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CAPITOL 1 : A haplotype-based analysis of the LRP5 gene in relation to
osteoporosis phenotypes in Spanish postmenopausal women.

REFERENCIA:

Agueda L, Bustamante M, Jurado S, Garcia-Giralt N, Ciria M, Salé G, Carreras R,
Nogués X, Mellibovsky L, Diez-Pérez A, Grinberg D, Balcells S.
Journal of Bone and Mineral Research. 2008 Dec; 23(12):1954-63.

RESUM:

LRP5 codifica per la proteina 5 relacionada amb el receptor de les
lipoproteines de baixa densitat, una proteina transmembrana que participa en la via
de senyalitzacid de Wnt. LRP5 és un regulador clau per al creixement i diferenciacié
dels osteoblasts, i que per tant, afecta a la massa Ossia en els vertebrats.
Tantmateix, és important saber si la variabilitat comuna en LRP5 esta associada a la
variacid normal dels valors de densitat mineral ossia (DMO) o als fenotips
osteoporotics. En el present treball, varem utilitzar una aproximacié basada en
haplotips per a la cerca de variants comunes d’LRP5 associades amb |’osteoporosi,
en una cohort de 964 dones post-menopausiques espanyoles. Es van seleccionar
vint-i-quatre SNPs que cobrien la regié genomica d’LRP5, incloent les variants
missense p.V667M i p.A1330V. Els SNPs es varen genotipar i se’n va testar
I'associacié amb la DMO lumbar, la DMO femoral i la presencia de fractura
osteoporotica, a nivell d’SNPs individuals i d’haplotips, mitjancant models de
regressié. Varem trobar associacio amb la DMO lumbar per al SNP 1, rs312009,
localitzat a la regio 5’ flanquejant del gen (p = 0,011, model recessiu). L'SNP 6,
rs2508836, a l'intré 1, també es va trobar associat amb DMO lumbar (p = 0,025,
model additiu) i amb DMO femoral (p = 0,031, model recessiu). Dos SNPs es varen
mostrar associats amb fractura: 'SNP 11, rs729635, a I'intré 1, | I'SNP 15, rs643892,
a l'intréd 5 (p = 0,007 model additiu i p = 0,019 model recessiu, respectivament).
L’analisi per haplotips no va proporcionar associacions addicionals, excepte per a
I’"haplotip "GC" del bloc localitzat al extrem 3’ del gen. Aquest haplotip abarca I'intré
22 ila regi6é 3’ no traduida i es va trobar associat amb DMO femoral (p = 0,029, una
copia de I'haplotip versus cap). Les analisis in silico varen mostrar que I’'SNP1
(rs312009) es troba en un lloc putatiu d’unié de Runx2. Els assaigs de canvi de

mobilitat electroforetica varen confirmar la unié de Runx2 en aquesta posicid.
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INFORMACIO SOBRE LA PUBLICACIO | INDEX D’IMPACTE:

La revista Journal of Bone and Mineral Research (JBMR) proporciona un
forum per a articles de la maxima qualitat de I'ambit de la biologia i la fisiologia
ossies, de les hormones que regulen el metabolisme ossi i mineral, i de la
patofisiologia i el tractament dels defectes del metabolisme ossi i mineral. EI JBMR
és la revista oficial de la Societat Americana de Recerca Ossia i Mineral (American
Society for Bone and Mineral Research , ASBMR) i la publica mensualment Wiley-
Blackwell en nom d’aquesta societat. Es la primera en el ranking de revistes
d’aquest camp, amb un factor d’impacte de 6,443. El seu editor en cap és Thomas L

Clemens (Baltimore, Maryland, USA).

APORTACIO PERSONAL A L’ARTICLE:

- Extraccioé dels DNAs d’ aproximadament la meitat de les mostres de la cohort
BARCOS. Aquestes mostres han estat usades en d’altres estudis d’associacié
realitzats pel nostre grup de recerca.

- Seleccio dels SNPs a genotipar

- Disseny dels plexes d’SNPlex, en col-laboracié amb altres membres del grup i amb el
suport del CEGEN

- Reconstruccio dels haplotips, analisi estadistica i interpretacioé dels resultats

- Calculs de poder estadistic i d’estratificacié poblacional

- Estudis funcionals per al SNP rs312009

- Elaboracid del primer esborrany de I'article i participacié en I'elaboracié del

manuscrit final.

VIST-I-PLAU DELS DIRECTORS DE TESI:

Dra. Susana Balcells Comas Dr. Daniel Grinberg Vaisman

CAPITOL 2: Large-scale analysis of association between LRP5 and
LRP6 variants and osteoporosis.

REFERENCIA:
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van Meurs JB, Trikalinos TA, Ralston SH, Balcells S, Brandi ML, Brixen K, Kiel DP,
Langdahl BL, Lips P, Ljunggren O, Lorenc R, Obermayer-Pietsch B, Ohlsson C,
Pettersson U, Reid DM, Rousseau F, Scollen S, Van Hul W, Agueda L, Akesson K,
Benevolenskaya LI, Ferrari SL, Hallmans G, Hofman A, Husted LB, Kruk M, Kaptoge S,
Karasik D, Karlsson MK, Lorentzon M, Masi L, McGuigan FE, Mellstrém D, Mosekilde
L, Nogues X, Pols HA, Reeve J, Renner W, Rivadeneira F, van Schoor NM, Weber K,
loannidis JP, Uitterlinden AG; GENOMOS Study.

Journal of the American Medical Association. 2008 Mar 19;299(11):1277-90.

RESUM:

CONTEXT: Mutacions en el gen de la proteina 5 relacionada amb el
receptor de les lipoproteines de baixa densitat (LRP5) causen sindromes
minoritaries caracteritzades per |'alteracid de la densitat mineral ossia (DMO).
Algunes variants genetiques comunes en LRP5 podrien afectar al risc de patir
osteoporosi en la poblacié general.

OBJECTIU: Generacidé d’evidencies a gran escala de I'associacio de dues
variants comunes d’LRP5 (Val667Met, Ala1330Val) i una variant d’LRP6 (lle1062Val)
amb DMO i risc de fractura.

DISSENY:  Estudi prospectiu, multicentric i col-laboratiu de dades
individuals de cada un dels 37.534 individus procedents de 18 grups europeus i
nord-americans participants. La recopilacié de dades es va dur a terme entre
setembre del 2004 i gener del 2007; I'analisi de les dades es va realitzar entre febrer
i maig del 2007. La DMO es va determinar per absorciometria dual de raigs X. Les
fractures es varen identificar via qliestionari, registres médics o documentacid
radiografica; per algunes de les cohorts es disposava de dades sobre les fractures
incidents, certificades per mitja de métodes de vigilancia rutinaris, incloent examen
radiologic per les fractures vertebrals.

PRINCIPALS FENOTIPS ESTUDIATS: Densitat mineral ossia lumbar i del coll
del femur; prevalenca de totes les fractures i de fractures Unicament vertebrals.

RESULTATS: L’al-lel Met667 d’LRP5 va resultar associat a DMO lumbar
reduida (n = 25.052 [nombre de participants amb dades disponibles]; per cada copia
de I'al-lel Met667, reduccié de la DMO de 20-mg/cm?; P = 3,3 x 10®), i també ho va
fer I'al-lel Val 1330 (reduccié de la DMO de 14-mg/cm? per copia de Val1330, n =

24.812; P=2,6 x 10'9). Per la DMO femoral es varen observar efectes similars, amb
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un descens de 11 mg/cm? (P = 3,8 x 10°) i 8 mg/cm? (P = 5,0 x 10°) per al-lel
Met667 i Val1330, respectivament (n = 25 193). Els dos al-lels van resultar associats
amb fractura vertebral (odds ratio [OR], 1,26; interval de confianca del 95% [Cl],
1,08-1,47 per Met667 [2001 fractures d’entre 20.488 individus] i OR, 1,12; 95% ClI,
1,01-1,24 per Val1330 [1988 fractures d’entre 20.096 individus]). El risc per a
gualsevol tipus de fractura també es va trobar incrementat per Met667 (OR, 1,14;
95% Cl, 1,05-1,24 per al-lel [7876 fractures d’entre 31.435 individus]) i Val1330 (OR,
1,06; 95% Cl, 1,01-1,12 per al-lel [7802 fractures d’entre 31.199 individus]). Els
efectes foren similars al realitzar ajusts per edat, pes, talla, estat menopausic i I'Us
de terapies hormonals. Els riscs de fractura es mostraren parcialment atenuats per
I'ajust per DMO. L’analisi d’haplotips va indicar que les variants Met667 i Val1330
afecten independentment a la DMO. El polimorfisme lle1062Val d’LRP6 no es va
trobar associat amb cap dels fenotips osteoporotics. Totes les associacions
esmentades anteriorment, excepte per Vall330 i tots els tipus de fractura,
continuaven essent significatives després dels ajusts corresponents per multiples
tests.

CONCLUSIONS: Les variants comunes d’LRP5 es troben associades de
manera consistent amb la DMO i el risc de fractura en diferents poblacions
blanques. La magnitud de I'efecte d’aquestes associacions és modesta. LRP5 podria
ser el primer gen que supera els nivells de significacié genome-wide (un nivell de
significacié conservatiu [aqui P < 107, sense ajustar] que té en consideracid les
possibles comparacions en el genoma huma) per a un fenotip relacionat amb

I’osteoporosi.

INFORMACIO SOBRE LA PUBLICACIO | INDEX D’IMPACTE:

La revista Journal of the American Medical Association (JAMA) és una de les
publicacions mediques més importants del moén, publicada ininterrompudament
des del 1883 amb 48 edicions I'any. El seu principal objectiu és la promocié de la
ciencia i la medicina per a la millora de la salut publica. Abarca un rang ampli de
temes meédics. El seu index d’impacte és de 31,718. El seu editor en cap és la

doctora Catherine DeAngelis (MD, MPH).
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APORTACIO PERSONAL A L’ARTICLE:

- Extraccié dels DNAs d’ aproximadament la meitat de les mostres de la cohort
BARCOS. Aquestes mostres han estat usades en d’altres estudis d’associacié
realitzats pel nostre grup de recerca.

- Genotipat dels polimorfismes Val667Met i Alal330Val d’LRP5 i lle1062Val d’LRP6
en la cohort BARCOS i en les mostres control del projecte GENOMOS.

- Control de qualitat dels genotips generats en la cohort BARCOS i de les dades

associades a cada membre de la cohort.

VIST-I-PLAU DELS DIRECTORS DE TESI:

Dra. Susana Balcells Comas Dr. Daniel Grinberg Vaisman
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CAPITOL 3: Functional relevance of the BMD-associated
polymorphism rs312009. Novel implication of Runx2 in LRP5
transcriptional regulation

REFERENCIA:

L. Aguedal, R. VeIézquez-Cruzl#, R. Urreizti®, P. Sarrion?, S. Jurado?, G. Yoskovitz?, R. Guerri’,
N. Garcia-Giralt?, X. Noguész, L. MeIIibovskyZ, A. Diez-Pérez’, P. J. Marie®, S. Balcells'*, D.
Grinberg'*

'Dpt Genetics, Faculty of Biology, University of Barcelona, IBUB, CIBER de Enfermedades
Raras (CIBERER), Barcelona, SPAIN

’Internal Medicine, URFOA, IMIM, Hospital del Mar, Autonomous University of Barcelona,
Barcelona, SPAIN

3Inserm U606 and University Paris Diderot, Paris, FRANCE

Sotmés a Journal of Bone and Mineral Research.
RESUM:

LRP5 és un dels gens establerts de susceptibilitat a I'osteoporosi. Diversos estudis
d’associacio han conduit a la identificacié de polimorfismes individuals que determinen la
variacidé entre individus en els valors de densitat mineral Ossia, aixi com en el risc de
fractura. En un treball anterior varem identificar un polimorfisme associat a la densitat
mineral oOssia lumbar, anomenat rs312009, i localitzat a la regié 5 d’LRP5. Per mitja
d’assaigs de retardament en gel, es va identificar un lloc d’unié de Runx2 en la seva posicid.
L'objectiu del present treball ha estat testar la funcionalitat d’aquest polimorfisme i
analitzar si Runx2 podia ésser un regulador de I'expressié d’LRP5.

En una regid de 3,3kb que flanqueja LRP5 per 5’ s’han cercat elements d’'unid a
Runx2 per mitja d’eines predictives bioinformatiques. S’"han usat assaigs de retardament en
gel i de gen reporter per testar la funcionalitat d’aquests llocs d’unid. Per mitja de
mutagénesi dirigida, aixi com de cotransfeccions amb Runx2, s’ha volgut determinar la
participacié de Runx2 en la regulacié d’aquesta regié d’LRP5. Les diferents construccions
s’han transfectat en les linies osteoblastiques U-2 OS i Saos-2 i en Hela.

S’ha observat diferéncies al-leéliques en la capacitat transcripcional del rs312009 en
les dues linies osteoblastiques, on I'al-lel T presentava major capacitat que el C. La
transfeccio de Runx2 en les cél-lules Hela ha demostrat que la regio reguladora estudiada,
era capa¢ de respondre a Runx2 d’una manera dosi-depenent i que el lloc de Runx2

préviament identificat participava en aquesta resposta. S’han identificat quatre llocs
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addicionals d’unié de Runx2 en la regid 5’ estudiada. En els experiments de luciferasa, on
cada un dels llocs de Runx2 han estat mutats individualment, s’ha posst de manifest la
participacié de tots ells en la resposta a Runx2.

En conclusid, les diferencies al-léliques observades semblen indicar que rs312009 és
un polimorfisme funcional implicat en 'esmentada associacié. Que ens consti, aquesta és la
primera vegada que es descriu la accié directa de Runx2 sobre el gen LRP5. Es doncs una
nova evidencia de les connexions ja descrites entre la cascada del factor de transcripcio

Runx2 i la via de senyalitzacié de Wnt, dos importants sistemes reguladors ossis.
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ABSTRACT: LRP5is an osteoporosis susceptibility gene. Associatinalyses
reveal individual SNPs that determine variationbione mineral density (BMD)
among individuals as well as fracture risk. In &vwus study, we identified a
lumbar spine BMD-associated SNP, rs312009, locatethe LRP5 5’ region. A
Runx2 binding site was identified in this region ¢l shift experiments. Here we
test the functionality of this SNP and examine wketRunx2 is indeed a regulator
of LRP5expression.

Gene-reporter assays were used to test rs31200&iduoality. Bioinformatic
predictive tools, gel-shift and gene-reporter assaere used to identify and
characterize additional Runx2 binding elementshi@ 8.3 kb region upstream of
LRPS5.

Allelic differences in the transcriptional activibf rs312009 were observed in the
two osteoblastic cell lines, the T allele beingedtdr transcriber than the C allele.
Runx2 cotransfection in HelLa cells revealed thatltRP55’ region responded to
Runx2 in a dose-dependent manner and that thegmsyiidentified Runx2 binding
site participated in this response. Four other Rupixding sites were identified in
the 5’ region ofLRPAS Luciferase experiments revealed the involvemdrdach of

them in the Runx2-response.
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The allelic differences observed point to the ineahent of rs312009 as a functional
SNP in the observed association. To our knowletlgs, is the first time that the
direct action of Runx2 obhRP5has been described. This adds evidence to prdyious
described links between two important bone-regudptisystems: the Runx2

transcription factor cascade and the Wnt signgiiaipway.

KEYWORDS: LRP5, Runx2, SNP, luciferase, osteoporosis

INTRODUCTION

The LRP5 gene encodes the low-density lipoprotein recemdlated protein 5
(LRP5), a transmembrane protein that is involvedWmt signaling. The Wnt
pathway has been shown to be related to bone mdss@tabolism (1-2) . Its role as
an essential regulator of bone mass was discougrdihkage studies in two rare
human diseases, osteoporosis-pseudoglioma synd©R®G) and high bone mass
(HBM) (3). In osteoblasts, LRP5 can transduce camabrsignals to promote the
renewal of stem cells, stimulation of pre-ostedblasplication, induction of
osteoblastogenesis, and inhibition of osteoblagtemteocyte apoptosis by increasing
the levels of B-catenin and altering gene expression through tig=/TCF
transcription factors (4).

Runx2 (also known as Cbfal or AmI3) is a transwipfactor that is essential for
the differentiation of osteoblasts, the cells resiole for bone formation and
skeletal development (5). As demonstrated by segeretic studies in mouse and
human, Runx2 has well defined roles in mediatingeadast differentiation and
maturation, in controlling proliferation and in fgrting normal osteogenesis. In
addition, Runx2 deficiency and mutations affectitsgfunction cause a severe bone
phenotype, named cleidocranial dysplasia (CCD).th&t molecular level, Runx2
activates or represses gene expression followirgpexific interaction with the
osteoblast-specific element (OSE) that is presetiie promoter or enhancer regions
of its targets, by organizing protein complexest tltan activate or repress
mammalian gene expression depending on the celltar promoter/enhancer
context (6-8). Runx2 factors interact with otheanscription factors and recruit
numerous chromatin-modifying proteins that reguigé@e expression (9). Among

the co-factors that interact with Runx proteins apeactivators such as p300 and
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CREB binding protein (CEBP); and co-repressors agmSin3A, transducin-like
enhancer of split proteins (TLES), and severabnistdesacetylases (Hdacs).
Several Runx2 responsive elements have been igehtif important bone-related
genes, such as osteocalcin (10-16), osteoproted&r)) osterix (18) and bone
sialoprotein (19-21), among others. More interggyinfunctional Runx2 binding
sites have been described in the promoters of genether Wnt signaling pathway
elements, such &880ST(22) andAXIN2 genes (23). Sost is a secreted protein that
can act as an inhibitor of canonical Wnt signalimginteracting with Lrp5/6 co-
repressors whereas Axin2 is a negative regulatothef pathway by another
mechanism based on the promotiorfafatenin degradation (reviewed by Liu et al.
(24)).

Other links between Runx2 and canonical Wnt sigigapathways have previously
been reported. Khaler et al. (12) described Lefiina effector of Wnt signaling, as
a Runx2 transcriptional regulator. Gaur and coltabmrs (25) and Reinhold (26) also
reported cooperation between LEF/TCF and Runx2ofacin RUNX2's own
promoter and th&GF18 promoter respectively. Recently, McCarthy and @siat
(27) presented novel evidence for bidirectionaksrtalk between the Wnt pathway
and Runx2 in osteoblasts. However, regulatory wewlent of Runx2 inLRP5
transcription has not been reported to date.

Several allelic variants in theRP5 gene have been associated with osteoporotic
phenotypes such as bone mineral density or fractudéferent association analysis
approaches, such as single missense SNP analgsis;wjde analysis and even
GWA (reviewed by Li et al. (28)). TherefoleRP5 is a confirmed osteoporosis
susceptibility gene. In this sense, we have preslyoteported the association of a
LRP5 promoter SNP, rs312009, with lumbar spine boneenaindensity (29). A
Runx2 binding element was identified at the polypmoe site by gel shift
experiments, but there were no differences in timelibg capacities of the two
possible alleles of rs312009. In the present stw@yanalyzed the putative functional
involvement of this polymorphism in the transcryial activity of theLRP5 5’
region. We also characterized other putative Rurnrg@ing elements located in this
region and studied their involvementliRP5transcriptional regulation.



68

RESULTATS

MATERIALS AND METHODS

Cell culture

The human osteosarcoma cell lines Saos-2 and U-2 @@ the human
adenocarcinoma cell line HelLa, were obtained frov@ American Type Culture
Collection (ATCC# HTB-85, ATCC# HTB-96 and ATCC# CQ™, respectively).
All cell lines were cultured in Dulbecco’s modifiddagle’s medium (DMEM),
supplemented with L-glutamine (292 mg/l), 10% hieaictivated fetal calf serum
(FCS) and 1% antibiotics (Penicillin and Streptomyénvitrogene).

Immortalized human neonatal calvaria cells (IHNCgrev obtained as described

previously (30) and were the generous gift of Dic Hay.

In silico prediction and alignment tools

The presence of putative Runx2 binding sites wagess®d using two predictive
tools: Matinspector from GENOMATIX (31) with the @similarity threshold set at
0.75, and TFSEARCH (32) with the threshold for gtarce set at 85.

The DNA sequence conservation of putative Runx2libgn sites across available
eutherian mammals was inspected using the compargénomic tool BlastZ-net
available in the Ensembl database (33).

Western blot

Nuclear cell extracts from Saos-2, U-2 OS and Helese prepared as described
previously (29). Twenty and thirty micrograms obf@in were resolved by SDS-
PAGE (12.5% polyacrylamide), transferred onto miéltulose membranes and
analyzed by standard immunostaining using an HRipugated secondary antibody
and chemiluminescence detection. The following primantibodies were used:
Runx2 M-70 at 1:800 dilution (Santa Cruz Biotecligiés, SC-10758x), and
nucleoporine NP62 at 1:4000 dilution (BD Bioscies)céor the loading control.
Horseradish peroxidase-conjugated secondary amgbodere used (GARPO and
SAMPO, respectively; SIGMA). Immunoreactive bandsevdetected by incubating
the membrane for 2 min in the following solutio® dl of 100 mM Tris-HCI (pH
9.0), 50 pl of 45 mM p-coumaric acid, 50 pl of lunoi, and 10 ul of 30% #D-.
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Real-time quantitative PCR

IHNC, Saos-2 and U-2 OS cells were cultured in 60 dishes to confluence. RNA
extractions were performed using Trizol reagentviffogen) according to the
manufacturer's instructions. RNA quantity and oiyaliwere assessed by
spectrophotometry (Nanodrop ND-1000 Spectrophotem&tanodrop Technologies
Inc.). Three pg of total RNA were reverse transainsing M-MLV RT (Invitrogen)
with oligo-dT priming according to the manufactisanstructions. Fiveul of a 1/20
dilution of the resulting cDNA were used for suhsext amplification in a
LightCycler 480 (Roche) with SYBR Green fluorescdgé (ABsolute Blue QPCR
SYBR Green Mix, Thermo Scientific) under standaahditions. GAPDH mRNA
was used for normalization, and the results wengressed relative t&RUNX2
expression in the IHNC cell line. For PCR amplifioa the following primers were
used: GAPDH forward: 5-CGAGATCCCTCCAAAATCAA-3’; GAPDH reverse:
5-TGTGGTCATGAGTCCTTCCA-3’; RUNX2 forward: 5'-
TCTGGCCTTCCACTCTCAGT-3' and RUNX2 reverse: 5'-
GACTGGCGGGGTGTAAGTAA-3'.

Electrophoretic mobility shift assays (EMSA)

Saos-2 human osteosarcoma cells (ATCC number HBTA35were grown in
Dulbecco's modified Eagle’s medium (Gibco), supmatad with 10% FCS (Gibco).
Nuclear extracts were prepared according to Schregb al. (34) using a modified
buffer C (10% glycerol and 1.5 mM of Mgl Protein concentrations were
determined by the Bradford method, and nucleaaetgrwere stored at —80 °C until
use. Single-stranded DNA oligonucleotides were raatically synthesized (Sigma
Aldrich) (both forward and reverse strands). Thquesces are listed in Table 1.
Double-stranded probes were obtained by anneatingpementary oligonucleotides
and end-labeling withyf32P] ATP (GE Healthcare or Perkin Elmer), using th
OptiKinase (USB) standard protocol. The unincorpaianucleotides were removed
using a quick-spin G-25 Sephadex column (RochejhdiBg reactions typically
contained 10upg of nuclear extract, 0.ug of double-stranded poly (dI-dC)
(Amersham Pharmacia Biotech), u§ of double-stranded poly (dA-dT) (Roche), 6
ug of acetylated BSA (Promega) and 100,000 cpm dfolabelled probe. The
reaction mixtures were incubated for 30 min at rotemperature in a buffer
containing 20 mM HEPES pH 7.9, 80 mM KCI, 1 mM EDTAMM DTT and 10%
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glycerol in a total volume of 20l. Protein—-DNA complexes were resolved from the
free probes in non-denaturing 7% polyacrylamide: PQels containing 2.5%
glycerol. Electrophoresis was performed at 4 °CLin TBE buffer at 20 mA for
approximately 3 h. Gels were vacuum-dried and exgo® Storage Phosphor
screens (Kodak) at RT for 3—12 h. In competitiosags, the binding reactions were
performed in the presence of an excess of unlabetienpetitor oligonucleotide, as

indicated in each case.

Reporter constructs and gene reporter assays

To generate several constructs with P55’ region linked to a reporter gene, an
initial PCR amplicon spanning Chrll positions 68,843 to 67,080,193 bp
(according to Feb 2009, GRCh37/hgl9 UCSC genomendsdyg) corresponding to
positions -1879 to +11, from A(+1)TG in thdkP5 promoter region, was obtained
from Saos-2 DNA using the following primers F8: 5'-
GAGTCCCAGCAGAGAACAGC-3’, R7:5-GCTGCCTCCATGTTGTCC:3This
fragment was cloned in pUC18/Smal (Amersham PhaarBiotech) by blunt-end
ligation and subcloned b&dd and Ncd digestion in the pGL3 basic vectSrhd
(Promega). This clone was namigidP and contained positiongl9/-1826 ofLRPS
Subsequent digestion &P with Blpl and Ncd produced a 729-bp fragment that
was recloned in the pGL3 basic vecBnid to obtain theBP construct (-49/-778). A
second PCR fragment was obtained using the follgwprimers F. 5'-
GTGATTCTCCCGCCTCAGC-3' and R: 5-TCATGCGTCCCCACTTGE
(Chrll: 68,076,318-68,078,510; 2192 bp) again f@@ns-2 DNA. This fragment
was digested witilel andAvrll and subcloned to aNhd- andAlel-digestedViP, to
give the LP-C construct (-49/-3274). TheP-T construct was obtained by site-
directed mutagenesis using the QuickChange Il Xie-Birected Mutagenesis Kit
(Stratagene Cloning Systems). Site-directed mutglen was also used to
incorporate 2-bp substitutions in the Runx2 bindiitg core sequences to obtain the
MUT1-C, MUT1-T, MUT2, MUT3, MUT4 and MUTS5 constructs. All constructs
were verified by automatic sequencing.

For the luciferase activity assays, 5%xBnos-2, U-2 OS or Hela cells were
plated in 24-well plates and cultured in DMEM wit8% FCS. On the following
day, 1.75ug of reporter construct or 0.87fy of reporter construct plus 0.84§ of
effector and 50 ng of normalizing beta-galactosdagpression vector (Upstate
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Biotechnology) were co-transfected usinguBof Transfast transfection reagent
(Promega). The effector was pCMV-Runx2, a mousexRusoform Il (MASNS)
cDNA cloned in the pCMV5 expression vector (pCMV#RQA) (kindly provided by
Dr. Karsenty, Columbia University, NY, USA). Thisrm has 97.6% homology at
the amino acid level with the orthologous isofonmhumans. Empty pCMV5 vector
(PCMV-EV) was also cotransfected in order to previthe same total amount of
DNA in cotransfection experiments.

Twenty-four/forty-eight hours after transfectiomjciferase and beta-galactosidase
activities were measured in a plate luminometehéeiSAFAS-Xenius XL, SAFAS,
Monaco or a GloMax-Multi Detection System, Promegajng the corresponding
standard commercial kits (Luciferase Assay Systmmega and Chemiluminescent
Beta-Gal Reporter Gene Assay, Roche). The lucéeeasivity was normalized to
the pB-galactosidase activity to correct for transfectiefficiency. The luciferase
activity of the empty pGL3 vector (a measure ofkggiound signal) was subtracted
from normalized experimental values (except in FegRC). The results were
expressed as relative luciferase units (RLU) im&epf the long promoter construct
with the more frequent allele of rs312009 (LP-Cparisfections were performed in

quadruplicate in at least three independent exaris

Statistical analyses

The results of the quantitative PCR and luciferassays are expressed as means *
standard error of the mean (x + s.e.m.). Statis8@mificance was determined by
unpaired Studerittests (for comparisons between different constjuatd by paired
Studentt tests (for comparison of the same construct ifediht cotransfection
conditions). Significance is denoted as follows(ot 8) for p<0.05; ** (or 88) for
p<0.01; *** (or §88) for p<0.001 and **** (or 8888pr p<0.0001.
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RESULTS

Binding of Runx2 to the putative Runx2-respondemment at -2.9 kb of LRP5

The presence of a Runx2 binding site at -2.9 kinfthe transcription start site of
LRP5 has previously been reported (29). In contragh&b indicated by predictive

tools (Table 2), the presence of this binding §&81) was not conditioned by the
presence of the T allele of the rs312009 polymamhias shown in gel shift
experiments in Figure 1A and B. Equivalent patteshshifted bands appeared for
the BS1T (Figure 1A) and BS1C (Figure 1B) probesd @ahe same level of

competition was observed with specific (BS1T or Byland non-specific cold

probes (GRE, SP1). Cross-competition with the o#iflete did not show any allelic

differences either. Specific competition with tretemblast-specific element from the
osteocalcin gene promoter (OSE) revealed the gaation of Runx2 in the retained
protein complex (Figure 1A and B). In addition, whthe core sequence of the
predicted Runx2 binding site was mutated (MUT1-@ &UT1-T) and used as a
cold oligonucleotide competitor, MUT1C was not abdecompete the binding at
BS1C at any concentration, and MUT1T showed songeegeof competition for the

BS1T binding, when added at high molar excess (k500

Levels of Runx2 mRNA and Runx2 protein in humasobkist-like cells and in non-
osteoblastic HeLa

In order to choose the appropriate cell lines fangfection studies, two different
osteoblastic cell lines, Saos-2 and U-2 OS, wesesaed for RUNX2 expression at
the RNA and protein levels. InitiallfRUNX2transcript levels were assessed in the
two osteoblastic cell lines by real-time PCR (Feg2A). Using IHNC as a reference,
the levels of RUNX2 mRNA in U-2 OS were approxima@0% of those in Saos-2.
This difference was even greater at the proteirellg¥igure 2B). The non-
osteoblastic cell line HeLa showed no detectableression of Runx2 protein, as

expected, given the osteoblast-specific expregsdiern of Runx2.

Promoter activity of different fragments of the IIRB' region in three cellular
contexts
The performance of theRP5 promoter region was assessed in the two osteablast

lines as well as in HelLa cells. Three differentardgr constructs, bearing increasing
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amounts of the 5’ region afRP5(BP (up to -778), MP (up to -1826) and LP-C (up
to -3274, bearing the C allele of rs312009)) weaegfected and luciferase activity
was measured (Figure 2C). pGL3-EV (empty vecto uged for normalization. All
constructs showed significantly higher luciferasae activity than pGL3-EV, in all
cell lines. The LP-C promoter activity was highestSaos-2, showing more than
three-fold higher transcriptional activity than p&EV (p<0.0001). In U-2 OS and
HelLa this activity was double that of the empty teedp<0.0001). In all cellular
contexts, MP doubled the transcriptional activitythee LP-C construct (p<0.0001 in
Saos-2, p=0.0130 in U-2 OS, and p=0.0002 in HeB®. also led to increased
luciferase activity relative to LP-C in all celh&s (p<0.0001 in Saos-2 and Hela,
and p=0.0002 in U-2 OS) and to MP in the two ostemmma cell lines (p=0.0003 in
Saos-2, and p=0.0493 in U-2 OS), but not in Hellls.c&hese data point to the
presence of one or several repressor elements éetpasitions -778 and -1826 and
between positions -1826 and -3270. In general, lR®5 promoter activity was

higher in Saos-2 cells than in other cell linesdibthree constructs.

Functional analysis of the rs312009 polymorphism

Given the genomic localization of the SNP rs31200¢he LRP5 promoter region,
we hypothesized that it could have functional imgtions, and that these might be
mediated by the binding of Runx2. To test theseothgses, several reporter-gene
assays were performed.

Four reporter constructs containing 3270 bp ofltR®55’ region were obtained: i)
LP-C, with the C allele in rs312009; ii) LP-T, withe T allele in rs312009; iii)
MUT1-C, with mutated Runx2 BS1 core sequence aadZtlallele in rs312009; and
iv) MUT1-T, with mutated Runx2 BS1 core sequence tre T allele in rs312009. A
schematic representation of the constructs is shawfigure 3, together with their
relative luciferase activities after transfectiorthe above-mentioned cells.

In both osteoblastic cell lines, the promoter begarihe T allele (LP-T) showed
significantly higher transcriptional activity thabP-C. The differences between
means (95% CI) were: 40.7 (£26.5), p=0.0029 in S3a@nd 57.8 (x57.6), p=0.049
in U-2 OS. The difference between LP-C and LP-T duot reach statistical
significance in HelLa cells.

Mutation of the Runx2 core sequence was testedda@ffect on the transcriptional
activity of the LP-C and LP-T constructs. The t@anstional capacity of MUT1-C
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was significantly higher than LP-C in the thred Gaks [differences between means
(95% CI) in Saos-2, 38.27 (£34.7), p=0.031; in @3, 74.1 (x41.1), p=0.0011; and
in HelLa, 333.3 (£209.0), p=0.0022]. On the contraMUT1-T activity was
significantly lower than LP-T only in the U-2 OSlidene [-63.9 (£63.2), p=0.0476].

Effect of Runx2 cotransfection on transcriptionetivaty of the LRP5 5’ region

To assess the response of ttiRP5 5’ region to exogenous Runx2, HelLa cells
(known to lack endogenous Runx2 expression) wetemsfected with increasing
amounts of pCMV5-Runx2 expression vector togethéh wihe LP-C construct.
Luciferase activity was tested at 24 and 48 h af@sfection. Figure 4A shows a
dose-dependent stimulatory effect caused by ingrgammounts of Runx2 vector.
This effect was higher at 24 h than at 48 h. Cafiestion of the maximal pCMV-
Runx2 concentration tested (0.8i{§) caused a more than five-fold increase at 24 h
(p=0.0013). This experimental condition was usedsubsequent cotransfection
experiments.

The stimulatory effect of Runx2 expression obsemedhe LP-C construct was then
tested on the LP-T construct, as well as on MUTARG@ MUT1-T (Figure 4B). LP-
T, but not the mutant constructs, was stimulate®Rbgx2 (p=0.0298), although to a
lesser extent. The differences between means wete 295% CI: 416.9—-71.6) for
LP-C and 102.2 (95% ClIl: 192.9-11.4) for LP-T. Aseatly seen in the simple
transfection experiments (Figure 3), the transmmat activity of MUT1-C and
MUT1-T was higher than that of LP-C and LP-T in Hisence of Runx2.

Taken together, these results indicate thatLfRR55’ region is able to respond to

Runx2 and that BS1 participates in this response.

Search for additional Runx2 binding sites in thd®bR5’ region

After identifying the first Runx2 binding site (Bjlwe looked for other putative
Runx2 binding sites in the 3.3-KRP5 upstream region. The GENOMATIX and
TFSEARCH prediction tools identified four additidrmutative Runx2 binding sites,
as summarized in Table 2. BS2, BS4 and BS5 weregemnatches to the Runx2
consensus binding site (5GIPyGGTPy-3’, where GPyGG is the core) and were
also consistent with the most frequent sequend&gXGGTT-3'. On the other hand,
BS1 and BS3 differed by one base, next to the d®relutionary conservation was

assessed for the five predicted sites (data natrshi@and all showed a certain degree
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of conservation in closely related primates. Irggngly, none was conserved in

mouse or rat.

In vitro assessment of Runx2 binding to the LRP5 upstregrarr

In vitro binding of the Runx2 transcription factor at thtbey four predicted binding
sites (BS2, BS3, BS4 and BS5) was assessed byostatiility gel shift assays.
Figure 5 shows the presence of specific bindingllathe sites tested. While wild-
type competitors had a clear competitive effeds was not the case for the mutated
probes. GRE and SP1, used as non-specific comygetit@re not able to erase the
shifted bands. Specific competition with OSE canéd the involvement of Runx2

in the protein complexes retained in the gel shift.

Involvement of the identified Runx2 binding sitethe transcriptional activity of the
LRP5 5’ region

The functional involvement of the five Runx2 bingisites was tested by gene
reporter assays (Figure 6). The wild-type const(uBt-C) was compared with five
other constructs, each containing the five Runt@ssione of which was mutated
(MUT1-C, MUT2, MUT3, MUT4, and MUT5). Transfectiongere carried out in the
two osteoblastic cell lines and in HeLa. The motatf any of the sites resulted in
significant changes in transcription activity inlaast one of the cell lines. Mutation
of BS5 (MUT5) had the greatest effect in the thce#ls types: around a two-fold
increase in Saos-2 and U-2 OS, and a four-foldeesz in HelLa. The differences
between means were 108.4+32.6 in Saos-2 (p<0.0&Bphx54.0 in U-2 OS
(p=0.0026), and 380.3£131.5 in HelLa (p<0.0001). iailar effect, although
somewhat lower, was observed for site 1 (MUT1-GQ),paeviously shown (see
Figure 3). MUT2 and MUT4 led to a small but sigoéint decrease in luciferase
activity only in U-2 OS (differences between meas87.0+34.7, p=0.038, and -
40.1+£33.8, p=0.0223, respectively), while MUT3 leml a small but significant
increase in Saos-2 (difference between means: 30.2;p=0.0058).

The Runx2 expression vector was cotransfected gatth of the mutants, and the
transcriptional activity was plotted as the folcanhe relative to that produced by
cotransfection with an empty vector (Figure 7). éngral reduction in the Runx2
stimulatory effect was observed for all mutants pared to that of the LP-C wild

type, suggesting a functional role for all sites.plarticular, MUT1-C and MUT3
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were not significantly stimulated by Runx2 cotrausion, while MUT2 and MUT5
were slightly stimulated (p=0.028 and p=0.018, eesipely). Interestingly, a
significant reduction in the activity of MUT4 wasbserved after Runx2

cotransfection (p=0.018).

DISCUSSION

Osteoporosis is a complex disease in which bonétygus impaired and bones are
prone to fracture. As in other multifactorial diseg, a complex interplay between
genetic and environmental factors determines thengiype. Genetic association
analyses have been widely used to study its genetigponent andlRP5 has been
demonstrated to be one of the most relevant ostesisogenes, at the genome-wide
level. A previous study by our group reported aipasassociation between the SNP
rs312009 located in the 5’ region bRP5 and lumbar spine bone mineral density
(BMD), and we identified a Runx2-binding site aist&NP position (29). Runx2 is a
master regulator in bone biology, and targets marpgortant bone genes. Here we
assessed the possible functional role of LREP5 rs312009 polymorphism in the
above-mentioned association. We hypothesized tbhakR binding at the SNP site
(BS1) might be allele-dependent, leading to diffitieed allele-specific transcriptional
capacity. Using gene reporter assays, we showede-alpecific differences in
transcriptional activity between the C and T alled# this SNP. In addition, with co-
transfection and site-directed mutagenesis, we stiale implication of Runx2 in
the regulation of theRP5promoter.

We demonstrated for the first time th&P5is modulated by Runx2. Runx2 and the
wnt signaling pathway, together with Osterix, arey kregulators of osteoblast
differentiation and function (7,35). Some interceations between these pathways
have already been described. For example, the yaofil transcription factors
LEF/TCF that are downstream effectors of the Widatenin signaling pathway,
have been shown to interact with Runx2 on some pters (12,26) and also to act
on the RUNX2 promoter itself (25). On the other hand, the irtbibof the Wnt
signaling pathway SOST is a target of Runx2. Ibbes a Runx2 binding site acting
as transcriptional activator in its promoter (Z2yrthermore, Axin 3 is under Runx2

regulation (23). Here we propose another levekglfation in which Runx2 acts on
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the LRP5 promoter. Interactions between these two mastpraeory networks may
be crucial for osteoblast maturation and maturetfan.

Reporter gene experiments showed allelic differentiee T allele being a better
transcriber, both in Saos-2 and in U-2 OS cellss Tésult is consistent with the fact
that the T allele contains a Runx2 binding sitd thanore similar to the consensus
than that of the C allele. These differences caowdtl be detected by the EMSA
experiments, presumably due to the limited sentsitof the technique.

Importantly, cotransfection of pCMV-Runx2 in Helealls stimulated both the LP-C
and LP-T promoters, revealing for the first time #ffect of this transcription factor
on LRP5expression. The effect was stronger at 24 h thd8 &, which is consistent
with a direct effect of Runx2 on the LRP5 promofEne selective mutation of BS1
(in both allele contexts) abolished this resporsghlighting the relevance of this
binding site for Runx2 stimulation. However, the tation of BS1 resulted in
increased expression in HelLa cells in a Runx2-ieddpnt manner. These changes
may be explained either by the destruction of aesgor binding site or by the
artificial creation of an activator binding sitendeed, anin silico search of
transcription binding sites in the mutated sequeraealed the possibility of a
STATX recognition element, most probably STAT6 (38) both MUT1-C and
MUT1-T.

To further characterize the effect of Runx2 on iP5 promoter, we looked for
additional Runx2 binding sites within the 3.3-klgien included within the LP
construct. Predictive tools allowed the identifioat of four other Runx2 binding
sites (BS2, BS3, BS4 and BS5), which were confirrbgdEMSA experiments.
These are located more than 1 kb upstream of #resdription start site and are
present in primates but not in other mammals, ire@gent with data reported by
Twells et al. (37), which showed the lack IdRP5 promoter conservation between
human and mouse. This lack of evolutionary condemvanay indicate that human
and mouseLRP5 promoters are subjected to different regulatorptias, with
different regulatory boxes or with the same boxatsdoganized differently.

A series of reporter gene experiments in which e&thwas selectively mutated
revealed the participation of each of them in the¥2-response. All BS mutations
affected transcriptional activity but again, théeefs differed according to the site
and the cell type used. Moreover, all BSs, whenviddally mutated, altered the

Runx2-stimulatory effect observed after LP-C RuogBansfection. Runx2 acts as a
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repressor or activator depending on the presenchffefent co-factors or genomic
contexts (38). Further study of the genomic profgnaf each Runx2-binding site
and the presence of possible co-factor interactinag allow dissecting the precise
role played by each BS in the different cell typestthermore, our study of the 3.3-
kb region upstream of theRP5 gene by means of serial deletions suggests the
existence of several repressor elements, sincéutiferase activity was inversely
proportional to the amount of 5’ sequence incluthetthe construct. These repressors
need to be further characterized. To our knowledgdy one previous study has
addressed the dissection of the hurhR#®5promoter (39). In general, our results in
the U-2 OS cell line are consistent with those ioétLal.

One of the limitations of this work is that traription gene reporter assays are
known to be dependent on the cellular systems graglaOther cells that were not
studied here might be relevant. The work by Yadaal.g40) suggests that the effect
of LRP5 on bone depends on its expression in the enteyowifin cells in the
duodenum. Thus, experiments on the regulation efL&P5 promoter in this cell
type should be very interesting. Other membersefRunx family of transcription
factors are expressed in gastroepithelial cell3 &t it would be useful to discern
whether they interact with the BSs described h#rgvould also be important to
assess Runx2 activity in these cells.

In conclusion, the current analysis provides fuorai evidence of the involvement
of the BMD-associated SNP rs312009LRP5 promoter activity. Our functional
analysis also suggests a role for the Runx2 trgtson factor in LRP5

transcriptional regulation in osteoblast-like cells
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TABLES

Table 1. Sequences of the probes used in the EMBérienents (only the forward
strand is shown).

Name Sequence (5-3))

BS1C 5-CCTTTGTTCCGTGGCCGGA-3
MUT1C S-CCTTTGTTCCTGTAACCGGA-3
BS1T 5S-CCTTTGTTCCTGTGGCTGGA-3’
MUTILT 5-CCTTTGTTCCTGTAACTGGA-3’
BS2 5-TGGGGGGGTGGTTTGCAAT-3’
MUT?2 5-TGGGGGGTGTAATTTGCAAT-3
BS3 5-TTGAGAACCCACAGAGACAC-3’
MUT3 5-TTGAGAACTTACAGAGACAC-3
BS4 5-GAAGAAGTGTGGTTGGAGCA-3’
MUT4 5-GAAGAAGTGTAATTGGAGCA-3
BS5 5-GGCCTGATGTGGTTCCTCCC-3
MUTS 5-GGCCTGATGTAATTCCTCCC-3’
OSE 5-CGCAGCTCCCALCACATACC-3
GRE 5-TAATGAGAGAAGATTCTGTTCTAATGACCA-3’

SP1 5-ATTCGATCGGGGCGGGGCGAGC-3
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Table 2. The five predicted Runx2 binding sitesniin the 3-kb LRP5 5’ region.

Chromosomal Matrix similarity ~ Score
Runx2 Position (Feb according to according to
gi't”eds'”g 2009, GENOMATIX  TFSEARCH  >eduence
GRCh37/hg19) prediction * prediction
Chrl1l: MS:0.846 <85
68,077,228 - (only in presence (@)
BS 1 67,077,242 of T-allele of (Tg(;icted) TTCCTGTGGCYGGAG
(-2.9 kb) rs312009) P
Chr11:
68,077,403 - , .
BS 2 67,077 417 MS:0.954 100 GGGETGGTTTGCRA
(-2.4 Kb)
g;] 2)1715 103 - <85
BS 3 ' ' MS:0.859 (Not TGAGAACCCACAGAG
67,078,117 redicted)
(-1.8 kb) P
Chrl1:
67,078,138 - _ o
BS 4 67.078.152 MS:0.949 100 AAMGGAGG
(-1.7 kb)
Chr11:
67,078,794 - .
BS5 67.078.808 MS:0.900 100 TGAGTGGTTCCTCC
(-1.3 kb)

* For all Runx2 sites the Optimized Matrix Similgrivas 0.84 and the Core Similarity was 1.

@Y stands for C/T rs312009, validated frequent SSPW HapMap frequence C 0.776 and T 0.224).

® R stands for A/G rs4988327, validated rare SNPy @ A allele (CEU HapMap frequence 0.941) was
considered further.

© K stands for T/G rs4988329, described in dbSNPuitiout frequency validation (only T allele considd).
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FIGURE LEGENDS

Figure 1. The DNA sequence containing the predicted Runx@ibg site 1 (BS1)
binds nuclear proteins present in osteoblast nuebemacts, including Runx2. DNA
binding was analyzed by gel shift experiments. Labeled double-stranded
oligonucleotide containing the T allele of rs312Q8%1T*) was incubated with 10
png of Saos-2 nuclear extract. Competition expertsxerere performed with cold-T
allele (BS1T)or C-allele (BS1C) oligonucleotides; with the noasific competitors
GRE and Sp1; and with OSE, an oligonucleotide ¢oimg the Runx2 consensus
sequence of the osteocalcin promoiy.An equivalent experiment was performed
with the double-stranded oligonucleotide containitg C allele (BS1C*).C)
Oligonucleotides, BS1C* and BS1T*, competed by ¢beresponding cold probes,
either wild-type or mutated (MUT1C, MUTLT).

Figure 2. Characterization of Runx2 mRNA and protein levatsl assessment of
LRP5 promoter constructs in different cell liné3.Real-Time PCR quantification of
RUNX2 isoform 1l mRNA levels in immortalized human netalacalvaria cells
(IHNC), Saos-2 and U-2 O®APDH was used as the internal normalization gene;
results were expressed relative RUNX2in IHNC. B) Western blot analysis of
Runx2 protein levels in the different cell lines@oyed. Twenty and 3Qg of each
nuclear extract were subjected to SDS-PAGE. Angbednx2 (M-70, SCBT) was
used as the primary antibody, and Nucleoporine NR&2 used for the loading
control.C) The long promoter construct (LP-C) and two deletonstructs (MP and
BP) were assayed for transcriptional activity ie ihdicated cell lines. Luciferase
values were normalized tf-galactosidase activity. The results are represgente
relative to the pGL3 empty vector (pGL3-EV) for bacellular type. The bars
represent the average luciferase activity of astlélaree independent experiments
with four replicates each and the error bars reprethe standard error of the mean.
The significance, according to the unpaired Stutiéest, is represented by asterisks
for comparisons with the LP-C construct within eal line and by “8” for the

comparison of BP with MP, within a given cell line.

Figure 3. Functional effect of rs312009 on the transcripti@wivity of theLRP55’
region. The LP construct in the two possible ailé&irms of rs312009 (LP-C and LP-
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T) was assayed for luciferase activity in three leés (Saos-2, U-2 OS and Hela).
Additional constructs were obtained by selectivadaton of the Runx2 binding site
core sequence (MUT1-C and MUT1-T). The Runx2-bigdsite core sequence is
depicted in bold, the rs312009 position is in baid italic, and the mutated base
pairs are underlined. The results are expressativelto LP-C, after

B-galactosidase normalization and subtraction of &N values. The bars
represent the average luciferase activity of astlélaree independent experiments
with four replicates each; the error bars reprettenstandard error of the mean. The
significance, according to the unpaired Studeest, is represented by asterisks for
comparisons with LP-C, except for MUT-1T values,ahhare compared with those

of LP-T, in the corresponding cell line.

Figure 4. Effect of Runx2 cotransfection on the transcripdbactivity of theLRP5

5’ region. A) Transfection was performed in HeLdlsand luciferase activity was
measured at 24 h (black bars) and 48 h (dashed. bacseasing amounts of the
Runx2 expression vector were cotransfected withLfx¥C construct as indicated in
the table below. The asterisks indicate the steagissignificance (according to the
paired Student test) of the difference between each transfectimh that of LP-C
with only pCMV-EV, except for the one specified &gonnector. B) 0.87fg of the
Runx2 expression vector (dashed bars) or 0l 8y5f the empty vector (black bars)
was cotransfected with the following long promatenstructs: LP-C, LP-T, MUT1-
C or MUT1-T, and luciferase activity was measurtdra24 h. The asterisks indicate
the statistical significance of the difference betw the cotransfection with the
Runx2 expression vector and that of the empty vefito each long promoter
construct, using the paired Studernést. The “8” symbols indicate the significance
of the difference between MUT1-C and LP-C or MUTH ild LP-T, cotransfected
with the empty vector, according to the unpairedd8ntt test. The bars represent
the average luciferase activity of at least thmegependent experiments with four

replicates each; the error bars represent the atdrdror of the mean.

Figure 5. DNA oligonucleotides containing BS2, BS3, BS4 osBpecifically bind
nuclear proteins that are present in osteoblagtra&s. DNA binding was analyzed
by gel shift assays. Labeled double-stranded oligeotide probes were incubated

with 10 pg of Saos-2 nuclear extract. Competitinpegiments were performed with
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the respective cold probes (wt) or mutated coldbeso(MUT2, MUT3, MUT4,
MUTS respectively) at increasing molar excessesb®s containing GRE or the
Spl-binding site were used as nonspecific compstitand the OSE probe as a

Runx2-specific competitor.

Figure 6. Effect of the specific mutation of each of the firenx2 binding sites on
the transcriptional capacity of LP-C. The LP-C domnst was assayed for luciferase
activity and compared with that of the MUT1-C, MUTMUT3, MUT4 and MUT5
constructs, in three different cellular contextad§2, U-2 OS and Hela). A
schematic representation of the constructs is shownthe left. The mutated
nucleotides are underlined. Luciferase values wmemnalized as in Figure 3. The
bars represent the average luciferase activity bfleast three independent
experiments with four replicates each; the erros lvapresent the standard error of
the mean. The significance according to the unda8tident test is indicated by

asterisks for differences with LP-C, in the samstioell.

Figure 7. Effect of each individual Runx2 binding site ntiga on the response to
Runx2 cotransfection. Hela cells were cotransfeetéd 0.875ug of the different
long promoter constructs (LP-C, MUT1-C, MUT2, MUTRAUT4 and MUT5) and
the same amount of pCMV-EV or pCMV-Runx2, and wassayed for luciferase
activity at 24 h. The dashed bars represent tratifmuction of luciferase activity
after Runx2 cotransfection, and the asterisks atdidhe statistical significance
according to the paired Studentest (for each construct with or without Runx2
cotransfection). The bars represent the averageedase activity of at least three
independent experiments with four replicates eactd the error bars represent the

standard error of the mean.



Figura 1.

FIGURES

Probe BS1T*
Competitor BS1T BS1C GRE Spl OSE
x50 X100 X200 x500 X50 x100 X200 x500 X500 X500  x500
Saos2 NE - + + + + + + + + + + + + +
Probe BS1C*
Competitor BS1C BS1T GRE Spl OSE
x50 x100 X200 X500 x50 x100 X200 X500 X500 X500 X500
Saos2 NE - + + + + + + + + + + + + +

C. Probe

||||u'|ul M

BS1C* BS1T*
Competitor BS1C MUT1C BS1T MUTLT
X50  x100 X500 x50  x100 X500 x50  x100 X500 x50  x100 X500
Saos2 NE - + + + + + + + - + + + + + + +

Figura 2.

L L]

e e

1,2
A_ O IHNC B .
»SA0S2 SAOS2 U20Ss HELA
1,04 ou20s
Q NE: 20ug  30ug 20ug 30pg  20ug 30 ug
I 75 KDa mm
S 08
0>J N
3 50 KDa ™
T 0,6 .
2 Runx2
S oul
< 75 KDa
£
021 50 KDa
0.0 Nucleoporine NP62
RUNX2
il Luciferase | LPC
-3270 bp
il Luciferase | MP
- 1826 bp
- 778 bp BP
pGL3-EV

0 2 4 6 8 10 12

Relative Luciferase Units

RESULTATS

89



90 | RESULTATS

Figura 3.
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Figura 5.
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Figura 7.

mpCMV-EV ||
pCMV-Runx2

Fold induction in Luciferase Activity

LP-C MUT1-C MUT2 MUT3 MUT4 MUTS



RESULTATS | 93

CAPITOL 4: Analysis of three functional polymorphisms in relation to
osteoporosis phenotypes: replication in a Spanish cohort

REFERENCIA:

Lidia Agueda, Roser Urreizti, Mariona Bustamante, Susana Jurado, Natalia Garcia-
Giralt, Adolfo Diez-Pérez, Xavier Nogués, Leonardo Mellibovsky, Daniel Grinberg,
Susana Balcells

Calcified Tissue International, 2010 Apr 14. [Epub ahead of print]

RESUM:

L'Osteoporosi és una malaltia complexa en que participen diversos factors genetics.
Els estudis d’associacié de polimorfismes (SNPs) funcionals constitueixen una eina
molt important per a la seva identificacid. No obstant, aquesta aproximacio sovint
es veu afectada per la manca de poder estadistic, I'estratificacié poblacional i altres
impediments que acaben donant lloc a resultats discordants. La replicacié en
cohorts independents és essencial.

En aquest treball, es va dur a terme una analisi d’associacié de tres polimorfismes
funcionals previament associats amb fenotips ossis: Ala222Val del gen MTHFR,
lle1062Val del gen LRP6 i -13910C>T del gen LCT, en una cohort de 944 dones
espanyoles postmenopausiques, totes elles amb dades de densitat mineral Ossia
(DMO) lumbar, i per la majoria d’elles dades de DMO femoral i fractura. Només es
varen trobar diferéncies significatives entre els genotips del polimorfisme de
MTHFR i el subgrup de factures vertebrals, amb un OR de 2,27 (1,17-4,38) per al
genotip TT contra els genotips CC/CT, p=0,018.

Es presenten dades sobre la frequéncia al-lélica i genotipica del polimorfisme -
13910C>T d’ LCT en una poblacié espanyola, amb una freqliencia de I'al-lel T (que
confereix persisténcia de la lactasa) del 38.6%. Aquestes freqliéncies genotipiques
foren consistents amb la clina observada a Europa i amb la prevalenca de la no-
persisténcia de la lactasa. El polimorfisme LCT -13910C>T es va trobar associat
significativament amb algada i pes, on les portadores de I'al-lel T eren 0,88 cm més
altes (95% CI=0,08-1,59 cm, p=0,032, ajustant per edat) que les dones CC, i les
homozigotes TT pesaven 1.91 Kg més que les dones CC/CT (95% Cl=0,11-3,71 Kg,

p=0,038, ajustant per edat).
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En conclusié, no es varen observar associacions significatives entre els
polimorfismes estudiats i la DMO lumbar i femoral en dones postmenopausiques
espanyoles; només el polimorfisme MTHFR Ala222Val va resultar associat amb les

fractures vertebrals.

INFORMACIO SOBRE LA PUBLICACIO | INDEX D’IMPACTE:

La revista Calcified Tissue International, fundada I'any 1976, publica articles de
recerca originals posant especial emfasi en temes relacionats amb I'estructura i la
funcié de l'os i altres sistemes mineralitzats dels organismes vius. Aquesta revista
serveix com a forum per explorar els aspectes bioquimics biofisics, moleculars i
clinics de [I'estructura, la funcid i el metabolisme ossi i d’altres sistemes
mineralitzats. El seu factor d’'impacte actual és de 2.737 | el seu editor en cap és el

Prof. Stuart Ralston.

APORTACIO PERSONAL A L’ARTICLE:

- Extraccid dels DNAs d’ aproximadament la meitat de les mostres de la cohort
BARCOS. Aquestes mostres han estat usades en d’altres estudis d’associacio
realitzats pel nostre grup de recerca.

- Eleccid d’alguns dels SNPs estudiats

- Genotipat dels polimorfismes per diferents tecniques.

- Control de qualitat, analisi estadistic i interpretacio dels resultats

- Calculs de poder estadistic i d’estratificacié poblacional

- Elaboracio del primer esborrany de I'article i participacié en I'elaboracié del

manuscrit final.

NOTA: les dades de genotipat del polimorfisme lle1062Val del gen LRP6 sén les
mateixes que varen ser emprades en el treball presentat en el capitol 2 de
Resultats. En aquell cas formaren part d’'una meta-analisi multi céntrica (GENOMOS)
i ara s’analitzen només a nivell de la cohort BARCOS individualment.
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