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Wnt Signaling Pathway
in Cardiovascular and

Other Clinical Diseases: Review

AABBSS  TTRRAACCTT  The Wnt sig na ling path way (WntSP) plays im por tant ro les du ring em bri yo nic de ve -
lop ment and in ho me os ta tic mec ha nisms. Ab nor mal Wnt/be ta-ca te nin sig na ling is as so ci a ted with
many di se a ses inc lu ding car di o vas cu lar di se a ses, can cer, obe sity and de ge ne ra ti ve di sor ders. Mu ta -
ti ons in the com po nents and the ac ti va tors or in hi bi tors of WntSP ca u se a wi de spec trum of di se a -
ses. Sin ce each one of them is in vol ved in so me re gu la tory pro ces ses, mu ta ti ons may le ad to aber rant
re gu la ti ons as well as se ve re cli ni cal con se qu en ces. Sin ce ac ti va ti on of WntSP is clo sely as so ci a ted
with the de ve lop ment of many can cer types, se ve ral Wnt path way spe ci fic in hi bi tors are cur rently
un der de ve lop ment. In hi bi ti on of WntSP ga ins im por tan ce for the new the ra pe u tic ap pro ac hes in
can cer tre at ment, du ring which, the aim is to re du ce be ta-ca te nin and thus T-cell fac tor-de pen dent
trans crip ti on. Inac ti va ti on or si len cing of tu mor sup pres sors, which ser ve as Wnt an ta go nists, ca u -
ses va ri o us hu man can cers and tu mor for ma ti on. In this re vi ew ar tic le, WntSP as a the ra pe u tic tar-
get in can cer the rapy, its sig ni fi can ce in obe sity tre at ment, its in vol ve ment in the pat ho ge ne sis of
bo ne-re la ted di se a ses, aor tic val ve cal ci fi ca ti on, de ge ne ra ti ve musc le di se a ses as well as so me ne u -
ro de ge ne ra ti ve di se a ses we re dis cus sed. WntSP along with its com po nents and con tri bu tors ap pe -
ars to be a new path way du e to its clo se as so ci a ti on with di se a ses ga i ning im por tan ce thro ug ho ut
the world in re cent ye ars. In ves ti ga ti ons per for med on each one of the se pa ra me ters and on this
comp li ca ted path way as a who le will be help ful in the pre ven ti on and du ring the tre at ment of the
car di o vas cu lar di se a ses and so me ot her clo sely as so ci a ted di se a ses. 

KKeeyy  WWoorrddss::  Wnt pro te ins; sig nal trans duc ti on; be ta ca te nin; di se a ses; obe sity;
Alz he i mer di se a se 

ÖÖZZEETT  Wnt sin yal yo lu (WntSY) em bri yo nik ge li şim sı ra sın da ve ho me os ta tik me ka niz ma lar da
önem li gö rev ler üst len mek te dir. Anor mal Wnt/be ta-ka te nin sin ya li, kar di yo vas kü ler has ta lık lar,
kan ser, obe zi te ve de je ne ra tif bo zuk luk la rı da içe re cek tarz da bir çok has ta lık ile be ra ber lik gös ter -
mek te dir. WntSY ak ti va tör le ri ve in hi bi tör le ri ile bi le şen le rin de ki mu tas yon lar çok çe şit li has ta lık -
la ra ne den ol mak ta dır. Bun la rın her bi ri nin bir ta kım dü zen le yi ci olay lar da yer al ma la rı ne de niy le,
mu tas yon lar cid di kli nik so nuç la ra ve ku sur lu dü zen le me le re yol aça bil mek te dir. WntSY nun ak -
ti vas yo nu bir çok kan ser ti pi nin ge li şi mi ile ya kın dan iliş ki li ol du ğu için, gü nü müz de Wnt yo lu na
öz gü bir ta kım in hi bi tör ler ile il gi li ça lış ma lar sür dü rül mek te dir. WntSY nun in hi bis yo nu, be ta-ka -
te nin ve ar dı sı ra T hüc re fak tö rü-ba ğım lı trans krip si yo nun azal tıl ma sı nın amaç lan dı ğı kan ser te -
da vi si sü re cin de te da vi ye iliş kin ye ni yak la şım lar açı sın dan önem ka zan mak ta dır. Wnt an ta go-
nist le ri ola rak gö rev ya pan tü mör bas kı la yı cı la rı nın inak ti vas yo nu ya da ses siz leş ti ril me si in san lar -
da ki çe şit li kan ser ve tü mör olu şum la rı na ne den ol mak ta dır. Bu in ce le me ma ka le sin de, kan ser te -
da vi sin de te da vi ye yö ne lik bir he def ola rak WntSY, bu yo lun obe zi te te da vi sin de ki öne mi ile
ke mi ğe iliş kin has ta lık la rın, aort ka pa ğı kal si fi kas yo nu nun, de je ne ra tif kas has ta lık la rı nın ve ba zı
nö ro de je ne ra tif has ta lık la rın pa to ge ne zin de ki ro lü tar tı şıl mış tır. Bi le şen le ri ve kat kı da bu lu nan pa -
ra met re le ri ile bir lik te WntSY, son yıl lar da tüm dün ya da önem ka za nan has ta lık lar ile olan ya kın
be ra ber li ği ne de niy le ye ni bir yol ola rak il gi çek mek te dir. Bir bü tün ola rak bu kar ma şık yol üze ri -
ne ve bu pa ra met re le rin her bi ri üze ri ne ger çek leş ti ri le cek araş tır ma lar, kar di yo vas kü ler ve il gi li
has ta lık la rın te da vi le ri sı ra sın da ve ön len me le ri ko nu la rın da yar dım cı ola cak tır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Wnt pro te in le ri; sin yal ile ti mi; be ta ka te nin; has ta lık la rı; şiş man lık;
Alz he i mer has ta lı ğı  
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he Wnt sig na ling path way (WntSP) plays
im por tant ro les du ring em bri yo nic de ve lop -
ment and in ho me os ta tic mec ha nisms. They

are in vol ved in cell po la rity, dif fe ren ti a ti on, pro li -
fe ra ti on, sur vi val, mo ti lity, ma tu ra ti on, ac ti vity and
func ti on. Wnt li gands can be clas si fi ed in to two
dis tinct gro ups ba sed on the sub cel lu lar sig na ling
ele ments. The first gro up, which inc lu des Wnt1,
Wnt3a, Wnt7a and Wnt 8, uses the “ca no ni ca l”
path way for in tra cel lu lar sig na ling. The se cond
gro up inc lu des Wnt4, Wnt5a, Wnt6 and Wnt 11
and uses a very dif fe rent sub cel lu lar sig na ling net-
work, the “non ca no ni ca l” path way. Of the cur-
rently known path ways of Wnt sig na ling (Fi gu re
1), the best stu di ed is the ca no ni cal Wnt/β-ca te nin
path way. Wnt path way re gu la tes the sta bi lity of β-
ca te nin and the re fo re β-ca te nin de pen dent ge ne
ex pres si on by pre ven ting β-ca te nin phosp hory la ti -
on-de pen dent deg ra da ti on. In the ab sen ce of the
Wnt li gand, the cyto so lic β-ca te nin pro te in le vel is
low be ca u se it un der go es ubi qu i ti na ti on and pro-
te o so mal deg ra da ti on du e to its phosp hory la ti on.
Ab nor mal Wnt/β-ca te nin sig na ling is as so ci a ted
with many di se a ses, inc lu ding di a be tes, hyper li pi -
de mi a, early co ro nary di se a ses, obe sity, can cer, 
os te o po ro sis, lung di se a ses and de ge ne ra ti ve di sor -
ders.1-13

Wnt/β-CA TE NIN SP, β-CA TE NIN 
DEG RA DA TI ON COMP LEX, 
CLI NI CAL CON SE QU EN CES OF 
MU TA TI ONS IN THE COM PO NENTS, 
AC TI VA TORS AND INHI BI TORS OF 
THE Wnt/β-CA TE NIN SP

The Wnt fa mily com pri ses aro und 20 sec re ted gly-
cop ro te ins ex hi bi ting di ver se func ti ons and ex pres-
si on pat terns. They re gu la te the Wnt/β-ca te nin SP.
The Wnt path way be co mes ac ti va ted upon bin ding

of Wnt pro te ins to a re cep tor comp lex con sis ting
of the Frizz led (Frz) re cep tor and low den sity li -
pop ro te in re cep tor-re la ted pro te in 5 or 6 (LRP 5/6).
β-ca te nin is a mul ti func ti o nal pro te in and es sen ti -
al for the cell-cell ad he si on of the nor mal po la ri -
zed epit he li a. It links E-cad he rin to α-ca te nin and
me di a tes anc ho ra ge of this comp lex to ac tin. The
ot her func ti on of β-ca te nin is re la ted to its par ti ci -
pa ti on in to WntSP. β-ca te nin in te racts with the
Wnt li gands di rectly, or it acts thro ugh the spe ci -
fic cell sur fa ce re cep tors func ti o ning as co-re cep -
tors for the Wnt li gands.1-3,14

The in te rac ti on of Wnt pro te ins with the ir re-
cep tors on the cell sur fa ce is the first step in trans-
du cing an ex tra cel lu lar sig nal in to in tra cel lu lar
res pon ses. Ten Frz pro te ins, which are mem bers of
the fa mily of se ven-pass trans mem bra ne re cep tors,
ha ve be en iden ti fi ed as Wnt re cep tors. In ad di ti on
to Frz pro te ins, the Wnt/β-ca te nin SP re qu i res sin-
g le-pass trans mem bra ne pro te ins that be long to a
sub fa mily of LRPs; LRP5 and LRP6.12,15-17

When Wnt binds to Frz-LRP5/6 re cep tor com-
p lex, axin is di rec ted to the plas ma mem bra ne, Dis -
he ve led (Dsh) is ac ti va ted. The se events al to get her
ca u se the in hi bi ti on of β-ca te nin phosp hory la ti on
and pre vent its deg ra da ti on. This ca u ses β-ca te nin
sta bi li za ti on and ac cu mu la ti on in the cytop lasm. β-
ca te nin, then,  en ters the nuc le us, forms trans crip ti -
o nal comp le xes with TCF(T cell fac tor)/LEF
(lympho id en han cer fac tor)-trans crip ti on fac tor fa -
mily nuc le ar pro te ins, acts as a trans crip ti o nal co ac -
ti va tor and en han ces the ex pres si on of tar get ge nes
in this com part ment of the cell (Fi gu re 2).1-3,14

β-ca te nin deg ra da ti on mul tip ro te in comp lex is
com po sed of axis in hi bi tor (axin), β-ca te nin, ade-
no ma to us poly po sis co li ge ne pro duct (APC), ca se -
in ki na se 1 (CK1) and glyco gen syntha se ki na se 3β
(GSK3β). In the ab sen ce of Wnts, β-ca te nin is phos-
p hory la ted. Phosp hory la ti on of β-ca te nin is a key
event, which de ter mi nes the fa te of Wnt/β-ca te -
ninSP. APC ge ne pro duct, CK1 and GSK3β are 
es sen ti al for β-ca te nin phosp hory la ti on. Phosp -
hory la ted β-ca te nin, re cog ni zed by an ubi qu i tin li -
ga se su bu nit; β-Trcp, un der go es ubi qu i ti na ti on and
then, deg ra da ti on in pro te o so mes.1-3,14

FIGURE 1: Wnt Signaling Pathways (PCP; Planar Cell Polarity).



Mu ta ti ons in the com po nents and the ac ti va tors
or in hi bi tors of WntSP ca u se a wi de spec trum of di s-
e a ses. Sin ce each one of them is in vol ved in so me re -
gu la tory pro ces ses and/or is re la ted to the tar get
ge nes of so me cli ni cally im por tant pro te ins, mu ta ti -
ons may le ad to aber rant re gu la ti ons as well as se ve -
re cli ni cal con se qu en ces.2,18-20 So me se lec ted examp les
re la ted to the mu ta ti ons are shown in Fi gu re 3. 

LRPs are a fa mily of cell-sur fa ce re cep tors in-
vol ved in di ver se bi o lo gic pro ces ses, inc lu ding li -
pid me ta bo lism, re ti no id up ta ke and ne u ro nal
mig ra ti on. LRP5 re gu la tes two dif fe rent func ti ons;
bo ne for ma ti on and vi si on.21

Mu ta ti ons in the LRP5 ge ne af fect bo ne mass
in hu mans. The se mu ta ti ons may ca u se high bo ne
mass or os te o po ro sis.22-27

LRP5 is al so im por tant du ring eye de ve lop -
ment. It is es sen ti al for the de ve lop ment of re ti nal
vas cu la tu re. LRP5 mu tant mi ce ha ve be en pro po -
sed as a use ful mo del to exp lo re the cli ni cal ma ni -

fes ta ti ons of fa mi li al exu da ti ve vit re o re ti no pathy
in hu mans.25,28,29

The LRP5 re cep tor and WntSP may al so play
a cri ti cal ro le in the cal ci fi ca ti on of aor tic val ves.
Vas cu lar cal ci fi ca ti on is a pro cess very si mi lar to
bo ne mi ne ra li za ti on and many of the key re gu la -
tors of bo ne for ma ti on and bo ne mass re gu la ti on
are ac ti ve du ring car di o vas cu lar cal ci fi ca ti on. The
mi ne ra li za ti on pro cess in aor tic val ves is a con se -
qu en ce of ab nor mal ac ti va ti on of WntSP.2,25,27,30-33

Iden ti fi ca ti on of a mis sen se mu ta ti on in LRP6
ge ne in a fa mily with au to so mal do mi nant early co -
ro nary ar tery di se a se (CAD) links to a sing le ge ne
de fect in Wnt sig na ling to CAD and mul tip le car-
di o vas cu lar risk fac tors.9

A sig ni fi cant as so ci a ti on bet we en sing le-nuc -
le o ti de poly morp hisms (SNPs) and hap loty pes in
the LRP5 ge ne with obe sity sug gests the im por tan -
ce of LRP5 in the pat ho ge ne sis of hu man obe sity.34

So lub le/sec re ted Frizz led-re la ted pro te ins
(sFRPs) di rectly bind to Wnts and ma ke them un-
a va i lab le for LRP5 ac ti va ti on. The re fo re, mu ta ti -
ons on this and the ot her com po nents of this
path way or al le lic va ri ants may be re la ted to the
pat hoph ysi o logy of se ve ral bo ne di se a ses inc lu ding
os te o po ro sis. The re are so me as so ci a ti ons bet we en
Wnt in hi bi tors and bo ne me tas ta sis. Wnt an ta go -
nists e.g. sFRPs ap pe ar to pro mo te the de ve lop ment
of os te oly tic le si ons and con tri bu te to the for ma ti -
on of os te oly tic di se a se. sFRP1 acts as a ne ga ti ve re -
gu la tor of tra be cu lar bo ne for ma ti on in adult mi ce.
sFRP1 de fi ci ency may ca u se cel lu lar al te ra ti ons. It
may inf lu en ce bo ne re mo de ling thro ugh so me
mec ha nisms, inc lu ding the re gu la ti on of os te oc las -
tic ac ti vity.23,35-37
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FIGURE 3: Mutations in the components of WntSP and the associated dis-
eases.(LRP 5/6; low den sity li pop ro te in re cep tor-re la ted pro te in 5 or 6, sFRP;
so lub le/sec re ted Frizz led re la ted pro te in)

FI GU RE 2: Fa te of Ca no ni cal Wnt/β-ca te nin path way in the pre sen ce and in
the ab sen ce of Wnt sig na ling. (APC; ade no ma to us poly po sis co li ge ne pro -
duct, axin; axis in hi bi tor, CK1; ca se in ki na se 1, GSK3β; glyco gen syntha se
ki na se 3β, LRP 5/6; low den sity li pop ro te in re cep tor-re la ted pro te in 5 or 6,
LEF; lympho id en han cer fac tor, TCF; T cell fac tor.)



Mu ta ti ons in mo du la tors of Wnt sig na ling
such as the SOST ge ne, which pro du ces scle ros tin,
gi ve ri se to the in cre a sed bo ne mass di se a se, scle-
ros te o sis.2

Mu ta ti ons in APC ge ne, CTNNB1 ge ne, β-ca te -
nin and Axin le ad to a num ber of dif fe rent types of
can cer. The ma jo rity of co lo rec tal can cers are ca u sed
by the al te ra ti ons in the mo le cu les, which par ti ci -
pa te in WntSP, par ti cu larly the mu ta ti ons in the
APC ge ne and to a les ser ex tent, in the CTNNB1 ge -
ne. Mu ta ti ons in the APC ge ne re sult in de fec ti ve
APC pro te in, which can not form β-ca te nin deg ra -
da ti on comp lex. Mu ta ti on in the CTNNB1 ge ne is
of ten de tec ted in CK1 and GSK3β phosp hory la ti on
si tes of the comp lex.  Mu ta ti ons in both ge nes le ad
to the ac ti va ti on of WntSP sti mu la ted by the ac cu -
mu la ti on of β-ca te nin. Tran sac ti va ti on of a set of
TCF-4 tar get ge nes by ac cu mu la ted β-ca te nin is cru-
ci al in co lo rec tal can cers.1-3,18-20 Ove rex pres si on of
Wnt-1 or a β-ca te nin mu tant ac ti va tes Wnt/β-ca te -
ninSP, which in hi bits adi po ge ne sis.2,38,39

One pro band with early-on set obe sity was fo -
und to be he te rozy go us for a C256Y mu ta ti on. It
abo lis hed the abi lity of Wnt 10b to ac ti va te WntSP
and block adi po ge ne sis. This mu ta ti on and the ot -
her ra re mis sen se va ri ants rep re sent the first na tu -
rally oc cur ring mis sen se va ri ants of Wnt 10b. All
re la ti ves of the pro band who car ri ed this al le le we -
re eit her over we ight or obe se. The fin ding of a
non-func ti o ning Wnt 10b al le le in a hu man fa mily
af fec ted by obe sity sug gests that Wnt 10b might be
a po ten ti al mo no ge nic/oli go ge nic fac tor in se ve re
fa mi li al obe sity.40

The se are just a few examp les emp ha si zing the
cli ni cal sig ni fi can ce of the mem bers of WntSP and
the re la ted mec ha nisms con fi ned to a va ri ety of di s-
e a ses.

WntSP is con trol led by Wnt li gands, Wnt re-
cep tors and Wnt in hi bi tors. Dick kopf 1 (Dkk1), a
Wnt in hi bi tor, in hi bits Wnt/β-ca te nin sig na ling by
bin ding to and an ta go ni zing LRP5/6. On the ot her
hand, sFRPs block Wnts by pre ven ting the ir bin d-
ing to Frz re cep tors.41-46

Re cently, two com po unds (CGP049090 and
PFK 115-584) ha ve be en iden ti fi ed, which spe ci fi -

cally in hi bit comp lex for ma ti on of β-ca te nin and
LEF1 le a ding to its trans crip ti o nal inac ti va ti on in
co lon car ci no ma cell li nes.47

Con si de ring that the WntSP is in vol ved in va -
ri o us de ve lop men tal sta ges and that mis re gu la ti on
of Wnt sig nals at cell sur fa ce le vels is in vol ved in
many di se a ses, a go od un ders tan ding of Wnts, the -
ir re cep tors, or an ta go nists is highly re qu i red be ca -
u se of the po ten ti al use of them as mo le cu lar tar gets
for the ra pe u tic usa ge.12

SIG NI FI CAN CE OF WNTSP 
IN CLI NI CAL DI SE A SES

In this ar tic le, WntSP in car di o vas cu lar di se a ses
(CVDs) and so me ot her clo sely as so ci a ted di se a ses
will be re vi e wed.

WntSP AND DI SOR DERS OF CAR DI O VAS CU LAR SYSTEM

Wnt pro te ins are imp li ca ted in a wi de va ri ety of
de ve lop men tal and physi o lo gi cal pro ces ses. WntSP
plays an im por tant re gu la tory ro le in the vas cu la -
tu re and is re qu i red for car di ac and vas cu lar de ve -
lop ment, inc lu ding myo car di al spe ci fi ca ti on,
car di ac morp ho ge ne sis and car di ac val ve for ma ti on
as well as en dot he li al and vas cu lar smo oth musc le
cell pro li fe ra ti on. De fec ti ve Wnt sig na ling can re-
sult in dif fe rent car di ac and vas cu lar ab nor ma li ti es.
Wnt sig na ling ac ti vity is qu i te low un der nor mal
cir cums tan ces. Ho we ver, this path way is re ac ti va -
ted du ring the pat ho lo gi cal car di ac re mo de ling in-
du ced by in cre a sed pres su re, in in ju red ar te ri es and
af ter myo car di al in farc ti on.

In hi bi ti on of WntSP re sults in in cre a sed an gi -
o ge ne sis, bet ter in farct he a ling and an at te nu a ted
hyper trop hic res pon se of the he art. The re fo re,
phar ma co lo gi cal in hi bi ti on of WntSP may be sug-
ges ted as a the ra pe u tic stra tegy to pre vent ex ces si -
ve car di ac and vas cu lar re mo de ling.48,49

In spi te of the exis ten ce of strongly emp ha si -
zed re la ti ons bet we en WntSP and so me di se a ses
e.g. can cers, obe sity, the ro le of this path way in
CVDs has not be en cle arly des cri bed yet. Vas cu lar
cal ci fi ca ti on is a ma jor ca u se of CVDs in the di aly -
sis pa ti ents. Pro bab le mec ha nisms, which re ve al
the as so ci a ti on bet we en os te o po ro sis and vas cu lar
cal ci fi ca ti on, are al so sug ges ted.50
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Val vu lar he art di se a se is still an im por tant ca -
u se of car di o vas cu lar mor bi dity and mor ta lity.51

WntSP is al so in vol ved in re gu la ti on of car di ac val -
ve for ma ti on and in the mi ne ra li za ti on pro cess in
aor tic val ves. It is ac ti ve in car di o vas cu lar cal ci fi -
ca ti on.33,52 

Vas cu lar cal ci fi ca ti on is al so qu i te im por tant
from the po int of vi ew of chro nic re nal fa i lu re
(CRF). Vas cu lar cal ci fi ca ti on is as so ci a ted not only
with pas si ve cal ci um phosp ha te de po si ti on, but al -
so with an ac ti ve, cell-me di a ted pro cess.53 Car di o -
vas cu lar events are the le a ding ca u ses of mor ta lity
in CRF. The risk of CVDs in pa ti ents with CRF ap-
pe ars to be much gre a ter than in the ge ne ral po pu -
la ti on. Di aly sis pa ti ents cons ti tu te a high-risk
sub set of pa ti ents for de ve lo ping CVD. Vas cu lar
cal ci fi ca ti ons are very fre qu ent ex tra os se o us cal ci -
fi ca ti ons in pa ti ents with chro nic re nal di se a ses. In
end sta ge re nal di se a se pa ti ents, ex ten si ve vas cu lar
cal ci fi ca ti on in co ro nary ar te ri es can be ob ser ved.
Car di o vas cu lar cal ci fi ca ti on may af fect the ar te ri al
me di a, at he rosc le ro tic pla qu es, myo car di um, and
he art val ves. Me di al cal ci fi ca ti on ca u ses ar te ri al
stiff ness and con se qu ently in cre a sed pul se pres su -
re.  Val vu lar cal ci fi ca ti on mostly af fects the aor tic
but al so af fects the mit ral val ves in di aly sis pa ti ents
and con tri bu tes to prog res si ve ste no sis and as so ci -
a ted mor bi dity.54,55

Dkk1, a ma jor mo du la tor of Wnt sig na ling, is
iden ti fi ed as a no vel me di a tor in pla te let-me di a ted
en dot he li al cell ac ti va ti on. It en han ces inf lam ma -
tory in te rac ti on bet we en the se cells and shows in-
cre a sed ex pres si on in at he rosc le ro sis.56

Fo la te bin ding pro te in one (Folbp1) is re cently
in tro du ced as an im por tant can di da te me di a tor,
which pro mo tes emb ryo nic myo car di al cell pro li -
fe ra ti on, apop to sis and dif fe ren ti a ti on thro ugh the
WntSP.57

Furt her stu di es, which will be per for med in
this fi eld will en ligh ten the se as so ci a ti ons, which
ha ve not be en cle arly de fi ned yet.

WntSP AND CAN CER

The re la ti ons hips bet we en obe sity and CVDs are
fa irly de fi ned. Gro wing evi den ce al so po ints out

the as so ci a ti on of obe sity with ma lig nant di se a ses.
Ex cess body we ight is fo und to be as so ci a ted with
in cre a sed risk of va ri o us can cers.58

Ac ti va ti on of WntSP is clo sely as so ci a ted with
the de ve lop ment of many can cer types e.g. gas tric,
co lo rec tal, pros ta te can cers.59-63 The re fo re, in hi bi -
ti on of WntSP ga ins im por tan ce  for the new the -
ra pe u tic ap pro ac hes in can cer tre at ment, du ring
which, the aim is to re du ce β-ca te nin and thus
TCF-de pen dent trans crip ti on.64-66

Cad he rin-17 (CDH17) ad he si on mo le cu le has
be en shown to be up-re gu la ted in hu man li ver can-
cers and iden ti fi ed as a no vel on co ge ne in he pa to -
cel lu lar car ci no ma. The an ti tu mor mec ha nisms
un derl ying CDH17 in hi bi ti on in vol ve inac ti va ti on
of Wnt sig na ling, be ca u se growth in hi bi ti on and
cell de ath are ac com pa ni ed by re lo ca li za ti on of β-
ca te nin to the cytop lasm. This sug gests that CDH17
is an at trac ti ve the ra pe u tic tar get for this ma lig -
nancy.67

Tu mor sup pres sor mo le cu les e.g. Sox7 pro te in
sup press β-ca te nin me di a ted trans crip ti o nal ac ti -
vity and down-re gu la te Wnt sig na ling.68,69 Inac ti -
va ti on or si len cing of tu mor sup pres sors e.g. the
ade no ma to us poly po sis co li (APC), Sox7, sFRPs,
Wnt in hi bi tory fac tor-1 (WIF-1), which ser ve as
Wnt an ta go nists, ca u se va ri o us hu man can cers and
tu mor for ma ti on.69,70 Pro ges te ron in duc ti on of
Dkk1 re sults in in hi bi ti on of Wnt sig na ling in the
hu man en do met ri um. This Wnt in hi bi tory ef fect
of pro ges te ro ne is li kely to play a ra te-li mi ting ro -
le in the ma in te nan ce of en do met ri al ho me os ta sis
and, on its loss, in tu mor on set and prog res si on to-
ward ma lig nancy.71 WntSP is al so in hi bi ted by the
in hi bi ti on of cyclo oxy ge na se-2, which exerts an
an ti car ci no ge nic po ten ti al.72

Co lo rec tal car ci no ma is one of the ma jor ma-
lig nan ci es worl dwi de. sFRPs play im por tant ro les
in tu mor prog ress thro ugh an ta go ni zing Wnt sig-
na ling. sFRP-1 and sFRP-4 ap pe ar to be can di da te
mar kers for co lo rec tal le si ons.73 Can cer cells stop
gro wing and un der go dif fe ren ti a ti on upon in hi bi -
ti on of WntSP. A nons te ro i dal an ti inf lam ma tory
drug, su lin dac, dec re a ses β-ca te nin le vels and in hi -
bits the growth of tu mors ac ti va ted by β-ca te nin in
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co lo rec tal can cers.8,74,75 Car di o vas cu lar ef fects of an-
ti can cer drugs, car di o vas cu lar ef fects of ra di a ti on
the rapy and di rect ef fects of on co lo gic di se a ses on
car di o vas cu lar system are ma jor prob lems to be
con si de red.76 Con si de ring the as so ci a ti on bet we en
so me can cers and Wnt sig na ling, the be ne fits of
the ra pe u tics tar ge ting this path way are cle ar. The -
re fo re, se ve ral Wnt path way spe ci fic in hi bi tors are
cur rently un der de ve lop ment.

WntSP AND ME TA BO LIC DI SE A SES

From a cli ni cal po int of vi ew, it is well es tab lis hed
that obe sity is as so ci a ted with me ta bo lic co-mor bi -
di ti es such as ar te ri al hyper ten si on and pan cre a tic
β-cell dysfunc ti on.77 Obe sity is an im por tant risk
fac tor for co ro nary he art di se a se, ven tri cu lar dys-
func ti on, con ges ti ve he art fa i lu re, stro ke, and car-
di ac arrhy thmi as.78 Cen tral obe sity is one of the
ma jor car di o vas cu lar risks among Turks, which le -
ads tightly to at he ro ge nic dysli pi de mi a.79

WntSP, an ex tra cel lu lar sig na ling path way, af-
fects adi po ge ne sis.10,80 In hi bi ti on of Wnt-sig na ling is
a pre re qu i si te for the dif fe ren ti a ti on of adi pocy tes.39

Adi pocy tes tar get en doc ri ne cells be ca u se they sec -
re te Wnt sig na ling mo le cu les to re gu la te me ta bo lic
func ti ons.77 WntSP is re gu la ted by so me pro te ins
inc lu ding β-ca te nin. As ac ti va ted β-ca te nin pre vents
adi po ge ne sis it in du ces myo ge ne sis and os te ob last
dif fe ren ti a ti on.38,81 Inf lam ma ti on pro mo tes adi po ge -
ne sis. Low-gra de chro nic inf lam ma ti on as so ci a ted
with ma ter nal obe sity may al ter fe tal ske le tal musc -
le de ve lop ment thro ugh se ve ral mec ha nisms inc lu -
ding down-re gu la ti on of Wnt sig na ling, which
at te nu a tes myo ge ne sis. In sum mary, inf lam ma ti on
down-re gu la tes myo ge ne sis and en han ces adi po ge -
ne sis in fe tal ske le tal musc le.82-84 Com po nents as well
as the in hi bi tors of the path way sho uld be con si de -
red be ca u se of the as so ci a ti on bet we en WntSP an ta -
go nists and many di se a ses inc lu ding obe sity.
Mu ta ti ons in the Wnt-10b ge ne are des cri bed in
obe sity. Poly morp hisms of LRP5 are al so as so ci a ted
with obe sity phe noty pes.9,34,40,85 Ab nor mal rec ru it -
ment of  adi po se pre cur sor cells is in vol ved in hy-
perp la si a of adi po se tis su e in se ve re obe sity.86

The re fo re, phar ma co lo gi cal mo le cu les that con trol
adi po se stem cell po ol ga in im por tan ce. 

Ac ti va ti on of WntSP in hi bits adi po ge ne -
sis.85,87,88 WntSP  mo du la tors may be use ful in tre -
a ting di se a se. Lit hi um (Li) ac ti va tes WntSP by
in hi bi ting GSK3β and thus, in hi bits adi po ge ne -
sis.39,89 Wnt ge nes; Wnt10b and Wnt1, are ca pab le
of in hi bi ting adi po ge ne sis thro ugh ac ti va ti on of the
WntSP.39 Wnt5b pro mo tes adi po ge ne sis by an ta -
go ni zing WntSP. WntSP is the re gu la tor of 
adi pocy te dif fe ren ti a ti on.90 In hi bi ting ne ga ti ve re -
gu la tors of  WntSP, e.g. Cby, Wnt-5b or axin,  pro-
vi des  new the ra pe u tic op ti ons for obe sity and its
as so ci a ted di sor ders.85,90

Dact1, a pre a di pocy te ge ne that dec re a ses du -
ring adi po ge ne sis, re gu la tes adi po ge ne sis thro ugh
co or di na ted ef fects on ge ne ex pres si on that se lec ti -
vely al ter the com po nents of the Wnt/β-ca te nin SP.
A func ti o nal net work for med by Dact1, sFRP, and
Wnt li gands fa ci li ta tes cross talk in adi po se tis su e
bet we en pre a di pocy tes and ma tu re adi pocy tes.
Dysre gu la ti on of this net work may ul ti ma tely le ad
to a spec trum of adi po se tis su e cel lu la rity ran ging
from hypert hrophy to hyperp la si a. Si mi larly, mo -
du la ti on of this net work by tar ge ting Dact1 may be
of the ra pe u tic va lu e to pre vent obe sity-as so ci a ted
me ta bo lic comp li ca ti ons.91

In hi bi tors of WntSP are of gre at con cern be ca -
u se of the ir pos sib le in vol ve ment in the ra pe u tic
pro to cols of many di se a ses. GSK3β in vol ved in dif-
fe ren ti a ti on of pre a di po se cells may be a the ra pe u -
tic tar get. Con si de ring the fact that ab nor mal
WntSP is as so ci a ted with obe sity as well as can cer,
exp lo ra ti on of the furt her de ta ils of WntSP may be
help ful in en ligh te ning the link bet we en can cer
and obe sity from the mo le cu lar po int of vi ew.

WntSP AND NE U RO DE GE NE RA TI VE DI SE A SES

Asi de from the pro ces ses re la ted to car ci no ge ne sis
and obe sity,7,79 WntSP is sug ges ted to play al so in
ne u ro de ge ne ra ti ve di se a ses such as Alz he i mer’s di -
se a se (AD).11,92-95 At he rosc le ro sis is one of the risk
fac tors for AD. In di vi du als with car di o vas cu lar risk
fac tors ha ve an in cre a sed risk of both vas cu lar de-
men ti a and AD.96

The ab nor mal ac cu mu la ti on of amy lo id-be ta
pro te in (Aβ) in the form of amy lo id pla qu es is the
ma jor bi o mar ker of AD. The al ter na ti ve pro ces sing
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of amy lo id -pre cur sor pro te in (APP)  in the bra in of
AD pa ti ents le ads to the pro duc ti on of the in so lub -
le ag gre ga tes of ne u ro to xic Aβ. Aβ fib rils in du ce
ne u ro to xi city ca u sed by ne u ro nal cell de ath. Aβ-
de pen dent ne u ro to xi city le ads to the inac ti va ti on
of WntSP by the ac ti va ti on of β-ca te nin deg ra da ti -
on comp lex. β-ca te nin-me di a ted trans crip ti on
plays an im por tant ro le in ne u ro nal vi a bi lity and
pre vents Aβ-in du ced to xi city.97-102 In te rac ti on bet -
we en ne u rons and Aβ fib rils, and its ef fect on the
pa ra me ters of β-ca te nin deg ra da ti on comp lex as
well as the per for man ce of WntSP are sum ma ri zed
in Fi gu re 4.

Li acts as a ne u rop ro tec ti ve agent aga inst 
Aβ-in du ced to xi city thro ugh WntSP. Li the rapy 
re ver sibly inac ti va tes GSK3β and pre vents Aβ-in -
du ced β-ca te nin des ta bi li za ti on. This ac ti va tes
WntSP.89,95,103,104

Li or ot her com po unds, which are ca pab le of
ac ti va ting WntSP set a sta ge for the new era on the
the ra pe u tic in ter ven ti ons in AD.

In cre a sed evi den ce sug gests a ro le for al te red
Wnt/β-ca te nin sig na ling in the eti o logy of AD, ne -
u ro pat ho lo gi cally cha rac te ri zed by amy lo id pla qu -
es and hyperp hosp hory la ted ta u ac cu mu la ti on.
Ge ne tic va ra ti ons in LRP 6 in AD ha ve be en as so -

ci a ted with re du ced Wnt sig na ling. Ta u phosp -
hory la ti on is me di a ted by GSK3β, a key an ta go nist
of the Wnt path way. Par ti ci pa ti on of this path way
in AD pat ho ge ne sis ma kes the com po nents of
WntSP pos sib le the ra pe u tic tar gets in the fu tu re.105

WntSP AND DI SOR DERS OF BO NE AND MUSC LE

Mu ta ti ons in ge nes en co ding the com po nents of
WntSP ca u se aber rant re gu la ti on of the path way
and con tri bu te al so to the pat hoph ysi o logy of a 
wi de spec trum of di se a ses ot her than di sor ders of
car di o vas cu lar system, va ri o us types of can cer (he-
pa to cel lu lar car ci no ma, pan cre a tic can cer, ova ri an
can cer, pros ta te can cer, bre ast can cer), obe sity and
ne u ro de ge ne ra ti ve di se a ses.2,7,10,11,61,106,107 The most
stri king examp les in this gro up are bo ne-re la ted di -
se a ses and so me musc le di se a ses.38,108-110

Re cent re ports sug gest the ro le of WntSP in
the re gu la ti on of os te ob las to ge ne sis. Ca no ni cal
Wnt sig na ling en co u ra ges me sench ymal pro ge ni -
tor cells to dif fe ren ti a te in to os te ob lasts. In os te ob -
lasts, Wnt SP al so pro mo tes pro li fe ra ti on and
mi ne ra li za ti on, whi le blocks apop to sis and os te oc -
las to ge ne sis by in cre a sing the os te op ro te ge rin
(OPG)/ re cep tor ac ti va tor of NF-kap pa β li gand
(RANKL) ra ti o.22 BMP-2 may re gu la te os te ob last
func ti on, dif fe ren ti a ti on and bo ne for ma ti on in
part thro ugh mo du la ti on of the Wnt/β-ca te nin sig-
na ling.111 Scle ros tin, a SOST ge ne pro duct, in hi bits
BMP-sti mu la ted bo ne for ma ti on. It an ta go ni zes
Wnt sig nal ling in os te ob las tic cells. In cre a sed
WntSP may ca u se high bo ne mass in scle ros te o sis
and van Buc hem di se a se.109,110,112-117 

Wnt/β-ca te nin sig na ling is an im por tant path-
way for bo ne de ve lop ment and ho me os ta sis. Wnt
mo du la tors such as sFRPs; sFRP-1 and sFRP-2, are
ex pres sed in os te ob lasts and dif fe ren ti ally re gu la te
he ma to po i e tic stem cells.118 Ove rex pres si on of
sFRP-1, an an ta go nist of Wnt sig na ling, in hi bits
bo ne for ma ti on and at te nu a tes the ana bo lic ac ti on
of pa rath yro id hor mo nes on bo ne.119

Dkk1 has a di rect in hi bi tory ef fect on os te ob -
lasts, dis rupts the Wnt 3a-re gu la ted OPG and
RANKL ex pres si on in os te ob lasts. Sin ce it in di -
rectly en han ces os te oc last func ti on in mul tip le

FI GU RE 4: Par ti ci pa ti on of WntSP in the de ve lop ment of AD. (Aβ; amy lo id-
be ta pro te in, AD; Alz he i mer’s di se a se, GSK3β;  glyco gen syntha se ki na se
3β).
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mye lo ma, Dkk1 with its pi vo tal ro le in bo ne he alth
and di se a se, may be sug ges ted as a pro mi sing tar-
get for the ma na ge ment of mye lo ma pa ti ents with
lytic bo ne di se a se.120

Cur rently, the re are no ef fi ci ent tre at ments for
de ge ne ra ti ve musc le di se a ses e.g. Duc hen ne mus-
cu lar dystrophy, the most com mon and let hal ge-
ne tic musc le di sor der in chil dren. Stem cell the rapy
may be a pro mi sing stra tegy for the tre at ment of
this di se a se; ho we ver, so me et hi cal and im mu no -
lo gi cal prob lems ha ve not be en over co me yet. On
the ot her hand, me sench ymal stro mal cells (MSC)
are ca pab le of dif fe ren ti a ting in to ske le tal musc le
cells, os te ob lasts, chon drocy tes and adi pocy tes.
WntSP plays a po ten ti ally im por tant ro le in the
con trol of the stem cell pro per ti es of MSC. The re -
fo re, WntSP is as so ci a ted with myo ge ne sis in em-
b ryo ge ne sis and post na tal musc le re ge ne ra ti on.
Ac ti va ti on of the path way by ove rex pres si on of a

sta bi li zed β-ca te nin pro mo tes myo ge ne sis and in-
du ces myo ge nic dif fe ren ti a ti on in MSC. This may
al low for its the ra pe u tic app li ca ti on in de ge ne ra ti -
ve musc le di se a ses.38,108

CONC LU SI ON
Car di o vas cu lar di se a ses asi de from can cers, obe sity,
ne u ro de ge ne ra ti ve di se a ses are se ve re cli ni cal
prob lems awa i ting for the the ra pe u tic so lu ti ons.
The re are many at tempts to de tect so me tar gets and
the phar ma co lo gi cal aids to af fect them as the po-
ten ti al tre at ment op ti ons. WntSP along with its
com po nents and con tri bu tors ap pe ars to be a new
path way du e to its clo se as so ci a ti on with the di se -
a ses ga i ning im por tan ce thro ug ho ut the world in
re cent ye ars. In ves ti ga ti ons per for med on each one
of the se pa ra me ters and on this comp li ca ted path-
way as a who le will be help ful in the pre ven ti on
and du ring the tre at ment of the re la ted di se a ses.
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