies involving
human bone marrow MSCs. Work done by Frank O. etlabwed that the expression of
osteogenic markers like alkaline phosphatase, osteocattifal (i.e. Runx2) by bone
marrow MSCs exposed to osteogenic induction stimuli werensistent across samples
(Frank O et al.,, 2002). Such variation have been reportedhegy gtoups working on

bone marrow MSCs (Jaiswal N et al., 1997) and most tigcenown in human bone
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marrow MSCs of around 19 different donors across varying agggr(Siddappa R et

al., 2007).

Several reasons could lie such variations, such asreliffes in the composition of the
initial aspirate and population of the precursor celiferential sampling techniques by
physicians which could result in cell populations of varyinegerogeneity, functional

differences in the osteogenic potential of the MSCseuath the physiological status of
the patients from whom the samples were isolated (Bmd&® et al., 2007). Such an
inter donor variability could also be operational whaBSCs are collected and

characterized. Thus, the osteogenic potential of on®fsADSCs might be different

from another. The protein expression patterns of ostgmp@and osteonectin were
studied and were also found to be highly variable. While fiemasamples there was a
consistently increasing expression pattern from daydayo28 induced groups, a few of
the samples showed a constant expression patterntif@imeginning itself. This again,

could be attributed to sample variability and also tletixe non-specificity of these two

markers in osteogenesis.

Osteogenic differentiation of ADSCs is an area oéaesh which is being extensively
pursued in several labs. On the one hand the intricatecutatanechanisms that governs
this process in ADSCs is being evaluated (Luzi E et al., 20@8)e on the other hand

the same phenomenon is being studied on three dimehsioriaces (Lee JH et al.,

2008).
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4.5 CONCLUSION

From this study, it was possible to isolate an adhgyepulation of cells (ADSCs) from
the lipoaspirate of donors. These cells are have bilgyato differentiate into two
different lineages and could therefore be considered ag bailtipotent. These ADSCs
showed evidence of osteogenesis when exposed to osteogaulc st

Histology and immunohistochemistry showed evidence déogenesis like calcific
nodules and extracellular matrix deposits respectivigigse findings were corroborated
by similar results with real time PCR and western bldlysis. However, the results of

real time and western blots were not uniform acroghaltlonor samples.

Therefore, ADSCs obtained from the adipose tissue cbaldonsidered as a sizeable

depot of MSCs having multipotent nature and for use in tissgeneration in orthopedic

applications.
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Chapter 5

RNA INTERFERENCE (RNAi) SILENCING OF ATF5 IN ADSCs

5.1 INTRODUCTION

ADSCs are presently being investigated as candidate celluse in bone tissue
regeneration, but the events that dictate the pradessteogenic differentiation in these
cells are far from being precisely outlined. A proper undadihg of the mechanisms
that govern the process of osteogenesis in boneweill&l give us an insight into how
similar events occur in non-osteogenic precursor cells. primciple factors that govern
osteogenic differentiation of precursor cells are Cbfairix-2 (Ducy P et al., 1997).This
transcription factor regulates the activation of lgeapecific markers like osteocalcin,
osteopontin and collagen | (Ducy P., 2000) While much ofwbek done has been on
osteoblast cells, the factors that govern simiies in non-osteogenic precursor cells
have not been clearly elucidated. Literature is abounditly evidence of induction
factors being capable of driving non-osteoblast precursés tehards the osteogenic
lineage. Zuk PA et al. have shown the ability of adipassué stromal cells to
differentiate towards osteogenic lineage under the influexice cocktail of chemical
substances. Osteogenic differentiation has been demedsinahematopoetic precursor
cells (Kondo M et al.,, 2003) and in mesenchymal precursos tstlated from the

peripheral blood (Villaron EM et al., 2004).
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Work done by Yang et al has demonstrated the existencarofjae transcription factor,
Activating transcription factor 4 (ATF4), which can indutee expression of the
osteoblast-specific gene, osteocalcin, in non-ostepbddidines in vitro. They were able
to show that ATF4 accumulation in osteoblasts is ntedidy a post-translational
ubiquitination process, which normally degrades this fadtorother cell lines.

Subsequently it was shown that ATF4 indeed interacth thie master transcription
factor, Cbfal/ Rux2 through its leucine zipper domain to $étalwosteocalcin expression
(Xiao G et al., 2005). Non-osteoblast cell lines whichenar-expressed with ATF4 and
Runx2 demonstrated an increased osteocalcin mRNA expreSsierefore, it might be

possible that this transcription factor might play a digaint role in ADSCs as well.

The whole genome transcriptome analysis of ADSCs (Rbix of Leong TWD) done in
our lab, had shown that when these cells are exposesté¢ogenic stimuli, several genes
undergo a variable fold change. A total of twenty patiempdas were put through the
process of osteogenic induction and the gene expressiopenfasmed using Affymetrix
Gene chips. Looking for genes that underwent a signifit@ldt change in expression
revealed that one particular gene, ATF5 was consigtdotin regulated in nineteen out
of the twenty samples analyzed. ATF5, properly knownAasvating Transcription
Factor 5, belongs to the family of cAMP binding elemnsemving a leucine zipper motif

(Hai T et al., 2001).

The consistent down regulation of this gene in ADSGepoked from the gene chip data,

was further validated by using real time PCR (PhD thefslseong TWD). These data
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indicate that ATF5 could possibly have a role during osteogdiiferentiation in
ADSCs, whereby suppression of ATF5 is a necessary amg@nying event during
osteogenic differentiation. It might be hypothesized &KEF5 acts to repress osteogenic
differentiation in ADSCs and exposure to an osteo-indactiocktail, circumvents this
repression to bring about commitment towards the osteogjeaage. A similar role for
ATF5 has been proven by Angelastro JM et al (2005) in npuealirsor cells, where it
was shown that a down regulation of ATF5 is a prerdéeguisr the maturation of these

cells into astrocytes and oligodendrocytes.

As a continuation of this work, we analyzed the expressioATF4 gene, which as
previously mentioned, is an important regulator of osteagdiiferentiation in non-
osteoblast cell types. Ten of the ADSC samples irabwe study were put through a 28

day osteoinduction period and the RNA isolated for ATF4esgon analysis.

A primary step towards understanding the observed phenon@hna consistent down
regulation of the ATF5 gene would be to see how the psoakssteogenesis in ADSCs
would be affected when ATF5 gene is not expressed. If A@KBession does affect
osteogenesis, when the expression of this gene is repyresse would see a reciprocal
expression of the classical markers of osteogenesise Gilencing of ATF5 should be
able to trigger or derepress downstream events whicmdes the influence of ATF5. In

order to do study this, we decided to block the mRNA exmessi ATF5 in ADSCs by

specific small interference RNA (siRNA) sequences 1¢-3\ delivered to the cells using

lipophilic carriers.
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RNA interference, otherwise known as RNAI, is a ndlpraccurring phenomenon
which is an effective form of post-translational seqeesgecific gene suppression (Fire
A et al., 1998). In nature, RNA interference is medidigdshort double-stranded RNA
molecules which are processed into 20 to 23 base longsRidkled siRNAs , and then
form part of the RNA-induced silencing complex (RISGpdering a nuclease that
degrades the target RNA (Kurreck J., 2003). In vivo, this tygene silencing is highly
specific for the target mMRNA sequences, with minimaltaffet effects seen (Chi JT et
al., 2003); however some sequences may have diverse andramed effects.
Commercially available siRNA sequences used for genecsiig have been chosen after
a stringent evaluation of several target sites withpariicular gene, following which the
sequences that require that lowest concentration far gggncing and having minimal
off-target effects are selected (Vickers TA et al., 300Bome of them have been
chemically modified by introducing synthetic nucleotidesas to stabilize their structure
and function in cell culture and in vivo (Amarzguioui Mad., 2003). RNAI technology
is also being widely experimented as a form of nucleid-based therapies, as targeted
gene silencing could be a perfect tool for identifying genection and use as a

therapeutic agent (Scherer L et al., 2004).

Following the silencing of ATF5 in them, the ADSCs wengosed to two different
concentrations of induction cocktails, a sub-optimalcemtration (0.1X) and the optimal
concentration (1X), for a period of five days, during whielis were harvested at three
different points, the total RNA extracted and analyzed the expression of ATF5,

osteocalcin and ATF4 genes. Osteocalcin, being one oédhest and most specific
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markers for osteogenesis, would seem like the most apgt®gene to undergo variable
expression during these initial stages of osteogenic diffetion. Cells that travel down
the osteogenic lineage would show an elevated expresgiarsteocalcin. On the
contrary, cells that do not move along this lineage wmoold be showing an increased
expression. ATF4 on the other has been considered dodef the genes that influence
osteogenic differentiation in non-bone cells (Yang Xakt 2004a). Its structural
homology with ATF5 could also imply that these tweissof transcription factors may
interact during the process of osteogenic differentiaiimnADSCs. Therefore, the
expression pattern for ATF4 could give an indicationhef extent of interplay between
ATF4 and ATF5 in ADSCs subjected to osteogenic differaatiaA short time frame of
5 days for the study was chosen based on the presumptoATtRS would have its role
during the early stages of differentiation, when ADS@sild be committing themselves

to the osteogenic lineage.

Traditionally the optimal expression of markers foteogenesis occurs at an induction
factor concentration of 1X. The logic of using the 0doficentration along with the 1X
concentration were to see if any changes in ostancaipression could be picked up

even at these sub-optimal induction conditions.

If ATF5 indeed suppresses osteogenic differentiation in AS{encing of ATF5 gene
should be able to promote osteogenesis and hence anegprgssion of osteocalcin
would be seen; while in the non-silenced control groups, aackffect would not be

seen. Also if ATF4 and ATF5 have a reciprocal role imdolating osteogenic
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differentiation, one would expect to see a rise iFAEXpression when the ATF5 gene is

silenced.

5.2 MATERIALS AND METHODS

5.2.1 Cell Culture

ADSCs were cultured as previously mentioned. Once the m=Hiched confluence, they
were trypsinised and counted. The cells were subsequaatd in 6-well plates at a
density of 100,000 cells per well in 2.5ml of plating mediunheWthe cells reached a

confluence of 50 to 70 %, they were transfected.

5.2.2 Transfection of ATF5 Stealth™ RNAI into ADSCs

Transfection of the ATF5 Stealth™ RNAI was done basedhe protocols provided by

the company on their websiterfw.invitrogen.con). The RNAIi was delivered into the
cells using Lipofectamine™ RNAIMAX Transefection Reagemtvifrogen). For
transfecting MSCs, the protocol of Forward Transfectimas used, whereby
Lipofectamine — RNAI complexes were prepared and added lopdated the previous
day. Briefly about 100,000 ADSCs were plated into each well @well plate in about
2500 pl of DMEM without serum or antibiotics. The cellsrev80% to 50% confluent
when transfected.

The following day, the RNAI duplex-Lipofectamine™ RNAIMAX ere prepared.
Initially about 30 pmol of the RNAi duplex was diluted in ab860 pl of Opti-MEM |

Reduced Serum Medium (Invitrogen) without any added serum &l mently in a 50
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ml Falcon tube. In a separate tube, about 5 ul of tipefectamine™ RNAIMAX
Reagent was diluted in 250 pl of Opti-MEMReduced Serum Medium and mixed. The
contents of both the tubes were mixed gently and irtedbat room temperature for 20
minutes. At the end of this time, the mixture was addedach well, giving a final
volume of 3000 pl and a final RNAI concentration of 10 nMe Eells were incubated at
37 °C in 5% CQ The first media was changed after 12 hours and subsequepidged
every 72 hours. Appropriate negative controls are used deaiclg time point. Negative
controls are gene sequences used during transfection studbek for any non-specific
effects on gene expression. They are SIRNA sequenegsdth not target any gene
product and are essential for determining siRNA delivericieffcy. When cells are
transfected with these sequences there should not be f@eysedn gene expression

(www.ambion.conn

5.2.3 Osteogenic Induction

Following the transfection of the ADSCs with the Lipdéaaine — RNAIMAX duplex,
the cells were induced with standard osteogenic medioatifferent concentrations:
1X (optimal induction concentration) and 0.1X (sub-optimdliction concentration). As
control, uninduced cells treated without any osteogenic imusupplements (i.e. 0X

category) were maintained.
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5.2.4 RNA isolation and Real-time PCR analysis of ADSCs

The RNA isolation and real-time PCR analysis was dasieénentioned in the previous
chapter. Following reverse transcription and cDNA synshesal-time PCR was done to
detect ATF5, Osteocalcin, 3-actin and ATF4 genes. Stanftardse ATF4 and ATF5
genes were prepared as per the techniques outlined in the prehiapter. The primer

sequences used were:

Gene Primer Sequence

ATF 4 5'-TGACCACGTTGGATGACACT-3’

5-CCTGGTCGGGTTTTGTTAAA-3’

ATF5 5-GTATTGACCTCCTGGCCTCA-3

5-CCTTCATTCCAACCCCTCT-3

Osteocalcin 5-TGTGGCATCCACGAAACTAC-3’

5-GGAGCAATGATCTTGATCTTCA-3

3-Actin 5-TGTGGCATCCACGAAACTAC-3’

5-GGAGCAATGATCTTGATCTTCA-3

Table 5.1- Primer sequence of genes used for real time PCR insgeneing
experiment
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5.3 RESULTS

5.3.1 Expression of ATF4 during osteogenic differentiation il\DSCs

Real time PCR analysis of ADSCs for ATF4 gene expoessevealed that the pattern
was variable from donor to donor. In three out of tke samples analyzed, the
expression pattern was similar to that seen in humta dsteoblasts (hFOBs). The
similarities in pattern of these samples to the exmes® hFOBs suggest that these

donor samples might be an ideal source for ‘osteodgninalined’ ADSCs (Fig 5.1).

ATF4 Expression in ADSCs during osteogenic induction
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05 O O 08 et o3P P (R 0 o e

Patient ID

Fig 5.1— ATF4 expression pattern in ADSCslIn three of the ten samples tested, the
ATF4 expression increased during the second day and droppedalia$tly the twenty-
eight day. This pattern was similar to that seen \WEOBs cell lines. The lack of a
consistent response in all the ADSC samples may be alubet differences in the
‘intrinsic osteogenic potential’ among the cells.

56




5.3.2 Silencing of ATF5 expression by Stealth™ RNAIMAX in ABCs

The real time PCR analysis of the ADSCs showedithall the four patient samples, the
ATF5 expression was lower in the groups that had beesfécad with the RNAI
duplex complexes (Figs 5.2), indicating that the tran&fe was effective in silencing the
ATF5 gene expression. However a significant drop in Hpgession was not seen across
all the samples. The expression of ATF5 in the non-stiérsamples also followed such
a trend. Fig 5.2A shows a sample in which significant dnoATF5 expression after
silencing was seen only in day 1 at one time point (indctavith the arrowhead) and in
day 5 at two time points. On the contrary, Fig 5.2 Bagha sample in which significant

drop in ATF5 expression was seen across all the tinmspo

In order to negate any discrepancy from cell numberall the donor samples the ATF5

copy numbers were normalized agaipsictin copy humbers for the specific time points.
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Fig 5.2 - ATF5 expression normalized to 3-actinln all the donor samples tested there
was a decreased expression of ATF5 in the gene silencepgsgf + ). The time point

at which silencing was maxim

um varied from sample topsanwith some having a

pronounced response at day 1, while others having at day r2p(@sentative graph of
two donor samples are being shown in Fig 5.2 A and B).
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5.3.3 Osteocalcin expression in the ADSCs

Osteocalcin expression in the ADSCs that have bdmmcsid with ATF5 RNAI showed a
variable expression (Figs 5.3). However, in all of therarehwas a consistently
significant difference in the expression levels of tlay 2 samples. The day 2 uninduced
and gene silenced group®dy 2 Ri+ subgroups showed a significantly higher
expression than the corresponding uninduced and non-sllegicips Day 2 Ri-
subgroups) Among the same set of samples, the osteocalcirslexaie also found to be
significantly higher in the gene silenced that wereeeigub optimally induced (0.1X)

and uninduced (0X) groups, compared to the induced samples tieagevier silenced.
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Fig 5.3 - Osteocalcin expression normalized to 3-actin. There gignificant increases in the expression
levels of osteocalcin in the gene silenced groups atngyine points (Ri + subgroups). All the samples
showed increased expressions, at different time pointtheirsub optimally induced (0.1X Ri +) and

uninduced (0X Ri +) groups which were gene silenced. The dreads show the relevant time points at
which significant differences were seen.
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5.3.4 ATF4 expression in the ADSCs

The ATF4 expression did not show the consistent chasges with osteocalcin,
indicating that the expression patterns of ATF4 wadlhigariable. In a few of the
samples, a significantly increased expression of ATF4 ssen in the ATF5 gene-
silenced groups at day 2 (Fig 5.4B). However, in three ofainesamples, the optimally
induced and ATFS5 silenced groups (1X) showed a significant imeneaATF4 compared

to the corresponding non-silenced groups.

61



ATF4/BA - ADSC 1
= 250
©
o
e
<t
[N
—
<
:
E
=]
S
8
e
S
=
de ¥ IIIIIS IIIISS IS
R S S LS SRR SRS
P \,‘i\?@ & \,‘i\f} & Qf}q,q\ W& at Qf} N @‘2@ SO
PR PP SN I S
Time Points
Fig 5.4 A
ATF4/BA - ADSC3
S 180 \
@ 160 ) *
e
<
L
—
<
s [ ATF4/BA 1063
o
s
E
=
E
o
=
Time points

Fig 5.4 B

Fig 5.4 - ATF4 expression normalized to 3-actinSome of the ADSC samples showed
an increased expression of ATF4 in the ATF5 silenced grarpsw headed groups in
Figs 5.4 A and B). However the significance was not ofeseracross all the donor
samples (data not shown).
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5.4 DISCUSSION

ADSCs are being extensively studied for the purpose ofreplacement therapy. One
such area wherein there is much scope and potentiakforegeneration therapies is
bone tissue engineering. ADSCs have been shown to babfierentiate towards cells
of the osteogenic lineage when exposed to right setimiulst(Zuk et al., 2000).
However, the basic biology that governs the ability tbEse non-bone origin
mesenchymal cells to form bone tissue has yet to beycleatlined. One of the genes
that is shown to have the potential to modulate thisaber in non-bone cells, as

mentioned earlier, is ATF4.

To this end, we decided to look for the expression pateATF4 gene in ADSC, both
before and during induction for a period of 28 days. From @uitsz we were able to see
that three out of ten patient samples analyzed fergbne, showed a pattern similar to
that seen in human osteoblast cell lines (Fig 3.1).géme levels increased significantly
by the second day of induction and fell drastically by tagnty eight. As mentioned
earlier ATF4 has been shown to interact with Runx2 fivaitng osteocalcin expression
(Xiao G et al., 2005). Since Runx2 is one of the eantremkers to be elevated during the
process of osteogenesis, the expression pattern wiidfé peaks early and falls down
later on would fall in line with the argument that ADS@adergoing osteogenic
differentiation may be influenced by ATF4 in adopting theeogenic lineage. However,
this gene may not alone be enough in influencing osteogeneADSCs, as seen by the

lack of a consistent expression pattern seen in mathedADSCs.
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The RNA interference mediated silencing of ADSCs slibthat there was a significant
drop in expression of ATF5 gene in the ADSCs (Fig 3.2 ABnd he fall in expression

was more pronounced at day 2 and day 5 time points ofttlty. The absence of a
significant drop in expression among the Negative cogiralips (NC) for each of the

ADSCs in Figs 3.2 indicates that the silencing wasctffe.

The osteocalcin expression in these ATF5 silenced AD®Uswed an interesting
pattern. As could be seen from Figs 3.3, in all the AD&(nples, there was a
significantly elevated expression of osteocalcin indilenced groupsRi+ group) at day
two and five compared to the unsilenced graRip~ group. The conventional protocols
for osteogenic induction advice an optimum induction factmmcentration of 1X to
achieve the most efficient osteogenic outcome. In our stidg few of the ADSC
samples (Figs 3.3) the osteocalcin was expressed signiyicat even the suboptimal
inducing concentration of 0.1X. In all the ADSC samplégllatime points, there was a
significant expression of osteocalcin even in the adxseof inducing factors (0X
subgroups in Figs 3.3). While in a few of the ADSC samples phitern was more
pronounced at day Pay 5 Ri + 0Xsubgroups in Fig 3.3), in a few of the same and the

remaining it was more pronounced at daypay 2 Ri + 0Xsubgroups in Figs 3.3).

The ATF4 expression on the other hand, was not veryistens in the tested ADSC
samples. The normalized ratio of ATF4 peactin showed that there was increased
expression of ATF4 in the ATF5 silenced and subopitmalijpuced / uninduced groups

(Ri +and 0.1X / 1X at varying time points (Figs 3.4). In some of the sashis
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difference were more pronounced in tRe+ 0.1X / 1X subgroupat day 1, while in
others it was seen in the same subgroups at either alay. 2

However a significant over expression of ATF4 in thEFA silenced subgroups was seen
only with ADSC 3 (Fig 3.4 B) where ATF4 was higher in tteey 2 ATF5 silenced and

uninduced groupdfay 2 Ri + 0X.

Osteocalcin has traditionally been considered as orteofnost specific markers for
osteogenic differentiation (Ducy P et al., 2000). Thegzession patterns of osteocalcin
seen in our study, especially the groups in which there m@iaduction factors present
(OX subgroups) indicate that silencing the expressionTd%Amaybe sufficient in some
cases to trigger osteocalcin expression. A possibldaexpon for this observed
phenomenon could be that repression of ATF5 triggers salieenate pathway or
activates transcription factors that could act to irsgeasteocalcin expression. At this
point, however the same could not be said about ATFdugione would have expected
a consistent over expression of ATF4 in an ATF5 sddneituation, the lack of a
consistent and significant pattern in this study mighamhat ATF4 and ATF5 might
not have mutually reciprocal roles in modulating osteogenes ADSCs. On the
contrary, ATF4 — ATF5 interaction might not have beensistently picked up due to the
genetic variability in the samples being analyzed. Theodweariability that account for
varying patterns of gene expression as explained in Chépteuld be operational here
as well. The preliminary ATF4 expression done on timesset of samples done for the
gene chip analysis during the PhD work of Leong TWD also stawis variability in

ATF4 expression (Fig 3.1). This may be attributed to thesipthisy that ADSCs from
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different human beings differ in their ‘intrinsic ostmic potential’ i.e. some of the
ADSCs are better at responding to osteogenic stimuthénenvironment and hence
undergoing osteogenic differentiation, while others maty beothat good at the same.

Such a variability occurring here could not also be detafy ruled out.

5.5 CONCLUSION

From this study using RNAI against ATF5, it was shown WaF5 gene could be
effectively silenced in ADSCs. The expression pattérosteocalcin among the silenced
ADSCs demonstrated that in most of the samples te&ideb silencing was enough to
cause a significant over expression of osteocalcinveyer, the same could not be said
about ATF4. While there was an increased expressionTé#4An most of the ATF5
silenced groups which were either sub optimally induced (0.XX)ninduced (0X), a
statistically significant result was seen in only afethe four ADSC samples tested.
However this phenomenon could be due to the differeimcéise ‘intrinsic osteogenic
capability’ of the ADSCs tested. Therefore, it may gmssible that ATF4 and ATF5
might interact by themselves or through some other n@diaih inducing osteogenesis

in ADSCs.
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CHAPTER 6

CO-TRANSFECTION AND EXPRESSION OF ATF4 AND ATFS5 IN HE K CELLS

6.1 INTRODUCTION

One of the genes that have been implicated in indugtepgenic differentiation in non-
osteoblast cells is ATF4 (Activating Transcription Facigr Though the gene for this
protein is ubiquitously expressed in a wide variety otiisdike brain, thymus, liver and
the lung, the protein is only expressed in mature osteolfiésig) X et al., 2004). When
NIH3T3 fibroblasts, which in the native state do not expre3$-4A protein were
transfected with sSiRNA to a ubiquitin ligase that nofynaleaves the ATF4 protein in
non-osteoblast cells, they began to express ATF4 andoasten. These were conclusive
evidences for the role of ATF4 in mediating osteogeniigihtiation in hon-osteoblast
cells. Members of the ATF family have been well knotwninteract with each other
forming homodimers and heterodimers. Some of theseagttens are the key processes
that mediate important cellular functions (Ameri Kakét 2007). The interaction of ATF4
with Runx2 has been shown to increase the expressiorstebaalcin gene in non-
osteoblast cell lines (Xiao G et al., 2005). Deletionlyams studies have shown that this
interaction occurs primarily through the leucine zippegiae of ATF4.

Thus it could be inferred that interactions between tkagscription factors like ATF4,
Runx2 etc. play a significant role in deciding the fate @mehotype of immature cells.
From the previous chapter it was shown that silencing xpeession of ATF5 mRNA

causes a significant increase in the expression ofcdt@m While in some of the ADSC
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sample studied this occurs at suboptimal induction doses @ub¥roup), in a few of
them a significant expression is seen even in thenabsef any induction factors (0X
subgroup). The rise in osteocalcin levels in the absengedoéttion factors imply that
silencing of ATF5 in some way triggers some repressed pgtwhat would not have
otherwise lead to osteocalcin expression. Similarlyat also seen that in some of the
ADSC samples, there was an increased mRNA expressidnref when ATF5 gene had
been silenced, though a significant difference in expressas seen in only one of the
four ADSC samples tested. This lack of a significant esgion of ATF4 in the other
three samples might be because of their differennesheir intrinsic potential of
undergoing osteogenic differentiation.

Based on the well known fact that members of the Adiily have the potential to
interact among themselves as well as with transcnfactors of other groups and the
inverse gene expression profile of ATF4 and ATF5 that seas in the gene silencing
experiments, it was decided to explore the possibiisy ATF4 and ATF5 may also have
the potential to interact with each. In such an everyyahe interaction between ATF4

and ATF5 may in some influence the osteogenic differaemtiggotential of ADSCs.

In order to look for the possibility of a binding potentidtween ATF4 and ATF5,
Human Embryonic Kidney (HEK) cell lines were cotranséel with plasmids cloned
with ATF4 and ATF5 genes. Subsequent to the co-transfedtiercells were lysed and
the total protein isolated. Following this, co-immunopreatmn was done on the cell
lysates. In this procedure, the antibody against onbeoptoteins (e.g. anti ATF5) was

used to pull down the proteins from the lysate and subsdgueambunoblotted with the
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antibody against the second (e.g. anti ATF4). If ATF4 Am&5 are indeed capable of
binding with each other, such a pull down with using omébady, should bring along

with it its binding partner, which could then be detectethieysecond antibody.

6.1.1 Characteristics of the Vector used for generating plasch

The vector used for the initial cloning of the inserts dedsubsequent transfection of the
HEK cell lines was the pCDNAG6/His™ A vector (Invitrogemhis is a 5.2 kb vector that
has been widely used for the transient and stable expression of proteins in
mammalian systems. Like most mammalian vectors, taior possesses a Human
Cytomegalovirus immediate-early (CMV) promoter, designed High level protein
expression in mammalian cell lines. Apart from the CMVnoter, the vector possesses
an Ampicillin resistance gene for selecting clonebanteria, Blasticidin resistance gene
for selection of stable cell lines and a Multiple clonsite with a 6X Histidine Tag

preceding it fcDNA manual, Invitrogen., 051302

Iﬁ ATG [ERRIER ==~ EKRocognition

pcDNAG6/His™
A B, C
5.2 kb

Fig 6.1 - Vector map of pcDNAG6/His™ AWww.invitrogen.con




T7 promoter priming site

[ 1
3% CACTGCTTAC TGGCTTATCG AAARTTARATAC GACTCACTAT AGGGAGACCC AAGCTGGCTA

Palyhistidine Region
T

B99% GCGTTTAAAC TTAAGCTTAC C ATG GGG GGT TCT CAT CAT CAT CAT CAT CAT
Met Gly Gly Ser His His His His His His
Xpressm Epitope
=
950 GGT ATG GCT AGC ATG ACT GGT GGA CAG CRA ATG GGT CGG GAT CTG TAC
Gly Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr

AspT181 Kpn| BamH | Bstx " EcoR | Pst|

1 | 1 |
998 GAC GAT GAC GAT RAG GTA CC MGG ATC CAG TGT GGET GGA ATT CTG CAG
IAsp Asp Asp Asp Lys WVal Pro Arg Ile Gln Cys Gly Gly Ile Leu Gln

Enterokinase recognition site EK cleavage site

EcoR W lerx I* Nle‘I XhF | Xbla | ﬁul:la |

1
1046 ATAR TCC AGC ACA GTG GCG GCC GCT CGA GTC TAG AGGGCCCGTT TAARRCCCGCT
Ile Ser Ser Thr Val Ala Ala Ala Arg WVal ***

BGH reverse priming site

[ 1
10%% GATCAGCCTC GACTGTGCCT TCTAGTTGCC AGCCATCTGT TGTTTGECCCC TCCCCCGTGEC

115% CTTCCTTGAC CCTGGAAGGT GCCACTCCCA CTGTCCTTTC CTAATARAAT GAGGAARATTG

Fig 6.2— Multiple Cloning Site (MCS) of pcDNAG6/His™ AmMww.invitrogen.com

6.2 MATERIALS AND METHODS

6.2.1 Vector cloning and preparation

The initial cloning of pPCDNAG/His™ A vector was done in Nbitee™ ( Novagen ) DH
3a cells. Briefly, the transformation was done by addibgut 10 ng of the vector to 20
pl of Novablue™ cells in a microfuge tube and placingaenfor 5 minutes. At the end
of 5 minutes, the tube was subjected to heat shock byglata water bath preheated to
a temperature of 42° C for exactly 30 seconds and then pigaied on ice for 2 minutes.
At the end of the time the Novablue™ cells were platetd @n agar plate, containing
ampicillin at a working concentration of 50 pg/ml and kigpttransformation overnight
at a temperature of 37° C. The following day , a felerdes were picked and grown in 5
ml of LB medium (Luria Bertani) for 12 to 16 hours incdating shaker at a speed of 240
rpm and temperature of 37° C . The tubes containing thereuhedia were then spun

down and the plasmids extracted using a GeneJet™ Plasmijordfp Kit (Fermenatas).
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6.2.2 Insert design and preparation
Two different inserts were designed and prepared for theoperpf cloning and

expression.

1. ATF 5 full length — Having the entire 849 base pair corresponding to thegodin
sequence of the gene.
2. ATF 4 full length — Having the entire 1056 base pair corresponding to thegcodin

sequence of the gene.

For the process of cloning the inserts into the vectéeeR1 and Xhol (Fermentas)
were the restriction enzymes chosen. The choicebkesk two enzymes were based on
the following reasons:

1. By choosing two different enzymes for digestion and thersopming a double
digestion, it would be possible to generate two dffersticky ends, and thus
perform a Directional cloning, thereby ensuring that tiseit and vectors would
ligate only in the proper orientation.

2. The two enzymes are compatible for double digestion witommon buffer —
Buffer B (Fermentas).

The inserts were generated from Human MGC (Mammaliane Gaoilection) cDNA
clones for ATF4 and ATF5 (Open Biosystems Inc.) by Pohase Chain Reaction
(PCR).

The primers for generating the inserts from the manamatDNA were designed

incorporating the restriction sites f&coR1 and Xhol into them, so that the PCR
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products would have these sites. A subsequent digestioa ofsrts with these enzymes
would yield products with sticky ends that would bind to the gmate sites in the
vector digested with the same enzymes. The primer sequiamcde different inserts

were:

Insert Primer Sequence

ATF 5 Full length EcoR1 GCTAAGAATTCATGTCACTCCTGGCGA

Xhol AATAACTCGAGCTAGCAGCTACGGGT

ATF 4 Full length | EcoR1 ATGCGGAATTCATGACCGAAATGAGCTTCTG

Xhol AATAACTCGAGCTAGGGGACCCTTTTCTTCC

Table 6.1—- Sequences used for generation of inserts

In order to decrease the incidence of mutations in theedlinserts, PCR reactions were
done using high fidelityPfu Polymeraseenzyme (Fermentas). The thermocycling
conditions were:

Initial denaturation at 94° C for 5 minutes followed by 35eyof denaturation at 94° C
for 1 minute, annealing at 55° C for 1 minute, extension aC#a? 2 minutes and a final
extension at 72° C for 6 minutes. The PCR products werevidrdied for the size of the
products by running on a 1% Agarose gel and comparing with GesréRubdder

(Fermentas).
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6.2.3 Restriction enzyme digestion of the vector and inserts

Both the vector and the inserts were digested using EcaRXlayl restriction enzymes.
As mentioned earlier, since the inserts had the céstrisites for each of these enzymes
incorporated into them during the subcloing process, digestauld yield products that
would fit into the vector in the proper alignment. Tergaut the enzyme digestion, the
following components were assembled in a PCR tube: 5 figgofector or insert, 20 pul
of 10X Buffer Tango™ (Fermentas), 10 ul of EcoR1, 10 pl ¢loX and finally
deionized water was added to reach a final reaction volofimE00 pl. The reaction
mixture was then incubated at 37° C for 16 hours in aritbeycler. At the end of 16
hours the enzymes were inactivated by heating at 80° QOfominutes. As control,
reaction mixture having only the vector or inserts withaldigg any of the restriction
enzymes were used. Since the chances of re-ligationeovdctor were minimized by
using two different restriction enzymes, Calf IntestiAdtaline Phosphatase was not

used following digestion.

Following digestion of the vector, the cut vector wasagainst the uncut vector on a 1%
agarose gel. Since the cut vector becomes linear, itategrat a different rate when
compared with the uncut vector. This distinguishes éetwthe two different sets of
vectors. Once the band of interest (the completetyvector) was identified in the gel, it
is cut with a clean razor blade and transferred to aofnige tube. The digested vector
was then isolated from the agarose gel by using Gel mtidic kit ( vCellScience ) and

stored at — 20° C , till further use.

73



The digested inserts were not gel purified; rather these purified using Qiagen PCR
purification kits. The purified inserts were then run on 1§arase gel, to ascertain the

quality of the purified products.

6.2.4 Cloning of the inserts into the vector

6.2.4.a Ligation

Following purification of the digested vector and inserbg tuantity of each were
measured for the next step of ligation. The two compisnerre ligated in a molar ratio
of 1:4 of vector: insert DNA. The calculation was obtaineased on the following
formula:

ng of vector x __ kb size ofinsert  x molar ratio of insert = ng of the insert
kb size of the vector vector

Based on the above formula for a ligation reaction udid@ ng of the vector, the

required molar concentration of the insert comes tarat®0 ng .

The final ligation mixture consisted of 100 ng of the vediNA, 50 ng of the insert
DNA, 2 pl of 10 X T4 DNA Ligase buffer, 1 ul of T4 DNAigase ( Fermentas) and
water, added to reach a final reaction volume of 20 |hke Teaction mixture was
incubated at 25° C for 4 hours. At the end of the reactim heat inactivation was
performed. Roughly 2 pl of the ligation mixture was usedriamsforming about 20 ul of

competent NovaBlue™ E.Coli cells.
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6.2.4.b Transformation

The transformation was done in competent NovaBlue™ H. cadls. These are a
commercial variety of DH3: cells. These cells are the usual hosts of choicdhier
primary cloning of the target plasmid, as they have highsformation efficiency and
yield large quantities of high quality DNA. These cellklélte gene coding for the T 7

RNA polymerase and hence cannot be used under expressainocen

For the purpose of transformation, about 20 ul of fraempetent cells in a microfuge
tube were allowed to thaw on ice for about 2 — 5 minutekowing this, about 2 pl of
the ligation mixture (containing less than 10 ng of DNAgswadded to the cells and
gently stirred. The mixture was the immediately placedice and incubated for 5
minutes. Subsequently the tubes was placed for exactlgc@ds in a water bath at 42°
C and then placed back in ice for 2 minutes. This heat ghm¢&col would ensure that
the bacterial walls become permeabilized for the uptakeecadded DNA. At the end of
this procedure the transformation mixture was plated anfmool of about 40 ul SOC
medium and then spread evenly on the surface of arp&garcontaining ampicillin at a
working concentration of 50 pg/ml. The plates were iatedh overnight at 37° C and
subsequently checked for the presence of positive colonies. d@strol, plating was
done using untransformed competent cells, which technislhdiyld not form colonies as
they do not possess the ampicillin resistance geneaicent in the pCDNAG/His™ A

recombinants.
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6.2.4.c Screening for positive recombinants by Colony PCR

Following an overnight incubation of the transformed tomg, colonies would appear if
the transformation was successful. Although most ef dblonies that appear on the
plates are those that arise from recombinants, arfawbe the outcome of a few uncut
pPCDNAG6/His™ A plasmids, which would have escaped the gatibn process, getting
transformed into the competent cells. In order tofydhe true identity of the positive
colonies, they are screened for the inserts by dirgloing PCR of the colonies, using
vector specific primers. The primers used for this purpweetheT 7 Promoter Primer
and theBGH reverse PrimerThese primers amplify the region between the premarnd
terminator regions and by running an agarose gel on the RCRoremixture, the size of
the inserts can be assessed. The sequence of the paneees followqobtained from

www.invitrogen.con):

T7 Terminator Primer 5-GCTAGTTATTGCTCAGCGG-3'

BGH reverse Primer 5- TAGAAGGCACAGTCGAGG-3’

Briefly, a colony was picked from the primary transfi@ation plate using a micropipette
tip and placed in a tube containing 14 ul of sterile deionizagtrvA PCR master mix
with the following composition was made for the coldt?@R: 2 ml of 10 X Taq buffer,
1.5 ml of MgC4 . 0.5 ul of Taqg Polymerase enzyme, 1 pl of 20mM dNTP mix, 0d§ p
5mM T 7 promoter primer, 0.5 pl of 5mM T 7 terminator ptimEhe cycling conditions
were — 94° C initial denaturation for 5 minutes , followed3bycycles of denaturation at
94° C for 1 minute, annealing at 55° C for 1 min, extension a€C#af 2 minutes and a
final extension phase at 72° C for 6 minutes. At the émldeoreaction, about 15 pl of the

reaction mixture was loaded into the wells of a 1%r@gmgel and run against a DNA
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ladder. As a control, the colony PCR reaction was donée uncut pCDNAG/His™A
plasmid. The size of the prominent band would correspmtigettotal region between the

primers.

Once the correct identities of the colonies were astadd by colony PCR, those
colonies that contained the insert were then grown imé tbibe containing LB medium
by incubating at 37° C for 12 to 16 hours in a shaker at @& sg&x10 rpm. The plasmids
were then extracted and purified from the 5 ml broth gusan GeneJet™ Plasmid
Miniprep kit. The plasmids were then sequenced in an Fd8juencing machine with
pPGEM vector as the control. The results were andlygeChromas Lite™ software. The

alignment of reading frames and absence of mutationsovdsmed.

6.2.5 Estimating the molecular weight of the proteins to bexpressed

The molecular weights of the proteins being expressed basexd on the sum of the total
number of bases of the cloned insert plus the additinersds between the start codon of
the vector and the point of insertion of the insethinithe MCS. Based on the vector
map (Fig 4.2), the number of additional bases betweentéinecodon (ATG) and the
EcoR1 site is exactly 115 bp. The total base pair lendtA3 B4 and ATF5 are 1056 and
849 bp respectively. Adding the extra bases, ATF4 mRNA dvbale a total length of
1171 bp, equivalent to 390 amino acid sequences and ATF5 mRNAl Wwaué total
length of 964 bp, being equivalent to 321 amino acid sequeRoas the assumption

that the average molecular weight of a single amiool & 0.1 kD, the expected

77



molecular weight of our expressed products wouldB®&D for ATF4 and32 kD for

ATFS5.

6.2.6 Co-Transfection of ATF4 and ATF5 plasmids into HEK293 cells

The colonies that generated plasmids having the right segu the cloned genes were
then grown in large numbers for plasmid isolation. Rared this, HEK 293 cells were
grown in and maintained in DMEM supplemented with 10% FetaNirie Serum
(Gibco). The protocol used for transfection was optichizased on the guidelines given

by the company (Invitrogen).

A few days before the transfection procedure, the HElS an culture were trypsinized
and counted. They were subsequently plated as a lowetyden$00 mm culture dishes
(TPP plastics), so that on the day of the transfecttbey would be 60% to 80%
confluent. The cells were maintained in DMEM supplementgd %% FBS, without

the use of any antibiotics. On the day of the transfecibout 2 pug each of ATF4 and
ATF5 plasmids were diluted in 750 pl of DMEM, without ampglemented FBS in a 50
ml Falcon tube. To this mixture about 20 pl of Plus ragi¢fe(Invitrogen) was added and
incubated at room temperature for 20 minutes. Plus reagesrroprietary transfection
enhancing agent, which is supposed to increase the traosfefficiency. In a separate
Falcon tube, 30 ul of Lipofectamine™ Reagent (Invitrogeraldgt: 18324-012) was
diluted in 750 pl of DMEM without serum. At the end of 20hates of incubation, the
plasmid—Plus reagent™ complex was mixed with the Lipofdo@am reagent and

further incubated for 20 minutes. While the complexesviseing formed, the media on
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the plates were replaced with 5000 pl of DMEM supplememntith 10% FBS. At the
end of the incubation period, the complexes were addedtbet100 mm culture dishes
to reach a final volume of 6500 pl. The culture disheewealintained in an incubator at
37° C in 5% CQfor 5 hours, at the end of which the media in each plate topped up
to 10 ml. The transfected cells were maintained inbabator for 48 hours, to achieve
the optimal protein expression. As control, untranstedi&EK cells were grown and

maintained in similar conditions for the required tinsie.

6.2.7 Immunoprecipitation of ATF4 and ATF5 from HEK cell lysates

After 48 hours, the cells were lysed in 1% Nonidet P-40 9 ymiffer. The buffer is
composed of 50 mM Tris-HCI (pH 7.4), 1% Nonidet P-40, 150 mM Na@M EDTA,

1 mM NaF, 1 mM Phenylmethylsulfonyl fluoride, 1 mM {N&®, and 100X Protease
Inhibitor. The cells were lysed at 4° C for 20 minutes &edytsate collected.

For immunoprecipitation, the supernatants were mixed £4dth| of Immobilized Protein
G Plus beads (Catalog No: 22851, Pierce) at room temperature hour and then
centrifuged at 14,000 rpm for 2 minutes. The precipitated beeads discarded and the
total protein concentration estimated in the cell lgsaFor each immunoprecipitation
about 1000 pg of the total protein was incubated with 3 pheoféspective antibody
overnight at 4° C on a rocker. The following day, the imaoprecipitates were collected
by adding 40 pl of the Immobilized Protein G Plus beads and atiombfor 1 hour at
room temperature. The immunoprecipitate-Protein G beadplex was collected by
centrifuging at 14,000 rpm for 2 minutes. The precipitates s@sequently washed five

times in cold PBS. The beads with the protein compleses treated with 20 pl of SDS
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buffer (with added 3-mercaptoethanol) and denatured byngeatt©0° C for 10 minutes.
The proteins were then resolved by SDS-Page and tratwfao nitrocellulose
membrane. Western blot was done with the correspondiiigpdies.

Primary antibodies used for the detection of the resfgeptoteins were:

Rabbit anti human ATF4 (Abcam, ab23760) - 1:1000

Goat anti human ATF5 (Abcam, ab1370) - 1:2000

For ATF4 detection, the secondary antibody used wadRaftbit antibody conjugated to
HRP (Horse radish peroxidase) enzyme, raised in goat (Zy6#6,120), used at a
concentration of 1:15,000. For ATF5 detection, the secgndiatibody used was anti-
Goat antibody conjugated to HRP, raised in rabbit (Abc#&®i/4l), used at a dilution of

1:6000.
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6.3 RESULTS

6.3.1 Insert preparation

The inserts after PCR were run on a 2% gel and the préghgths verified. From Fig
6.3 A and B, it can be seen that the size of the tmsmErresponded to those predicted
from the initial calculation. ATF4 inserts correspondec taroduct size of around 1050
bp (1056 bp — actual length) and the ATF5 inserts correspondegite of around 900

bp (849 bp — actual length)

C

Fig 6.3— Gel picture of the inserts obtained from PCRATF4 (Fig 6.3 A) corresponds
to the 1050 bp marker, while ATF5 corresponds to 900 bp markg6(&iB). Running
the two inserts on the same gel gave a clearer distinbetween the two (Fig 6.3 C).
The one on the left is the ATF4 insert and the onthemight is the ATFS5 insert.
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6.3.2 RE cut and uncut vector

The vector after double digestion was run on a gel.clhesector, being linear, ran at a
slower pace (Fig 6.4, red boundary) when compared to the wector (Fig 6.4,
turquoise boundary), which was supercoiled. This was the badelineating separating

the cut vector from the native uncut vector.

Fig 6.4 — Gel picture of the vector after Restriction Enzyme digdg®n. The uncut
vector (turquoise box) having a weight of 5200 bp, being supedcappears to run
faster than the cut vector (red box). This is becalusdinear structure of the cut vector
impedes its paces through the gel, causing it to appear dalggimnd the uncut vector.

6.3.3 Colony confirmation through Colony PCR

Colony PCR was done on the transformed colonies toifge¢hbse colonies which had
taken up the correct set of inserts. The estimated prdelugth for the ATF4 inserts
within the plasmid was around 1100 bp (Fig 6.5 A) and the samiéhé ATF5 inserts
were close to 950 bp (Fig 6.5 B). The extra base lengtlestdetin each of the inserts
(when compared to the native PCR product above) arextha bases flanking the insets

in the MCS region of the vector and being amplifiedhi®/¢olony PCR primers.
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Fig 6.5— Gel picture of the inserts obtained from colony PCRATF4 insert (Fig 6.5 A) within
the plasmid corresponds to the 1100 bp marker, while ATF5 correspo®@b0 bp marker (Fig
6.5 B)

6.3.4 Western Blot with Anti-His antibody

Cell lysates were immunoblotted with anti-His antipod hree distinct bands were
observed when the blots were stained (Fig 6.6A). The togt end was seen at a
molecular weight of around 80 kD, the second one wasoandr70 kD, while the most
prominent came around 65 kD. Similarly single transfeatith ATF5 alone was able to
generate a single band on anti-His treatment (Fig 616Bates from untransfected cells

when treated with anti His antibody were not ablgdoerate any such bands (blue boxes

in Fig 6.6 A and B).

Untranfected Tranfected Untranfected Tranfected
cell lysate cell lysate cell lysate cell lysate

=T 80kD

\ 70 kD

65 kD :
A B

Fig 6.6 — Anti-His immnuoblotting of the HEK lysates. The lysates obtained from cotransfected cells
(Fig 6.6A) show three distinct bands at molecular weight 80artD 65 kD. Cell lysates from single

transfection with ATF5 (Fig 6.6B) show a single ban@®kD. This can be compared to the lysates from
untransfected control HEK cells (the areas shaded iddteblue box) where no such bands could be seen.

83



6.3.5 Immunoblotting of the lysates with anti-ATF5 and anti-ATH antibodies

Immunoblotting of the cotransfected lysate with antiFATantibody was able to show a
prominent band at 65 kD weight (Fig 6.7A), indicating thatithied at 65 kD was indeed
ATF5 protein. Similarly, immunoblotting with ATF was ablo show two such distinct

bands at 65 kD (Fig 6.7B)

Western with Anti ATES Western with Anti ATF4
Untranfected Tranfected Untranfected Tranfected
cell lysate cell lysate cell lysate cell lysate
- 65kD ____ 65kD
nam
A B

Fig 6.7 — Anti-ATF5 and anti-ATF4 immunoblotting of the HEK lysates. The lysates
obtained from cotransfected cells show a single prominent #a68 kD when immunoblotted
with anti-ATF5 antibody (Fig 6.7 A). Immunoblotting of the sabiet with anti-ATF4 showed
two prominent bands at about the same weight (Fig 6.7 B)i§ hiscomparison to untransfected
controls which do not show any such bands (the area shadetheviark blue box)
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6.3.6 Immunoprecipitation with anti-ATF4; Western Blot with anti-ATF5
Immunoprecipitation with anti-ATF4 and subsequent imablotting with anti-ATF5
showed the presence of two distinct bands. The upper IEnat a molecular weight of

around 65 kD, while the lower one lies at a moleculakr&B2 kD (Fig 6.8).

> 65 kD

— > 30-35kD

Fig 6.8 — IP with anti-ATF4; W B with anti-ATF5. The immunoblotting with anti-
ATF5 showed the presence of two prominent bands. The hdaand was at molecular
weight of 65 kD, while the lighter one was at around 32 kD.

6.3.7 Immunoprecipitation with anti-ATF5; Western Blot with anti-ATF4

Immunoprecipitation of the cell lysates with anti-R8 and subsequent immunoblotting

with anti-ATF4 was able to show a distinct band of mdlcweight 35 kD (Fig 6.9).

= —*> 35kD

Fig 6.9 — IP with anti-ATF5; WB with anti-ATF4. The immunoblotting with anti-
ATF4 showed the presence of a single, distinct band tdaufar weight 35 kD.
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6.4 DISCUSSION

Immunoprecipitation is one of the commonly used metHodslemonstrating the ability
of proteins to interact with one another. In this pcthre the protein of interest is
precipitated with Protein G beads initially using specditibody. If there are any
binding partners to this protein, they would also be pulledndioywvthe first antibody and

could be detected by a second antibody, specific to thengipertner.

To look for any interaction between ATF4 and ATF5, we diegtito clone the two genes
in a mammalian expression vector. The inserts thae wenerated by PCR from the
Human MGC (Mammalian Gene Collection) cDNA clones the respective proteins
were of the correct base pair length (Fig 6.3 A, B apdl@e subsequent transformation
in Novablue™ cells was successful and we were able tdesoddonies that had taken up
the right set of inserts (Fig 6.5). The plasmids isdldtem these colonies were then
cotransfected into HEK 293 cells. These cells have bsed extensively for in vivo
transfection and protein expression and have been krmowield consistently good
transfection and expression efficiencies (Okamoto ‘élet2005; Sauerwald TM et al.,
2002).

Western blot done on the cell lysates with anti-Hisk@dy showed three distinct bands
(Fig 6.6 A). Anti-his antibody is very specific for detiaegtexpressed proteins, as it binds
to the unique repeats of histidine sequences seen in the sgpresy, and thus cannot
bind to the native histidine residues. The molecular igigatected were around 80 kD,
70 kD and 65 kD. The subsequent blotting with anti-ATF5 antilvealy able to generate

a band at the 65 kD mark. This implies that ATF5 proteirghtride present at the 65 kD
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mark. This is roughly twice the estimated molecular weedATF5, which is around 32
kD. A possible explanation for this finding maybe becahseATF5 in the cell lysates
are being strongly bound to each other, generating &ioation of homodimers. Also it
may be possible that the other two bands seen at 75i&BGKD maybe the outcome of
such binding in the lysates. With the molecular weighhohomeric ATF4 being 39 kD,
a homodimeric form could possibly have a moleculargiveof around 78 kD (which
could theoretically correspond to the highest band in Bi§.6Similarly a heterodimer of
ATF4 and ATF5 would be expected to have a molecularheaf71 kD (39 + 32). The
band seen at 75 kD could as well imply a heterodimer df4A@and ATF5. Though it
could be presumed from this that ATF5 is forming dimerthencell lyste, it would be
rather premature to assert that the same occurs innvive body. This is because small
alterations in pH and ionic concentrations of the lyslhites may be enough to alter the
affinity and binding properties of proteins. Another reasothat in vivo, these proteins
are being expressed in very minute quantities. Situatikesthiis, where proteins are
being generated in large quantities, itself maybe enough heemtle their binding

properties.

When immunoprecipitation was done with anti-ATF4 arel pall down immunoblotted
with anti-ATF5, two distinct bands were generated (Fig 618k heavier band (at a
molecular weight of 65 kD), corresponded to the one tha elmerved in Fig 6.6A.
Along with this, a smaller band between 30 to 35 kD cowdd &l seen. The heavier
band could be the dimerized form of ATF5, just like thee® seen in the plain cell

lysates. The smaller band, which was also detectedantiPATF5 antibody, corresponds
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to the molecular weight of ATF5 monomer predicted fraun calculations (ie around 32
kD). It could be implied from these findings that immunopation with anti-ATF4

antibody was able to pull down with it two distinct bawdATF5 proteins. The heavier
band might be the homodimeric form of ATF5, while fighter band could be the

monomeric form of ATF5.

In the next phase, where immunoprecipitation was datieanti-ATF5 and western was
done with anti-ATF4, we were able to pull down a protemiigaa molecular weight of
around 35 kD (Fig 6.9). The presence of a single, distinud baing detected with anti-
ATF4 would imply that the protein being detected here esmionomeric form of ATF4
itself. However, the molecular weight that is besegn here is lesser than that predicted
for ATF4 (i.e. about 39 kD). This discrepancy may steomfthe possibility that ATF4
protein may have undergone degradation or might have pesmaturely cleaved,
yielding a smaller fragment. At this point, it could foe@sumed that when ATF5 protein

is being pulled down from cell lysates, ATF4 would be &sgulled out.

6.8 CONCLUSION

When immunoprecipitation was done on these cell lysat¢aining expressed ATF4 and
ATF5, ATF5 pull down resulted in co-precipitation of ATRhd vice versa also,

implying that these two proteins might have the possibditynteracting with each. If

such a possibility exists, it might mean that this ixdtgon could influence the manner in
which ADSCs undergo osteogenic differentiation. Howetlgis experiment is fraught

with a few drawbacks, namely the inability to correctlymai an in vivo environment.
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Since this work was done on cell lysates having an aberedaithe interacting proteins
(unlike the physiological situation where these trapsion factors are found in very low
concentrations within the nucleus), it would be prematorartive at the conclusion of
the nature of interaction and hence the subsequéatteif these protein interactions.
Even then, looking at the data from the gene silencipgraxents and the cotransfection
experiments, it could be gathered that ATF5 might havevaekce in the osteogenic

differentiation of ADSCs.
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CHAPTER 7

CONCLUSION AND FUTURE LINE OF WORK

Human adipose tissue is a rich source of stromal. délis work has shown that adipose
tissue isolated from lipoaspirates of human donorsegorocessed to yield a population
of stromal cells, called ADSCs, having unique propertidesé cells when grown in
cultures exposed to osteogenic stimuli showed markers suggesimmitment towards
the osteogenic lineage. Alizarin red staining and Immutathemistry showed
significantly visible differences between the osteddiced and uninduced samples. These
finding were corroborated by real time PCR which showednareased expression of
specific markers like osteocalcin and Runx2 in the osteo-gwtlgooups. However, there
was considerable variation in the gene expression patterst@pontin and osteonectin
among different donor groups. The expression of the prédem of the above two genes
gave a variable result in the western blot experimé&g®xplained in Chapter 4, such an
inter donor variability in marker expression could bedb&come of several factors like ,
differential sampling techniques or functional differenae the osteogenic potential of

the MSCs or variations in the physiological statdishe patients.

Previous work done by Leong TWD had shown that one platigene, known as ATF5,
was consistently down regulated during osteogenic inductionABECs. As a
continuation of this, the change in gene expression profildDSCs to osteogenic

stimuli when the expression of ATF5 was silenced byARMNerference was observed. It
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was observed that when ATF5 gene expression is silenddds#NA, an increased
expression of osteocalcin was seen in some of thE@G\even in the absence of any
inducing factors. The expression of another protein which bdeen implicated in
mediating the process of osteogenesis in non-ostealdst known as ATF4 was also
studied. An increased expression of ATF4 was also seemrie, dnut not all the samples
studied, which might be due to the intrinsic differencetwben the osteogenic

capabilities of the different cell samples.

The subsequent cotransfection and immunoprecipitationriexpets with ATF4 and
ATF5 proteins showed that these two proteins have thentdtéo bind to each other.
However, the shortcomings of these experiments weat ttiey were done with cell
lysates having proteins expressed in large quantities. Thenpees# an excess of
proteins and the different buffering environment could haviianted the extent of
interaction between the two proteins. Though the bindingerobd in the in vitro
expressed proteins was not conclusive enough to prove thataspibBnomenon does
occur in vivo, this further strengthened the hypothesis limating of ATF4 and ATF5

may indeed occur and influence the behavior of ADSCs wgtepgenic conditions.

A better way of estimating the nature of interactibasveen transcription factors in vivo
maybe to look at the nuclear extracts of native celtsvever, the lower concentration of
these factors in the nucleus might also influenceaigome of the experiments. A
knock out model, in which there is targeted disruptiorhefgenome, would bring about

the phenotype change that occurs from the absence @impetpression. Profiling the
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expression pattern of such a model would reveal thosevpgs and signals that come
directly under the influence of the disrupted protein.ifnty, lentivirus mediated stable
gene suppression would also bring about such an outcomemtiusg it possible to

focus in the right direction.

The findings in this thesis indicate that osteogenic indncif ADSCs is a property that
varies among donor samples. Apart from the ATF fanoflyproteins, there could be a
number of other transcription factors that interplay ring about osteogenesis in
ADSCs. A clearer understanding of the molecular mechaniswuld better identify

critical pathways that could be modulated to this effect.
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