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EuqaristÐec

Ja  jela na euqarist sw ton Kajhght  KwnstantÐno QaritÐdh gia thn
eukairÐa kai empistosÔnh mou èdeixe anajètwnt�c mou thn enasqìlhsh me èna
prwtìtupo jèma, ìpwc eÐnai h lemfaggeiogènesh. EpÐshc, ton euqarist¸ p�ra
polÔ gia to polÔ kalì klÐma pou mou prìsfere, ¸ste na katafèrw na olo-
klhr¸sw thn ergasÐa mou.

IdiaÐterec euqaristÐec ja  jela na apeujÔnw ston Dra Ge¸rgio L¸la gia
thn bo jeia kai thn st rixh, pou mou prìsfere kat� th di�rkeia thc ekpìnhshc
thc ergasÐac mou kai se episthmonikì kai se proswpikì epÐpedo. H sumbol 
tou sthn olokl rwsh thc paroÔsac diplwmatik c ergasÐac  tan katalutik .

Epipleìn, ja  jela na euqarist sw ton Kajhght  Mark Chaplain kai ton
Dra Gibin Powathil gia thn bo jeia pou mou prìsferan, kurÐwc ston upolo-
gistikì tìmea thc ergasÐac.

Euqarist¸ touc Pètro Basil�ko kai Dmitry Pozharskiy gia th bo jeia
kai sumpar�stash pou mou prìsferan ìqi mìno gia thn proptuqÐakh all� kai
gia th metaptuqiak  mou poreÐa.

Tèloc, ja  jela na ekfr�sw tic ek bajèwn euqaristÐec mou sth oikogèneia
mou, kai idiaÐtera ston patèra mou BlusÐdh Ant¸nh, th mhtèra mou Misèrou
StauroÔla kai sth jeÐa mou BlusÐdou EutuqÐa, gia ìlh th st rixh, sumpa-
r�stash kai thn upost rixh pou mou prosfèroun ìla aut� ta qrìnia.

Thn paroÔsa diplwmatik  ergasÐa ja  jela na thn afier¸sw ston pappoÔ
mou, BlusÐdh Miq�lh-Zann , pou plèon de brÐsketai mazÐ mac, gia ìlec tic
axÐec kai thn ag�ph pou mou prìsfere ìso zoÔse.
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PerÐlhyh

O karkÐnoc apoteleÐ th deÔterh se suqnìthta aitÐa jan�tou stic H.P.A.
kai sthn Eur¸ph. Par'ìti ekatommÔria anjr¸pwn prosb�llontai pagkosmÐwc
apì thn asjèneia aut , arketoÐ apì touc mhqanismoÔc oi opoÐoi sunteloÔn sthn
an�ptuxh thc asjèneiac den èqoun gÐnei akìma gnwstoÐ. Mia polÔ shmantik 
par�metroc, pou duskoleÔei thn antimet¸pish tou karkÐnou eÐnai h ikanìtht�
tou na dhmiourgeÐ metast�seic. Gia na pragmatopoihjeÐ h met�stash ja prèpei
na energopoihjoÔn oi mhqanismoÐ thc aggeiogèneshc   thc lemfaggeiogèneshc.

Sthn paroÔsa diplwmatik  ergasÐa melet¸ntai sugkekrimènoi mhqanismoÐ
pou sunteloÔn sth dhmiourgÐa thc lemfaggeiogèneshc. Eidikìtera, meletoÔ-
ntai dÔo eÐdh prwteðn¸n, oi qhmeiokÐnec (Chemokines) kai oi aggeiopoihtÐnec
(Angiopoietins). Apì thn oikogèneia twn qhmeiokin¸n melet�tai h CCL21
kai apì thn oikogèneia twn aggeiopoihtÐnwn meletoÔntai h aggeiopoihtÐnh-1
(Angiopoietin-1 (Ang-1)) kai h aggeiopoihtÐnh-2 (Angiopoietin-2 (Ang-2)).

Arqik� parousi�zetai h qhmik  kinhtik  twn proanaferjèntwn qhmeioki-
n¸n kai aggeiopoihtÐnwn. Par�llhla, anaptÔqjhkan prwtìtupa stoqastik�
qwroqronik� montèla me th mèjodo Cellular Potts Model (CPM) me th qr sh
tou progr�mmatoc CompuCell 3D. Wc apotèlesma twn anwtèrw montèlwn eÐnai
h qr sh touc gia thn an�ptuxh farm�kwn pou anastèloun tic sugkekrimènec
qhmeiokÐnec kai aggeiopoihtÐnec sthn lemfaggeiogènesh.
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Abstract

Cancer is the second most deadly illness all around the world. We use
word ”cancer” to describe the wrong growth of the cells. Although, millions
of people are sickening because of cancer, there are many cancer’s mechani-
sms, which is unknown by the scientific community. One critical property of
cancer is the tumor metastasis, which makes more difficult the creation of a
cure for cancer. Angiogenesis and lymphangiogenesis are the only ways for
cancer to create its metastasis.

This work focuses on the mechanisms which lead to the lymphangiogne-
sis. The first one is related with chemokines and especially the CCL21 (a
chemokine of C-C family of chemokines). The other mechanism is based on
angiopoietins, and the role of the first (Angiopoietin-1, Ang-1) and the se-
cond (Angiopoietin-2, Ang-2) angiopoietin.

Firstly, in this work we search the stability of these proteins using ordi-
nary differential equations. Also, we develop novel stochastic mondels th-
rough the Cellular Potts Model (CPM) on the CompuCell 3D program. The
results are going to be used for the development of drugs, which can block
those chemokines and angiopoietins.
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Kef�laio 1

Biologikì upìbajro

H basik  idèa gia th pragmatopoÐhsh thc melèthc entopÐsjhke sth dh-
mosÐeush twn T. Tammela kai K. Alitalo: ”Lymphangiogenesis: Molecular
Mechanisms and Future Promise” [1]. H sugkekrimènh dhmosièush anafère-
tai sthn lemfaggeiogènesh ìpou katagr�fontai el�qista pr�gmata gia tic
aggeiopoihtÐnec kai tic qhmeiokÐnec. Asfal¸c den up�rqei h prìjesh apì touc
suggrafeÐc gia th dhmiourgÐa montèlou sto sugkekrimèno antikeÐmeno. Par'
ìla aut�, emperièqontai arketoÐ apì touc mhqanismoÔc thc lemfaggeiogèneshc
kai thc aggeiogèneshc sto parak�tw sq ma (sq ma 1.1). To sq ma autì mac
enèpneuse na asqolhjoÔme me th lemfaggeiogènesh, kaj¸c kai me tic qhmeio-
kÐnec kai tic aggeiopoihtÐnec.

1.1 KarkÐnoc

O karkÐnoc ofeÐletai se kÔttara ta opoÐa diairoÔntai suneq¸c kai metana-
steÔoun se �llouc ugieÐc istoÔc, èqontac arqik� xefÔgei apì touc fusiologi-
koÔc mhqanismoÔc elègqou thc kuttarik c diaÐreshc.

To anjr¸pino s¸ma diajètei thn ekplhktik  ikanìthta na anane¸netai kai
na epoul¸netai. 'Omwc, eÐnai pijanìn na aporrujmistoÔn oi mhqanismoÐ pou
odhgoÔn se autèc tic diadikasÐec. O karkÐnoc apoteleÐ th shmantikìterh a-
nwmalÐa aut¸n twn mhqanism¸n. To kÔttaro prèpei na diaireÐtai, ìtan eÐnai
aparaÐthto, kai na stamat�ei h diaÐres  tou, ìtan h diadikasÐa aut  den eÐnai
plèon aparaÐthth. EpÐshc, eÐnai anagkaÐo na janat¸netai, ìtan autì èqei dia-
telèsei thn ergasÐa tou. Gia na mh sumbeÐ autì, ja prèpei to kÔttaro na èqei
uposteÐ mia genetik  tropopoÐhsh pou na tou dÐnei th dunatìthta na epibi¸nei
par' ìti de ja èprepe. Autì mporeÐ na odhg sei sthn apodiorg�nwsh tou istoÔ
me shmantikèc peraitèrw epipt¸seic kai gia ton istì, all� kai gia to upìloipo
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Sq ma 1.1: Dr�shc ousi¸n se lumfatikì kÔttaro [1].

s¸ma. Aut  h exèlixh parathreÐtai ston karkÐno.
Ta karkinik� kÔttara èqoun dÔo shmantikèc idiìthtec: a) anapar�gontai

qwrÐc periorismoÔc (sugkritik� me ta ugei  kÔttara) kai b) mporoÔn na meta-
kinoÔntai kai na epibi¸noun se �llouc istoÔc. Up�rqoun kÔttara pou èqoun
mìno th pr¸th idiìthta kai den èqoun th deÔterh. Ta kÔttara aut�, kaj¸c au-
x�nontai, sqhmatÐzoun mia eniaÐa m�za h opoÐa èqei thn ikanìthta na aux�netai,
all� de mporeÐ na metanasteÔei se �llouc istoÔc. H m�za pou sqhmatÐzetai a-
pì ta kÔttara aut� dhmiourgeÐ ènan ìgko (tumor). E�n ènac ìgkoc èqei kai th
deÔterh ikanìthta, dhlad  na mporeÐ na metanasteÔei se �llouc istoÔc, tìte
onom�zetai karkinikìc. Ta kÔttara enìc karkinikoÔ ìgkou èqoun thn ikanìth-
ta na apokoll¸ntai apì ton ìgko kai na metanasteÔoun se �llo shmeÐo tou
s¸matoc. Gia na pragmatopoihjeÐ aut  h metakÐnhsh, ja prèpei ta karkinik�
kÔttara na eisèljoun sthn kukloforÐa tou aÐmatoc   thc lèmfou. 'Otan ta
karkinik� kÔttara metaferjoÔn se �llouc istoÔc, sqhmatÐzoun nèouc ìgkouc
pou onom�zontai metast�seic.

'Opwc èqei proanaferjeÐ o karkÐnoc eÐnai nìshma tou organismoÔ. 'Omwc,
o karkÐnoc den eÐnai loim¸dec nìshma, eÐnai genetikì nìshma. O karkÐnoc pro-
kÔptei apì metabolèc sthn allhlouqÐa tou DNA twn kutt�rwn. Up�rqoun
pollèc asjèneiec pou ofeÐlontai se genetikèc metall�xeic tou DNA. H meg�lh
diafor� tou karkÐnou eÐnai ìti autìc ofeÐletai se swmatikèc metall�xeic, dh-
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lad  metall�xeic pou pragmatopoioÔntai tuqaÐa se di�fora kÔttara kai den
metabib�zontai stouc apogìnouc tou atìmou. S' èna fusiologikì kÔttaro,
kat� thn anaparagwg  tou, up�rqoun 10−7 me 10−6 pijanìthtec na sumbeÐ mia
met�llaxh se k�je gonÐdiì tou. Autèc oi pijanìthtec ofeÐlontai stouc perio-
rismoÔc thc antigraf c tou DNA. E�n, analogistoÔme ìti kat� th di�rkeia
zw c ènoc mèsou anjr¸pou pragmatopoioÔntai 1016 kuttarikèc diairèseic, tìte
sumperaÐnoume ìti se k�je gonÐdio tou organismoÔ sumbaÐnoun 109 metall�xeic
kat� th di�rkeia thc zw c tou organismoÔ. Apì thn �poyh aut , up�rqoun pi-
janìthtec ènac organismìc na anaptÔxei karkÐno, qwrÐc kamÐa epirro  apì
to exwterikì perib�llon. Bèbaia, gia na dhmiourghjeÐ o karkÐnoc, prèpei na
pragmatopoihjoÔn pollèc diadoqikèc metall�xeic. Se autì shmantikì rìlo
diadramatÐzoun oi epirroèc apì to exwterikì perib�llon. Den eÐnai gnwstìc
o arijmìc twn metall�xewn pou apaitoÔntai gia th dhmiourgÐa tou karkÐnou.
Oi metall�xeic autèc sun jwc ephre�zoun thn antigraf  tou DNA   touc
mhqanismoÔc epidiìrjws c thc.

Pèra apì tic basikèc idiìthtec twn karkinik¸n kutt�rwn pou proanafèr-
jhkan up�rqoun kai k�poia �lla qarakthristik� touc ta opoÐa touc pros-
dÐdoun axioshmeÐwth idiaiterìthta. Gia thn epibÐwsh kai thn anaparagwg 
touc, ta karkinik� kÔttara exart¸ntai el�qista apì ta geitonik� kÔttara kai
leitourgoÔn autìnoma. Autì brÐsketai se pl rh antÐjesh me th leitourgÐa
twn fusiologik¸n kutt�rwn. Epiprìsjeta, ta karkinik� kÔttara èqoun thn
ikanìthta na anapar�gontai ìsec forèc jèloun. AntÐjeta, ta fusiologik�
kÔttara mporoÔn na diairoÔntai mèqri ènan sugkekrimèno arijmì diairèsewn.
Mia �llh idiìthta twn karkinik¸n kutt�rwn eÐnai ìti eÐnai anjektik� se j�na-
to me apìptwsh, dhlad  sth diadikasÐa katastrof c tou kutt�rou apì dikoÔc
tou mhqanismoÔc, ìtan plèon autì den eÐnai qr simo ston organismì. Ta kar-
kinik� kÔttara eÐnai genetik� astaj  kai, gia autì to lìgo, ufÐstantai pollèc
metall�xeic kat� th di�rkeia thc zw c touc. Mia polÔ shmantik  ikanìthta
twn karkinik¸n kutt�rwn eÐnai ìti mporoÔn na epibi¸noun kai na anaptÔsso-
ntai se xènouc istoÔc, en antijèsei me ta fusiologik� kÔttara pou mporoÔn
na zoun mìno sto dikì touc istì.

Gia na katapolem soume to karkÐno kai tic metast�seic touc, eÐnai aparaÐ-
thto na katanohjoÔn pl rwc oi mhqanismoÐ pou qrhsimopoioÔn ta karkinik�
kÔttara gia na epibi¸soun, na pollaplasiastoÔn kai na metastajoÔn. Dustu-
q¸c ìmwc, k�ti tètoio den eÐnai eÔkolo giatÐ to k�je eÐdoc karkÐnou ofeÐletai
se diaforetikèc metall�xeic kai se diaforetikì sunduasmì twn metall�xewn
aut¸n [2].
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1.2 Lemfaggeiogènesh

Mia apì tic pio epikÐndunec idiìthtec tou karkÐnou eÐnai h ikanìtht� tou na
dhmiourgeÐ metast�seic. Gia na dhmiourg soun ta karkinik� kÔttara mia me-
t�stash, ja prèpei na diasqÐsoun ton basikì umèna, na metaferjoÔn sto sun-
detikì istì kai na eisèljoun sthn kukloforÐa tou aÐmatoc   thc lèmfou. Gia
na sqhmatÐsoun, ìmwc, ta karkinik� kÔttara mia apoikÐa, ja prèpei na èqoun
thn ikanìthta na mporoÔn na eisèrqontai kai na exèrqontai apì th lèmfo kai
apì thn kukloforÐa tou aÐmatoc, kaj¸c kai na mporoÔn na egkajÐstantai kai
na epibi¸noun se diaforetikoÔc istoÔc[2].

Ta karkinik� kÔttara ekmetalleÔontai touc mhqanismoÔc thc aggeiogène-
shc kai thc lemfaggeiogèneshc, gia na dhmiourgoÔn tic metast�seic touc. Ag-
geiogènesh onom�zetai h an�ptuxh twn aimofìrwn aggeÐwn apì  dh up�rqonta
kÔttara, kai eÐnai mia apolÔtwc fusiologik  diadik�sia tou organismoÔ [3],
[4]. Se èna fusiologikì organismì, h aggeiogènesh pragmatopoieÐtai mìno se
en likouc, kat� thn epoÔlwsh traum�twn, kat� thn èmmhno rÔsh   kat� thn
kÔhsh. Se opoiad pote �llh leitourgÐa tou organismoÔ up�rqoun par�gontec
tou organismoÔ (anti-aggeiogenetikoÐ par�gontec) pou krat�ne se kat�sta-
sh hremÐac ta endojhlik� kÔttara pou sunteloÔn sthn aggeiogènesh [3]. Ta
karkinik� kÔttara èqoun th dunatìthta na proselkÔoun ta aimofìra aggeÐa,
¸ste aut� na sqhmat soun nèa aimofìra aggeÐa gÔrw apì ton ìgko. 'Etsi,
energopoieÐtai o mhqanismìc thc aggeiogèneshc gia logariasmì tou karkinikoÔ
ìgkou. Ta aimofìra aggeÐa sqhmatÐzoun èna plègma gÔrw apì ton ìgko kai
ètsi, o karkinikìc ìgkoc qrhsimopoi¸ntac ta jreptik� sustatik� tou aÐmatoc,
èqei thn dunatìthta na anaptuqjeÐ kai mèsw twn od¸n tou aÐmatoc na metana-
steÔsei se �lla ìrgana tou s¸matoc.

An kai h metan�steush twn karkinik¸n kutt�rwn mèsw tou aÐmatoc eÐnai
mia shmantik  dÐodoc gia th dhmiourgÐa metast�sewn, oi perissìteroi tÔpoi
karkÐnou qrhsimopoioÔn to lemfikì sÔsthma kai thn an�ptuxh twn lemfag-
geÐwn gia na dhmiourg soun metast�seic. Bèbaia, par� to gegonìc ìti to
lemfikì kai to aggeiakì sÔsthma eÐnai dÔo teleÐwc diaforetik� sust mata,
allhlosundèontai kai allhlepidroÔn, ¸ste na diaful�ssetai h swst  kai o-
mal  leitourgÐa twn ist¸n kai tou organismoÔ. Oi shmantikìterec leitourgÐec
tou lemfikoÔ sust matoc eÐnai h summetoq  tou stouc anosopoihtikoÔc mhqa-
nismoÔc tou organismoÔ kai h metafor� prwteðn¸n apì to di�meso q¸ro. H
dusleitourgÐa tou lemfikoÔ sust matoc mporeÐ na odhg sei se poll¸n eid¸n
asjèneiec, apì èna aplì oÐdhma mèqri kai dusleitourgÐa tou anosopoihtikoÔ
sust matoc.

Dustuq¸c, par' ìti to lemfikì sÔsthma eÐnai exÐsou shmantikì me to ag-
geiakì, èqei melethjeÐ polÔ ligìtero apì to autì. To lemfikì sÔsthma a-
poteleÐtai apì pènte (5) tm mata: a) ta lemfik� triqoeid , b) ta ajroistik�

BlusÐdhc Miqa l 10



aggeÐa, g) touc pìrouc, d) ta lemfik� stelèqh kai e) touc lemfadènec. Gia na
dhmiourghjeÐ h lèmfoc ja prèpei na metakinhjeÐ di�meso ugrì mèsa se lemfik�
triqoeid . Sth sunèqeia, h lèmfoc odhgeÐtai mèsw twn ajroistik¸n aggeÐwn
stouc lemfikoÔc pìrouc. Telik�, h lèmfoc katal gei sthn kukloforÐa tou aÐ-
matoc mèsw tou lemfikoÔ sust matoc. MetaxÔ, twn ajroistik¸n aggeÐwn kai
twn lemfik¸n pìrwn paremb�lontai arketoÐ lemfadènec, touc opoÐouc prèpei
na diaper�sei h lèmfoc, gia na katal xei sthn kukloforÐa tou aÐmatoc. H
lemfaggeiogènesh sunÐstatai sto sqhmatismì nèwn lemfik¸n aggei¸n (lem-
faggeÐwn), ta opoÐa sundèontai me to kÔrio mèroc tou lemfikoÔ sust matoc.
'Ena shmantikì qarakthristikì twn lemfaggeÐwn, sugkritik� me to aggeiakì
sÔsthma, eÐnai ìti ta kÔttar� touc den èqoun isqurèc sundèseic metaxÔ touc.
Epiprìsjeta, h sÔnjesh twn lemfaggeÐwn me touc geitonikoÔc istoÔc gÐnetai
mèsw lept¸n in¸n. Ta kuriìtera ìrgana tou s¸matoc sta opoÐa up�rqoun
lemfaggeÐa eÐnai oi pneÔmonec kai o gastrikìc swl nac. EpÐshc, up�rqoun
poll� lemfaggeÐa sto anjr¸pino dèrma. 'Enac tomèac ìpou oi epist monec
diafwnoÔn eÐnai gia to an sqhmatÐzontai lemfaggeÐa mèsa stouc karkinoÔc ì-
gkouc   ìqi. Up�rqoun episthmonik� �rjra pou uposthrÐzoun thn mÐa �poyh
kai up�rqoun kai episthmonik� �rjra pou uposthrÐzoun thn �llh [5].

Ta karkinik� kÔttara qrhsimopoioÔn th lemfaggeiogènesh gia na dhmiour-
g soun metast�seic. Mèsw thc lemfaggeiogèneshc, dhmiourgoÔntai nèa lem-
faggeÐa, ta opoÐa (mèsw mhqanism¸n pou ja analujoÔn ekten¸c sth sunèqeia)
proselkÔoun ta karkinik� kÔttara. Ta karkinik� kÔttara eisèrqontai sth
lèmfo kai, ètsi, mporoÔn na dhmiourg soun metast�seic se di�forouc istoÔc
tou organismoÔ, eÐte mèsw tou lemfikoÔ sust matoc stouc istoÔc autoÔc, eÐ-
te mèsw tou aggeiakoÔ sust matoc (afoÔ h lèmfoc katal gei sto aggeiakì
sÔsthma). O rìloc thc aggeiogèneshc kai, kurÐwc, thc lemfaggeiogèneshc
eÐnai tìso shmantikìc pou arketèc melètec gia thn katapolèmhsh twn meta-
st�sewn tou karkÐnou (�ra kai tou Ðdiou tou karkÐnou) basÐzontai se dierga-
sÐec pou empodÐzoun th lemfaggeiogènesh (k�jwc kai thn aggeiogènesh) [2].
Bèbaia, akìma h episthmonik  koinìthta den èqei katal xei se adi�seista dedo-
mèna, ìti h parempìdish thc lemfaggeiogèneshc kai thc aggeiogèneshc mporeÐ
na exafanÐsei tic metall�xeic [5]. Autì sumbaÐnei, giatÐ den eÐnai gnwstoÐ ìloi
oi mhqanismoÐ pou odhgoÔn se metast�seic. Prèpei na tonisteÐ ìti h met�stash
stouc lemfadènec eÐnai to pr¸to b ma gia th di�dosh poll¸n eid¸n karkÐnou,
ìpwc ekeÐnoc tou mastoÔ, tou paqèoc entèrou, tou prost�th k.a., kaj¸c kai
ènac shmantikìc par�gontac gia thn prìgnwsh di�doshc tou [6].

Sth paroÔsa diplwmatik  ergasÐa melet�tai h lemfaggeiogènesh, oi mh-
qanismoÐ pou thn dhmiourgoÔn, kaj¸c kai oi mhqanismoÐ pou odhgoÔn apo th
lemfaggeiogènesh sthn karkinik  met�stash.
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1.3 QhmeiokÐnec (Chemokines)

Oi qhmeiokÐnec (chemokines) eÐnai mikrèc prwteònec pou elègqoun thn kut-
tarik  metan�steush kai sunistoÔn mia upokathgorÐa twn kuttarokin¸n. Sta
jhlastik� up�rqei mia ektetamènh oikogèneia qhmeiokin¸n, h opoÐa aparijmeÐ
perÐpou 50 mèlh. Thn oikogèneia aut  mporoÔme na th qwrÐsoume se tèsseric
(4) meg�lec kathgorÐec, an�loga me th dom  twn morÐwn touc kai, sugke-
krimèna, apì touc desmoÔc pou perilamb�nontai metaxÔ twn kusteðn¸n touc
(N-Terminalcysteines). Oi kathgorÐec autèc eÐnai oi C qhmeiokÐnec, oi CC qh-
meiokÐnec, oi CXC qhmeiokÐnec kai oi CX3C qhmeiokÐnec [7]. Oi C qhmeiokÐnec
èqoun ènan disoulfidikì desmì metaxÔ twn kusteðn¸n touc, oi CC qhmeiokÐnec
èqoun dÔo disoulfidikoÔc desmoÔc metaxÔ twn kusteðn¸n touc, oi CXC qh-
meiokÐnec èqoun dÔo disoulfidikoÔc dèsmouc metaxÔ twn kusteðn¸n touc kai
metaxÔ twn geitonik¸n kataloÐpwn paremb�lletai kat�loipo diaforetikoÔ ami-
noxèoc, en¸ stic CX3C qhmeiokÐnec paremb�llontai 3 kat�loipa diaforetikoÔ
aminoxèoc [8]. Sto parak�tw sq ma (Sq ma 1.2) faÐnontai kai oi tèsseric
kathgorÐec.

Sq ma 1.2: Ta tèssera eÐdh qhmeiokin¸n.

Sth paroÔsa ergasÐa ja asqolhjoÔme me mia qhmeiokÐnh apì thn oiko-
gèneia twn CC qhmeiokin¸n, kai sugkekrimèna me thn CCL21 (CC chemokine
ligand 21). Mia �llh eurèwc diadedomènh onomasÐa gia th CCL21 eÐnai SLC.
'Eqei anakalufjeÐ ìti h CCL21 ektìc apì ton anjr¸pino organismì up�r-
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qei kai se pontÐkia kai se maðmoÔdec. Sun jwc, oi CC qhmeiokÐnec perièqoun
tèsseric kusteònec, ìmwc h CCL21 perÐeqei 6 kusteònec sto mìrio thc. To
idiaÐtero stoiqeÐo gia to mìrio thc eÐnai ìti oi dÔo epiplèon kusteònec thc
brÐskontai sto G-termatikoÔ èlika (C-terminal helix) [7].

H CCL21 an kei stic omoistatikèc CCL qhmeiokÐnec, par�getai apì ta kÔt-
tara tou lemfikoÔ istoÔ kai èqei katalutikì rìlo sth dhmiourgÐa metast�sewn
mèsw tou lemfikoÔ sust matoc. Sta ugi  kÔttara, h kÔria leitourgÐac thc
eÐnai na kajodhgeÐ ta T-kÔttara (T-cells) kai ta dendritik� kÔttara (dendritic
cells) mèsa sto lemfikì istì [7].

'Eqei diapistwjeÐ ìti h èkkrish thc CCL21 sta lemfik� endojhliak� kÔt-
tara (LEK) rujmÐzetai apì to VEGF-C [9], [10]. O aggeiakìc endojhliakìc
auxhtikìc par�gontac C (Vascular Endothelial Growth Factor C, VEGF-C)
eÐnai mia prwteònh thc oikogèneiac twn aggeiak¸n endojhliak¸n auxhtik¸n pa-
ragìntwn (Vascular Endothelial Growth Factor, VEGF) [11], [12]. Oi VEGF
eÐnai prwteònec pou aux�noun thn aggeiak  diaperatìthta [12].

H akrib c sumbol  thc CCL21 sth lemfaggeiogènesh den èqei pl rwc
dieukrinisteÐ, all� up�rqei mia eurèwc diadedomènh �poyh sthn episthmonik 
koinìthta gia th leitourgÐa thc. SÔmfwna me aut , h CCL21 par�getai apì
ta LEK kai ekkrÐnetai ston exwkutt�rio q¸ro. H CCL21 sundèetai me ton
upodoqèa 7 twn CC qhmeiokin¸n (CC receptor 7, CCR7) kai èqei thn ika-
nìthta na ton elkÔei proc to mèroc thc. O upodoqèac autìc brÐsketai sthn
epif�neia orismènwn karkinik¸n kutt�rwn. 'Etsi, ìtan ta LEK par�goun thn
CCL21, aut  proselkÔei ton CCR7 pou brÐsketai sthn epif�neia twn karki-
nik¸n kutt�rwn, dhlad  proselkÔei ta karkinik� kÔttara. Sth sunèqeia, h
CCL21 sundèetai me ton upodoqèa CCR7 kai ta karkinik� kÔttara diapernoÔn
to lemfikì istì kai dhmiourgoÔn metast�seic [3], [9], [10], [13], [14], [15]. Me
b�sh to mhqanismì autì, ja mporoÔse na dhmiourghjeÐ mia prìsjeth jerapeu-
tik  strathgik , h opoÐa ja èqei wc stìqo thn parempìdish thc sÔndeshc thc
CCL21 me to CCR7 [16], eÐte parempodÐzontac thn CCL21 eÐte ton CCR7 [9].

Sth leitourgÐa thc CCL21 shmantikì rìlo paÐzei, epÐshc, h hparÐnh (hepa-
rin). Kai pio sugkekrimèna, to jeiikì �lac thc hparÐnhc (Heparan sulfa-
te, HS) proteogluk�nhc (proteoglycan), pou eÐnai mia glukozaminogluk�nh
(glycosaminoglycan), dhlad  eÐdoc polusakqarÐth kai entopÐzetai ston exw-
kutt�rio q¸ro kai sthn epif�neia kutt�rwn. To HS eÐnai grammikìc polu-
sakqarÐthc pou apoteleÐtai apì jeiik� tropopoihmènouc epanalambanìmenouc
disakqarÐtec pou epitrèpoun sth gluk�nh na allhlepidr� kai na desmeÔei ar-
ketèc ousÐec, ìpwc oi qhmeiokÐnec, oi kutosÐnec, oi VEGF k.a. [17]. 'Eqei
parathrhjeÐ ìti oi hparÐnec èqoun thn ikanìthta na prosdènontai kai na al-
l�zoun tic leitourgÐec twn qhmeiokin¸n (kaj¸c kai twn �llwn ousi¸n me tic
opoÐec prosdènontai) [18]. To HS faÐnetai ìti èqei kajoristikì rìlo sth
olokl rwsh thc leitourgÐac thc CCL21. Sugkekrimèna, summetèqei me dÔo
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diaforetikoÔc trìpouc: a) mèsw tou HS pou par�getai apì ta lemfaggeÐa
kai leitourgeÐ wc upodoqèac (co-receptor) tou sumplìkou CCL21�CCR7, o-
dhg¸ntac ètsi, ta karkinik� kÔttara (p�nw sta opoÐa brÐsketai to sÔmploko
CCL21�CCR7) sta lemfaggeÐa. kai b) mèsw tou HS pou brÐsketai sthn e-
pif�neia tou lemfikoÔ endojhlÐou kai sugkentr¸nei th CCL21 gÔrw apì to
endoj lio, <<faner¸ntac>> ètsi th jèsh twn lemfaggeÐwn ston karkÐno. [17].

Na shmeiwjeÐ, ìti o G-termatikoÔ èlikac thc CCL21 eÐnai ploÔsioc se a-
minoxèa kai autìc eÐnai o lìgoc gia ton opoÐo to HS prosdènetai sth CCL21.
'Opwc, èqei anaferjeÐ up�rqoun dÔo eÐdh tou HS, autì pou par�getai apì ta
lemfaggeÐa kai autì pou brÐsketai sthn epif�neia tou lemfikoÔ endojhlÐou.
To HS tou mesokutt�riou q¸rou (uo opoÐo par�getai apì ta lemfaggeÐa) èqei
thn ikanìthta na sundèetai me th CCL21 kai me to sÔmploko CCL21�CCR7.
'Opwc, èqei anaferjeÐ to sÔmploko CCL21�CCR7 brÐsketai sthn epif�neia
twn karkinik¸n kutt�rwn. 'Otan to HS sundèetai me to sÔmploko autì, odhgeÐ
ta karkinik� kÔttara proc ta lemfaggeÐa. 'Etsi, to HS ousiastik� upobohj�
th dr�sh thc CCL21 kai kajorÐzei thn kateÔjunsh thc kÐnhshc twn karkini-
k¸n kutt�rwn. To HS pou brÐsketai sthn epif�neia tou lemfikoÔ endojhlÐou
èqei èna diaforetikì all� exÐsou shmantikì rìlo. Pr¸ta apì ìla to HS autì
sundèetai me tic elèujerec CCL21 tou mesokutt�riou q¸rou. Autì bohj�ei
se dÔo tomeÐc. Pr¸ton, bohj�ei th CCL21 na sundèetai me eleÔjera karki-
nik� kÔttara kai deÔteron sugkentr¸nei th CCL21 gÔrw apì to endoj lio.
To gegìnoc ìti gÔrw apì to endoj lio h sugkèntrwsh thc CCL21 eÐnai auxh-
mènh, <<prodÐdei>> th jèsh twn lemfaggeÐwn ston karkinikì ìgko kai bohj� to
sÔmploko HS�CCL21�CCR7 na kateujÔnei pio gr gora ton karkinikì ìgko
sta lemfaggeÐa. Epiprìsjeta, to HS thc epif�neiac twn kutt�rwn tou endo-
julÐou bohj�ei ta karkinik� kÔttara na prosdejoÔn sta lemfik� kÔttara kai
ètsi h eÐsodoc tou karkinikoÔ ìgkou sto lemfikì sÔsthma gÐnetai pio eÔkola
kai pio omal� [17].

To HS sundèetai kai me �llec ousÐec tou mesokutt�riou q¸rou. Autì mpo-
reÐ na odhg sei sth dèsmeush shmantik¸n posot twn tou HS kai ousiastik�
na epirre�sei th dr�sh thc CCL21. H summetoq  tou HS sth met�stash tou
karkÐnou faÐnetai pl rwc sto parak�tw sq ma (sq ma 1.3).

Na shmeiwjeÐ ìti to sÔmploko HS�CCL21�CCR7 de summetèqei mìno sto
na eisèljoun ta karkinik� kÔttara sto lemfikì sÔsthma, all� ta bohj�ei kai
sto na exèljoun apì autì [17] (sq ma 1.4).

Sth dhmosièush twn X. Yin, J. Truty k.a. : <<A critical role for lymphatic
endothelial heparan sulfate in lymph node metastasis>> ([17]) parathr jhke
ìti ìtan empodizìtan h dr�sh tou HS tìte den pragmatopoioÔntan eisbol  twn
karkinik¸n kutt�rwn sto lemfikì sÔsthma. H anastol  thc dr�shc tou HS
pragmatopoioÔntan me epexergasÐa tou lemfikoÔ sust matoc me hparin�sh. H
hparin�sh (heparinase) eÐnai ènzumo thc oikogèneiac twn luas¸n to opoÐo èqei
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Sq ma 1.3: H dr�sh tou HS se sunduasmì me th CCL21 [17].

Sq ma 1.4: H èxodoc tou karkÐnou apì to lemfikì sÔsthma me th bo jeia tou
HS kai thc CCL21 [17].

thn ikanìthta na katastrèfei tic hparÐnec, kai sth sugkekrimènh perÐptwsh
to HS. Ta apotelèsmata thc dhmosÐeushc aut c aforoÔn sto karkÐnwma twn
pneumìnwn (lung carcinoma), all� mporoÔn k�lista na genikeutoÔn gia th
genikìterh leitourgÐa tou HS kai thc CCL21.

Sumperasmatik�, ta karkinik� kÔttara, gia na katafèroun na plhsi�soun
sta lemfaggeÐa par�goun to VEGF-C, pou, me th seir� tou, anagk�zei ta
lemfik� kÔttara na par�goun th CCL21, h opoÐa proselkÔei ta karkinik�
kÔttara proc to mèroc thc mèsw tou upodoqèa CCR7. Ousiastik�, ta kar-
kinik� kÔttara qrhsimopoioÔn thn CCL21 (mèsw thc sÔndes c thc me to HS)
wc odhgì gia na entopÐsoun thn akrib  jèsh twn lemfaggeÐwn. Epiprìsjeta,
gia na katafèroun na paraqjeÐ h CCL21, par�goun VEGF-C.

Lìgw thc sÔndeshc tou CCR7 me th CCL21, èqei apodeiqjeÐ, ìti ta kar-
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kinik� kÔttara qrhsimopoioÔn to CCR7 wc èna mhqanismì gia na aniqneÔoun
th ro  twn lemfik¸n kutt�rwn. H energopoÐhsh tou CCR7 kai h sÔndesh
tou me th CCL21 rujmÐzetai mèsw twn dendritik¸n kutt�rwn. Peir�mata se
pontÐkia èdeixan ìti qwrÐc thn parousÐa dendritik¸n kutt�rwn, apotugq�nei h
met�stash mèsw tou lemfikoÔ sust matoc, epeid  to CCR7 den sundèetai me
th CCL21 [9].

Tèloc, h CCL21 èqei sundejeÐ me th met�stash stouc lemfadènec tou
traq lou thc m trac, tou paqèoc entèrou, tou stom�qou, tou mastoÔ, tou
oisof�gou, twn pneumìnwn kai tou prost�th [9]. Sta parak�tw sq mata
(Sq ma 1.5 kai 1.6) faÐnetai xek�jara o rìloc tou VEGF-C, kai kurÐwc o
rìloc thc CCL21 kai tou CCR7 sthn prosèlkush tou karkinikoÔ ìgkou apì
ta lemfaggeÐa.

Sq ma 1.5: P¸c leitourgoÔn oi qhmeiokÐnec (1) [9].

Sq ma 1.6: P¸c leitourgoÔn oi qhmeiokÐnec (2) [15].
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1.4 AggeiopoihtÐnec (Angiopoietins)

Stouc mhqanismoÔc pou summetèqoun sthn lemfaggeiogènesh shmantikì
rìlo paÐzoun oi aggeiopoihtÐnec (angiopoietins) 1 (Ang-1) kai 2 (Ang-2),
kaj¸c kai o upodoqèac touc Tie-2 (o deÔteroc upodoqèac thc oikogèneiac
Tie, upodoqèwn me energìthta kin�shc thc turosÐnhc) (o Tie-2 eÐnai gnwstìc
kai wc TEK). H turosÐnh (tyrosine, sq ma 1.7)   4-udroxufainulanÐnh (4-
hydroxyphenylalanine) eÐnai èna aminoxÔ pou qrhsimopoieÐtai apì ta kÔttara
gia th sÔnjesh twn prwteðn¸n. H kin�sh eÐnai ènzumo to opoÐo èqei thn i-
kanìthta na metafèrei fwsforikèc om�dec apì megal c enèrgeiac mìria se
sugkekrimèna upostr¸mata, mèsw miac diadikasÐac pou onom�zetai fwsfori-
lÐwsh. BebaÐa, oi kin�sec par' ìti summetèqoun shmantik� sthn fwsforilÐwsh
den èqoun kamÐa sqèsh me tic fwsforul�sec. H shmantikìterh kathgorÐa ki-
nas¸n eÐnai oi kin�sec prwteðn¸n, oi opoÐec diaforopoioÔn th drasthriìthta
sugkekrimènwn prwteðn¸n.

Sq ma 1.7: TurosÐnh (Tyrosine).

Oi upodoqeÐc me energìthta thc kin�shc thc turosÐnhc (tyrosine kinases
receprtors) sundèontai me prwteònec (  ènzuma) kai èqoun th dunatìthta na fw-
sforulÐoun pleurikèc alusÐdec thc turosin c kai h kuttaroplasmatik  perioq 
touc leitourgeÐ wc kin�sh thc turosÐnhc. H oikogèneia twn Tie upodoqe¸n
ekfr�zetai, kurÐwc, apì lemfik� kai aggeiak� kÔttara. To kÔrio mèroc twn
upodoqèwn brÐsketai entìc tou kuttaropl�smatoc twn kutt�rwn. 'Omwc, gia
na eÐnai se jèsh na mporoÔn na sundèontai me tic prwteònec prèpei na epikoi-
nwnoÔn me ton exwterikì q¸ro tou kutt�rou. Gi' autì to lìgo, oi upodoqeÐc
diapernoÔn thn kuttarik  membr�nh kai to p�nw tm ma touc brÐsketai ektìc
kutt�rou. Ta diasundetik� mìria twn upodoqèwn èrqontai proc touc upodo-
qeÐc wc sÔmplegma dÔo morÐwn. Gia na mporèsei o upodoqèac na sundejeÐ me
to mìrio autì, prèpei dÔo mìria tou upodoqèa na èrjoun kont� kai na dhmiour-
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g soun èna dimerèc. To gegonìc ìti dÔo mìria upodoqèwn èrqontai kont� èqei
wc apotèlesma na energopoieÐtai h dr�sh thc kin�shc, h opoÐa fwsforili¸nei
tic ourèc twn upodoqèwn. Oi fwsforiliomènec ourèc elkÔoun prwteònec, pou
brÐskontai mèsa ston endokutt�rio q¸ro, kai, ètsi, dhmiourgeÐtai èna sÔmplo-
ko prwteðn¸n gÔrw apì touc upodoqeÐc. To sÔmploko autì stèlnei di�fora
s mata sto kÔttaro (akìma kai proc ton pur na tou kutt�rou) kai leitourgeÐ
o katalÔthc gia na dhmiourghjoÔn di�forec bioqhmikèc diergasÐec entìc tou
kutt�rou. Gia na termatisteÐ h leitourgÐa tou upodoqèa-sumplìkou, to kÔt-
taro diajètei di�forouc mhqanismoÔc. Ston pio sun jh mhqanismì gia aut 
th diadikasÐa, oi upodoqeÐc odhgoÔntai sto eswterikì tou kutt�rou kai ekeÐ
katastrèfontai me mhqanismoÔc pèyhc [2]. H ìlh diadikasÐa faÐnetai leptome-
r¸c sto sq ma 1.8.

Sq ma 1.8: P¸c leitourgoÔn oi upodoqeÐc thc kin�shc [2].

Oi aggeiopoihtÐnec eÐnai prwteònec oi opoÐec perièqoun mia anjrakik  speÐra
sundedemènh me èna amidikì �kro kai èna inwdogìno enwmèno me èna karboxuli-
kì �kro (amino-terminal coiled-coil domain and carboxy-terminal fibrinogen-
like domain) mèsw tou opoÐou sundèontai me touc upodoqeÐc touc [19]. Oi
aggeiopoihtÐnec eÐnai par�gontec an�ptuxhc (growth factors) kai èqoun kata-
lutikì rìlo sthn aggeiogènesh kai sth lemfaggeiogènesh. Oi dÔo aggeiopoih-
tÐnec pou summetèqoun sth lemfaggeiogènesh eÐnai h aggeiopoihtÐnh 1 (Ang-1)
kai 2 (Ang-2, sq ma 1.9),   Angpt-1 kai Angpt-2, ìpwc alloÐwc onom�zontai
antÐstoiqa. Pollèc melètec èqoun deÐxei ìti oi aggeiopohtÐnec gia na sunde-
joÔn me touc upodoqeÐc touc sundèontai pr¸ta me integkrÐnec (integrins) kai
sth sunèqeia stèlnoun ta aparaÐthta s mata gia na gÐnei h diasÔndesh me touc
upodoqeÐc. Oi integkrÐnec eÐnai upodoqeÐc pou mesolaboÔn metaxÔ enìc kut-
t�rou kai twn ist¸n pou to perib�lloun (kurÐwc tou exwkutt�riou q¸rou).
'Eqoun shmantik  summetoq  sth metafor� shm�twn metaxÔ tou exwkutt�riou
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q¸rou kai tou kutt�rou.

Sq ma 1.9: H aggeiopoihtÐnh 2 (Ang-2) [20].

O kÔrioc upodoqèac pou sundèontai oi Ang-1 kai Ang-2 eÐnai o Tie-2
(sq ma 1.10), o opoÐoc par�getai apì ta endojhliak� kÔttara. 'Eqei para-
thrhjeÐ ìti h Ang-1 energopoieÐ pio dunat� ton Tie-2 se sqèsh me thn Ang-2.
Autì praktik� shmaÐnei ìti e�n up�rqei mìno èna dimerèc tou upodoqe� Tie-2
kai èna mìrio apì thn Ang-1 kai èna mìrio thc Ang-2, tìte ja ekfrasteÐ h
Ang-1 kai ìqi h Ang-2. Epiprìsjeta, gia na ekfrasteÐ h Ang-2 ja prèpei na
èqei apenergopoihjeÐ   na èqei apomakrunjeÐ h Ang-1 [6].

Sq ma 1.10: O upodoqèac Tie-2 [21].

Sth leitourgÐa twn Ang-1 kai Ang-2 sth lemfaggeiogènesh shmantikì
rìlo paÐzoun ta perikÔttara (Pericytes, PCs). Ta PCs eÐnai kÔttara pou
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brÐskontai gÔrw apì ta LEK kai ta aimofìra aggeÐa kai èqoun thn dunatìth-
ta na ephre�zoun ton fainìtupo twn geitonik¸n touc kutt�rwn. Ta PCs (mazÐ
me ta aggeiak� leÐa muðk� kÔttara (vascular smooth muscle cells, SMCs)
) eÐnai h basik  phg  paragwg c Ang-1. En¸, h Ang-2 brÐsketai apojh-
keumènh sta Weibel-Palade s¸mata, ta opoÐa thn ekkrÐnoun an�loga me ta
s mata pou dèqontai apì to kÔttaro. Ta Weibel-Palade eÐnai apojhkeutiko-
Ð q¸roi (storage granule) twn endojhliak¸n kutt�rwn [6]. Ta endojhliak�
kÔttara (endothelial cells, ECs) eÐnai mia lept  str¸sh kutt�rwn pou peri-
b�lloun ta lemfaggeÐa (kaj¸c, kai ta aimofìra aggeÐa). Ta endojhliak�
kÔttara tou lemfaggeiakoÔ sust matoc onom�zontai <<lemfik� endojhliak�
kÔttara>> (Lymphtic endothelium cells, LECs), en¸ ta antÐstoiqa twn aimo-
fìrwn aggeÐwn sun jwc anafèrontai wc apl¸c <ándojhliak� kÔttara>>. An
mia ousÐa per�sei apì ta lemfik� endojhliak� kÔttara tìte eisèrqetai sto
lemfikì sÔsthma qwrÐc peraitèrw empìdia, kaj¸c ta endojhliak� kÔttara a-
poteloÔn to teleutaÐo empìdio gia k�poia ousÐa pou jèlei na eisèljei sto
lemfikì sÔsthma. To sÔnolo twn endojhliak¸n kutt�rwn apoteleÐ to endo-
j lio (Endothelium). Epiprìsjeta, orismènoi ìgkoi èqoun thn ikanìthta na
par�goun Ang-1, en¸ h Ang-2 par�getai apì periorismèno arijmì kutt�rwn
tou ìgkou [6].

Ta PCs brÐskontai p�nw sta endojhliak� kÔttara. 'Oso, ta PCs brÐskon-
tai sta endojhliak� kÔttara, aut� den eÐnai diaperat� apì karkinikoÔc ìgkouc.
AntÐjeta, ìtan ta PCs èqoun apomakrunjeÐ apì ta endojhliak� kÔttara, tìte
o karkinikìc ìgkoc mporeÐ na prosper�sei to endoj lio kai na eisqwr sei sto
lemfaggeiakì sÔsthma, odhg¸ntac ètsi sth dhmiourgÐa metast�sewn [6]. H
prìsdesh thc Ang-1 ston Tie-2 èqei wc apotèlesma ta PCs na paramènoun
prosdemèna sta ECs. AntÐjeta, ìtan h Ang-2 prosdènetai ston Tie-2, tìte
ta PCs apokolloÔntai apì ta ECs. 'Opwc, faÐnetai kai sto sq ma 1.11 sthn
kat�stash hremÐac twn ECs (fusiologik  leitourgÐa tou kutt�rou), ta PCs
ekkrÐnoun Ang-1, h opoÐa prosdènetai ston Tie-2. 'Otan gÐnei h prìsdesh,
to sÔmploko Ang-1�Tie-2 metafèretai sthn epifaneÐa pou sundèei ta endo-
jhliak� kÔttara. 'Etsi, epitugq�netai h prìsdesh metaxÔ twn kutt�rwn tou
endojhlÐou kai exasfalÐzetai h epibÐwsh kai h stajerìthta twn endojhlia-
k¸n kutt�rwn. Epiprìsjeta, ta endojhliak� kÔttara gÐnontai adiapèrasta
se exwkutt�riec ousÐec. Epiplèon, parathr jhke ìti h prìsdesh aut  èqei
thn ikanìthta na periorÐzei thn lemfaggeiogènesh. AntÐjeta, h Ang-2 ek-
krÐnetai apì ta Weibel-Palade kat� th di�rkeia thc aggeiak c anadi�rjwshc.
Sth diadikasÐa aut  èqoume mia metatìpish tou Tie-2 se sqèsh me thn ka-
t�stash hremÐac. En¸, sthn kat�stash hremÐac o Tie-2 brÐsketai metaxÔ twn
kutt�rwn gia na exasfalÐsei thn prìsdes  touc, sthn paroÔsa kat�stash
brÐsketai metaxÔ tou kutt�rou kai tou exwkutt�riou q¸rou. Autì èqei wc
apotèlesma, h prìsdesh thc Ang-2 ston Tie-2 (sq ma 1.12) na odhgeÐ sthn

BlusÐdhc Miqa l 20



merik  katastrof  thc sunoq c kai thc omoiomorfÐac tou endojhlÐou, kaj¸c
kai sthn apokìllhsh twn PCs apì autì. H dr�sh tou sumplìkou èqei kai �l-
lec sunèpeiec, ìpwc thn an�ptuxh upoxÐac, thn paragwg  tou VEGF kai thn
ènarxh thc lemfaggeiogèneshc. H Ang-2 ousiastik� antagwnÐzetai th dr�sh
tou sumplìkou Ang-1�Tie-2 kai odhgeÐ ta endojhliak� kÔttara na eÐnai dia-
perat� (sq ma 1.13) [6].

Sq ma 1.11: P¸c dra to sÔmploko Ang-1�Tie-2 [6].

Sq ma 1.12: To sÔmploko Ang-2�Tie-2 [21].

Shmeiwtèon ìti oi mhqanismoÐ dr�shc twn aggeiopoihtÐnwn (oi opoÐec faÐ-
nontai sugkentrwtik� sto sq ma 1.14) pou perigr�fhkan anwtèrw basÐzontai
kurÐwc sth dhmosÐeush twn P. Saharinen, K. Alitalo k.a. : <<VEGF and an-
giopoietin signaling in tumor angiogenesis and metastasis>> [6]. 'Omwc, sto
sugkekrimèno �rjro oi mhqanismoÐ anafèrontai se endojhliak� kÔttara tou
aggeiakoÔ sust matoc. Par' ìla aut�, oi Ðdioi epist monec se epìmeno �rjrì
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Sq ma 1.13: P¸c dra to sÔmploko Ang-2�Tie-2 [6].

touc (”Effects of Angiopoietin-2-Blocking Antibody on Endothelial Cell–Cell
Junctions and Lung Metastasis” [22]), anafèroun ìti episthmonik� peir�mata
se pontÐkia èdeixan ìti h dr�sh thc Ang-2 sth lemfaggeiogènesh èqei ta Ðdia
apotelèsmata me aut� pou anamènontan sthn aggeiogènesh. Me b�sh tic ana-
forèc autèc èqei perigrafeÐ o anwtèrw mhqanismìc gia th dr�sh twn Ang-1
kai Ang-2. O isqurismìc autìc enisqÔetai apì to gegonìc pwc sto Ðdio �r-
jro parathr jhke, ìti empodÐzontac thn Ang-2 mei¸netai h lemfaggeiogènesh
kai h ikanìthta tou ìgkou na k�nei metast�seic mèsw tou lemfaggeiakoÔ su-
st matoc. Wstìso, eÐnai dedìmeno ìti qrei�zontai peraitèrw èreunec gia na
dieukrinisteÐ pl rwc h dr�sh twn Ang-1 kai Ang-2 sthn lemfaggeiogènesh.

Sq ma 1.14: P¸c leitourgoÔn oi Ang-1 kai Ang-2 mazÐ me ton Tie-2 [6].

Sthn episthmonik  koinìthta up�rqei mia diafwnÐa an o rìloc thc Ang-2
wc proc ton Tie-2 eÐnai agwnistikìc   antagwnistikìc. O ìroc <�gwnist c>>
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(agonist) qrhsimopoieÐtai, gia na perigr�yei mia ousÐa h opoÐa prosdènetai se
ènan upodoqèa kai mèsw thc prìsdeshc aut c stèlnei s mata sto kÔttaro
gia na ektelesteÐ mia sugkekrimènh leitourgÐa tou. AntÐjeta, antagwnist c
(antagonist) eÐnai mia ousÐa pou èqei thn dunatìthta na sundèetai me ènan u-
podoqèa, all� den par�gei k�poio s ma   den summetèqei sthn paragwg  mÐac
ousÐac sto kÔttaro, all� h leitourgÐa thc sunÐstatai sto na empodÐzei th
fusiologik  leitourgÐa kai shmatodìthsh tou upodoqèa, kai ousiastik� ton
exoudeter¸nei. SÔmfwna me touc anwtèrw orismoÔc kai me thn an�lush pou
èqei prohghjeÐ gia th leitourgÐa twn Ang-1 kai Ang-2, mporoÔme na sumpe-
r�noume ìti h Ang-1 leitourgeÐ wc agwnist c wc proc ton Tie-2. AntÐjeta,
h Ang-2 leitourgeÐ wc antagwnist c wc proc ton Tie-2. Poll� �rjra upo-
sthrÐzoun aut  th jewrÐa ([23], [24]) . 'Omwc, up�rqoun arket� �rjra pou
prospajoÔn na diereun soun an up�rqei agwnistik  dr�sh thc Ang-2 wc proc
ton Tie-2. 'Ena, apì aut� ta �rjra eÐnai kai autì twn S.-H. Song kai W. Suh
k.a. : <<Tie1 regulates the Tie2 agonistic role of angiopoietin-2 in human
lymphatic endothelial cells>> [25]. SÔmfwna me to �rjro autì parathr jhke
ìti genik� h Ang-2 èqei antagwnistik  dr�sh wc proc ton Tie-2. 'Omwc, kaj¸c
sto peÐrama metaballìtan h sugkèntrwsh tou Tie-1, parathr jhke ìti se po-
lÔ qamhlèc sugkentr¸seic h Ang-2 leitourgeÐ agwnistik� wc proc ton Tie-2.
Parìlo pou up�rqoun aut� ta shmantik� eur mata akìma paramènei �gnwsth
h agwnistik  leitourgÐa thc Ang-2 wc proc ton Tie-2. Gia autì ton lìgo
sth paroÔsa ergasÐa jewreÐtai ìti h Ang-2 èqei mìno antagwnistik  dr�sh
wc proc ton Tie-2 [25].

Ektìc apì ton upodoqèa Tie-2, oi Ang-1 kai Ang-2 èqoun thn ikanìthta
na sundèontai me ton upodoqèa Tie-1 (o pr¸toc upodoqèac thc oikogèneiac
twn Tie upodoqèwn). 'Omwc, up�rqoun lemfik� kÔttara pou ekfr�zoun mìno
ton Tie-2 kai ìqi ton Tie-1. Bèbaia, up�rqoun kai kÔttara pou ekfr�zoun
kai touc dÔo upodoqeÐc. Mèqri stigm c den èqoun anakalufjeÐ kÔttara pou
na ekfr�zoun mìno ton Tie-1 kai ìqi ton Tie-2. Upì kanonikèc sunj kec,
oi aggeiopoihtÐnec sundèontai me èna dimerèc eÐte apì Tie-2 eÐte apì Tie-1 kai
èqoume kanonik� thn èkfrash tou sumplìkou thc ek�stote perÐptwshc. 'Omwc,
sta kÔttara pou ekfr�zoun kai touc dÔo upodoqeÐc parathroÔntai upodoqeÐc-
eterodimer  Tie-1�Tie-2. Se aut  th perÐptwsh, oi dÔo aggeiopoihtÐnec (Ang-1
kai Ang-2) sumperifèrontai diaforetik�. Sugkekrimèna, ìtan h Ang-1 p�ei na
sundejeÐ me to eterodimerèc energopoioÔntai orismènoi mhqanismoÐ, oi opoÐoi o-
dhgoÔn sthn di�lush tou eterodimeroÔc. To monomerèc tou Tie-1 apomakrÔne-
tai kai sth jèsh tou èrqetai èna monomerèc tou Tie-2. 'Etsi, dhmiourgeÐtai èna
dimerèc apì upodoqeÐc tÔpou Tie-2. H Ang-1 sundèetai me to dimerèc kai ètsi,
èqoume thn èkfrash tou sumplìkou Ang-1�Tie-2. AntÐjeta, ìtan h Ang-2
sunant� to eterodimerèc Tie-1�Tie-2, den parathreÐtai kamÐa allag  kai h
aggeiopoihtÐnh sundèetai kanonik� me to dimerèc. Se aut  th perÐptwsh den
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ekfr�zetai to sÔmploko tou Ang-2�Tie-2 (oÔte kai to Ang-2�Tie-1). 'Etsi,
ousiastik� ìtan up�rqoun eterodimer  Tie-1�Tie-2 h Ang-2 apenergopoieÐtai
kai èqoume mìno èkfrash thc Ang-1 [26]. H ìlh diadikasÐa parousi�zetai sto
parak�tw sq ma (Sq ma 1.15).

Sq ma 1.15: Pijanèc sundèseic tou eterodimeroÔc Tie-1�Tie-2 [26].

O rìloc pou paÐzei o Tie-1 sthn lemfaggeiogènesh den èqei pl rwc dieukri-
nisteÐ. Kai m�lista entìc thc episthmonik c koinìthtac up�rqoun antikrouì-
menec apìyeic gia touc mhqanismoÔc stouc opoÐouc summetèqei kai me poiì
trìpo [26]. Gia to lìgo autì, sth paroÔsa ergasÐa ta lemfik� kÔttara pou
ja melethjoÔn jewreÐtai ìti den ekfr�zoun kajìlou twn upodoqèa Tie-1, pa-
r� mìno twn Tie-2.

EÐnai safèc ìti oi gn¸seic mac gÔrw apì th lemfaggeiogènesh eÐnai pe-
riorismènec, en¸ h sumbol  thc sthn up�rxh metast�sewn kai di�doshc tou
karkÐnou eÐnai idiaÐterwc shmantik . Th dedomènh perÐodo, up�rqoun arketèc
ereunhtikèc om�dec oi opoÐec asqoloÔntai me autì ton tomèa kai pragmato-
poioÔntai mia seir� apì melètec kai peir�mata gia na katanohjeÐ h sumbol 
diafìrwn ousi¸n (ìpwc oi aggeiopoihtÐnec) sthn lemfaggeiogènesh.

BlusÐdhc Miqa l 24



Kef�laio 2

MontelopoÐhsh sthn
aggeiogènesh

2.1 ProhgoÔmenec DhmosieÔshc

H montelopoÐhsh thc lemfaggeiogèneshc eÐnai èna sqetik� kainoÔrgio pe-
dÐo, sto opoÐo ìson afor� ta suneq  montèla h monadik  prosp�jeia èqei
gÐnei apì touc A. Friedman kai G. L¸la ([27]) kai apì touc M. Pepper kai
G. L¸la ([28]). Antijètwc, up�rqoun arket� �rjra ta ìpoia asqoloÔntai me
th montelopoi sh thc aggeiogèneshc. ParadeÐgmata twn opoÐwn apoteloÔn oi
douleièc twn M. A. J. Chaplain kai A. R. A. Anderson ([29]) kai twn M. A.
J. Chaplain kai H. Enderling ([30]). Par�llhla, h paroÔsa ergasÐa apoteleÐ
thn pr¸th gnwst  prosp�jeia montelopoÐhshc thc lemfaggeiogèneshc me th
qr sh stoqastikoÔ montèlou.

2.2 Diaforèc
Aggeiogèneshc-Lemfaggeiogèneshc

'Opwc, èqei anaferjeÐ to lemfikì kai to aggeiakì sÔsthma, ìpwc kai ta
montèla pou ta perigr�foun, èqoun koin� stoiqeÐa. Par' ìla aut� up�rqoun
k�poiec shmantikèc diaforèc sth montelopoÐhsh twn dÔo susthm�twn:

- Ta peiramatik� apotelèsmata sth lemfeggeiogènesh eÐnai sqetik� prìsfa-
ta kai polÔ ligìtera, sugkritik� me aut� thc aggeiogèneshc. Gia autì to
lìgo se orismèna shmeÐa to montèlo basÐzetai se stoiqeÐa thc aggeio-
gèneshc mèsw proèktashc pou ègine gia aut� sth lemfaggeiogènesh.
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'Etsi, kaj¸c, nèa peiramatik� dedomèna gÐnontai diajèsima, sto montèlo
mporoÔn na prostejoÔn nèa stoiqeÐa.

- Ta montèla diaforik¸n exis¸sewn kai sth lemfaggeiogènesh kai sthn
aggeiogènesh perigr�foun mìno tic sugkentr¸seic gia ta antÐstoiqa en-
dojhliak� kÔttara. Autì den ephre�zei idiaÐtera ta montèla thc lem-
faggeiogèneshc, all� èqei meg�lh epÐptwsh se aut� thc aggeiogèneshc,
kaj¸c to sÔsthma tou aÐmatoc eÐnai èna kleistì sÔsthma (kai ètsi ta
montèla thc aggeiogèneshc prèpei na perièqoun ènan ìro gia thn ana-
stìmwsh), en¸ antÐjeta to lemfikì sÔsthma eÐnai èna anoiqtì sÔsthma
(katal gei sto aÐma) kai, epomènwc, den apaiteÐ anastìmwsh. O ìroc
<�nastìmwsh>> (anastomosis) anafèretai sthn epanasÔndesh kai an�mixh
dÔo diaforetik¸n reumat¸n, pou prohgoumènwc eÐqan diaqwristeÐ, kai,
kurÐwc, emfanÐzetai sta aimofìra aggeÐa.

- Ta lemfik� aggeÐa èqoun thn ikanìthta na paramènoun �jikta gia 6 m nec
(se merik� peir�mata akìma kai 1 qrìno), en¸ ta aimofìra aggeÐa ar-
qÐzoun kai elatt¸nontai perÐpou 2 ebdom�dec, af' ìtou èqoun exantlhjeÐ
oi auxhtikoÐ par�gontec. Kat� sunèpeia, èna montèlo lemfaggeiogène-
shc diarkeÐ perissìtero apì èna montèlo aggeiogèneshc.
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Mèroc II

APOTELESMATA
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Kef�laio 3

Trisdi�stato montèlo

3.1 Genik� gia to CompuCell 3D

Sthn paroÔsa ergasÐa oi mhqanismoÐ twn qhmeiokin¸n melet jhkan kai
se trisdi�stato epÐpedo me th bo jeia tou progr�mmatoc CompuCell 3D.
To CompuCell 3D (CC3D) eÐnai èna upologistikì perib�llon epÐlushc pro-
blhm�twn, basismèno se gl¸ssa C++ tri¸n diast�sewn, pou epikentr¸ne-
tai se probl mata biosunjetìthtac ta opoÐa perièqoun pollapl� majhmati-
k� montèla. Gia thn epÐlush twn problhm�twn tou, to CC3D qrhsimopoieÐ
th mèjodo Cellular Potts Model (CPM). Epiprìsjeta, qrhsimopoieÐ epilÔtec
merik¸n diaforik¸n exis¸sewn, ìpwc gia par�deigma gia thn epÐlush twn mh-
qanism¸n di�qushc exwkutt�riwn ousi¸n. Me ìlouc autoÔc touc epilÔtec to
CC3D èqei thn dunatìthta na epilÔei montèla kuttarik¸n antidr�sewn kai
apokrÐsewn. Par' ìti to CC3D eÐnai domhmèno se gl¸ssa C++, h graf  twn
montèlwn pragmatopoieÐtai se gl¸ssa Python. Epiplèon, to CC3D epitrèpei
sto qr sth na k�nei programmatismì se gl¸ssa XML, (eXtensible Markup
Language)   na gr�yei to montèlo tou se XML kai se Python sundu�zontac
ta [31].

To montèlo CPM (Cellular Potts Model) eÐnai mia upologistik  mèjodoc
montelopoi shc h opoÐa basÐzetai sth dhmiourgÐa kai epÐlush plegm�twn kai
kuri¸c qrhsimopoieÐtai se biologik� montèla. H CPM eÐnai epÐshc gnwst  wc
<<Glazier and Graner model>> kaj¸c, h telik  thc morf  sqedi�sthke to 1992
apì touc James Glazier kai Francois Graner (to montèlo pr¸toc to periègra-
ye o Renfrey Potts sthn diatrib  tou). Sthn CPM qrhsimopoeÐtai o ìroc
<<kÔttaro>> gia na perigr�yei perioqèc apì pixels pou èqoun to Ðdio id. Autì
to <<kÔttaro>> mporeÐ na antistoiqeÐ se èna pragmatikì kÔttaro, se èna mèroc
kutt�rou   mia perioq  pou perièqei mia sugkekrimènh ousÐa. K�je kÔttaro
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èqei 4 diaforetik� qarakthristik�. Aut� eÐnai o ìgkoc tou (target volume), h
elastikìthta tou ìgkou (volume elasticity), h epif�nei� tou (target surface
area) kai h elastikìthta thc membr�nhc (membrane elasticity). H mèjodoc
(epomènwc kai to prìgramma) èqei wc stìqo, sthn epÐlus  tou, thn elaqisto-
poÐhsh thc enèrgeiac metaxÔ twn kutt�rwn. H kÔria leitourgÐa thc mejìdou
eÐnai h eÔresh thc Qamiltonian c thc enèrgeiac, h opoÐa sth sunèqeia qrh-
simopoieÐtai gia ton upologismì thc metabol c twn idiot twn twn kutt�rwn.
Ston upologismì thc Qamiltonian c shmantikì rìlo paÐzei h diamìrfwsh tou
plègmatoc, kaj¸c kai twn geitonik¸n plegm�twn kai upoplegm�twn [31].

3.2 DhmiourgÐa Montèlou

Sto montèlo pou dhmiourg jhke melet�tai h leitourgÐa twn qhmeiokin¸n
kai sugkekrimèna thc CCL21. Epeid  ìpwc èqei anaferjeÐ h CCL21 dra afoÔ
èqei pragmatopoihjeÐ h lemfageiogènesh, sto parìn montèlo èqoume jewr sei
ìti èqei  dh pragmatopoihjeÐ h lemfaggeiogènesh kai Ôstera xekin� h èkkrish
thc CCL21. H ìlh diadikasÐa pragmatopoieÐtai se èna orjog¸nio parallhle-
pÐpedo. To qwrÐo mac perièqei èna tm ma twn lemfaggeÐwn, mÐa proèktash touc
apì neosÔstata lemfik� kÔttara (ta opoÐa proèkuyan apì th lemfaggeiogène-
sh) kai ènan ìgko. H gewmetri� twn kutt�rwn pou summetèqoun epilèqjhke
me b�sh ta biologik� jewrhtik� dedomèna thc bibliografÐac. Ta lemfaggeÐa
katalamb�noun th mÐa èdra tou parallhlepipèdou mac kai èqoun hmikulindrikì
sq ma. To neosÔstato lemfaggeÐo èqei kulinrikì sq ma kai eÐnai k�jeto sta
lemfaggeÐa. Tèloc, o karkinikìc ìgkoc èqei sq ma sfaÐrac. H gewmetrÐa tou
montèlou faÐnetai sto sq ma 3.1.

Sto sq ma 3.1 me pr�sino anoiqtì qr¸ma parousi�zontai ta lemfaggeÐa,
me skoÔro pr�sino to neosÔstato lemfaggeÐo kai me mple qr¸ma o karkinikìc
ìgkoc.

Ta nèa lemfaggeÐa èqoun thn ikanìthta kai par�goun CCL21. 'Otan, h
sugkèntrwsh thc CCL21 kont� ston karkÐno xeper�sei èna ìrio, tìte k�poia
karkinik� kÔttara arqÐzoun kai feÔgoun apì ton ìgko kai eisèrqontai sto
lemfaggeiakì sÔsthma. Na shmeiwjeÐ ìti sto prìgramma up�rqei ìroc ¸ste
ta karkinik� kÔttara na mh feÔgoun apì ton ìgko apì k�poio shmeÐo kai me-
t�, kaj¸c sthn ìlh biologik  diadikasÐa o ìgkoc den aposuntÐjetai. Gia na
pragmatopoihjeÐ aut  h diadikasÐa, eis�game sto prìgramma:

a) ìro gia thn èkkrish (secretion) thc CCL21 apì to lemfaggeÐo, ètsi ¸ste
na mporeÐ na gÐnei h paragwg c thc,

b) ìro gia th di�qush (diffusion) thc CCL21, ètsi ¸ste na mporeÐ h CCL21
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Sq ma 3.1: H gewmetrÐa tou montèlou

na exaplwjeÐ mèsa ston exwkutt�rio q¸ro kai

g) ìro qhmeiotaxÐac (Chemotaxis), ètsi ¸ste na eÐnai ikan� ta karkinik�
kÔttara na kinhjoÔn proc th CCL21.

Sto sq ma 3.2 faÐnetai èna stigmiìtupo thc ìlhc diergasÐac, kat� to opoÐo
orismèna karkinik� kÔttara (kìkkino qr¸ma) èqoun fÔgei apì ton ìgko kai
kinoÔntai proc ta lemfaggeÐa.

3.3 O k¸dikac tou montèlou

Sth sunèqeia ja anaferjoÔn ta pio shmantik� mplok entol¸n (Plugins)
pou qrhsimopoi jhkan ston XML k¸dika tou progr�mmatoc. Na shmeiwjeÐ
ìti o k¸dikac thc Python tou programm�toc perièqei entol  mìno gia th mÐtw-
sh twn karkinik¸n kutt�rwn.
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Sq ma 3.2: èna stigmiìtupo thc diadikasÐac

Gia na dhmiourg soume thn epijumht  gewmetrÐa qrhsimopoi same tic e-
ntolèc UniformInitializer kai BlobInitializer. To UniformInitializer eÐnai èna
mplok entol¸n, to opoÐo epitrèpei sto qr sth na kajorÐzei orjog¸niec perio-
qèc me kÔttara mèsa sto pedÐo epÐlushc. Sto sugkekrimèno mplok eis�game
pl rwc thn epijumht  jèsh twn kutt�rwn, kaj¸c kai to mègejìc touc. Me
thn entol  aut  kajorÐsthke to sq ma twn lemfaggeÐwn kai twn neosqh-
mantisjèntwn lemfaggeÐwn. Me thn entol  BlobInitializer o qr sthc èqei th
dunatìthta na dhmiourg sei mia sfairik  perioq  kÔttarwn. Sth sugkekrimènh
entol  eisag�game to mègejoc tou k�je kutt�rou, to kèntro kai thn aktÐna
thc sfaÐrac. H sugkekrimènh entol  qrhsimopoi jhke gia ton kajorismì tou
sq matoc tou ìgkou.

Gia na kajoristoÔn oi dun�meic pou sundèoun ta kÔttara metaxÔ touc, qrh-
simopoi jhke to mplok entol¸n Contact. Gia na pragmatopoi sei to CC3D
touc aparaÐthtouc energeiakoÔc upologismoÔc qrei�zetai, na tou dwjoÔn oi e-
nergeiakoÐ desmoÐ metaxÔ twn kutt�rwn. Sth paroÔsa montelopoÐhsh to rìlo
autì diadramatÐzei to mplok entol¸n Contact. Mèsw thc entol c aut c to
CC3D gia na pragmatopoi sei tou apaitoÔmenouc upologismoÔc lÔnei thn e-
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xÐswsh:

EAdhesion =
∑

i,j,neighbors

J(τσ(i), τσ(j))(1− δσ(i),σ(j))

Sth parap�nw exÐswsh, ta i kai j eÐnai dÔo geitonikèc jèseic plègmatoc, to
s dhl¸nei thn tautìthta tou k�je kutt�rou kai to t to eÐdoc tou kutt�rou.

Sth sunèqeia prosjèsame, akìma mÐa entol  gia tic kuttarikèc idiìthtec
(kai ousiastik� akìma ènan energeiakì ìro sthn Qamiltonian  thc enèrgeiac).
O ìroc pou prosjèsame eÐnai to mplok entol¸n Volume. To mplok autì
exasfalÐzei ìti o ìgkoc twn kutt�rwn eÐnai ìso to dunatìn plhsièsteroc
ston Target Volume (tim  pou dÐnetai apì to qr sth). O energeiakìc ìroc
tou Volume èqei th morf :

Evolume = λvolume(Vcell − Vtarget)2

Ta λvolume kai Vtarget kajorÐzontai apì ton qr sth kai Vcell eÐnai o ìgkoc
tou ek�stote kutt�rou.

Gia thn epÐlush twn fainomènwn di�qushc, qrhsimopoi jhke to mplok e-
ntol¸n FlexibleDiffusionSolverFE. To sugkerimèno mplok apoteleÐ mÐa apì
tic basikìterec kai pio shmantikèc enìthtec sta montèla tou CC3D. 'Opwc
proanafèrjhke to mplok autì rujmÐzei ta faÐnomena di�qushc tou montèlou,
kaj¸c kai thn èkkrish ousÐwn, epeid  sto CC3D o ìroc thc èkkrishc ousi¸n
jewreÐtai mèroc thc genik c exÐswshc di�qushc.

∂c
∂t

= D52 c+ kc+ secretion

ìpou k eÐnai h stajer� aposÔnjeshc thc ousÐac me sukèntrwsh c, D h
stajer� di�qushc kai o ìroc <<secretion>> anafèretai sto rujmì me ton opoÐ-
o par�getai h ousÐa apì ta antÐstoiqa kÔttara. Sto sugkekrimèno mplok o
qr sthc kajorÐzei ìlec tic metablhtèc thc exÐswshc. Epiprìsjeta, o qr sthc
prosjètei tic paramètrouc (DeltaT, DeltaX), oi opoÐec deÐqnoun th susqètish
pou up�rqei metaxÔ tou qrìnou kai thc mon�dac m kouc tou progr�mmatoc me
tic antÐstoiqec timèc twn pragmatik¸n paramètrwn.

Epiprìsjeta, èqei qrhsimopoihjeÐ h entol  CenterOfMass h opoÐa upo-
qre¸nei to prìgramma, ìtan anafèretai se k�je kÔttaro, na anafèretai sto
kèntro tou kutt�rou kai ìqi se èna tuqaÐo shmeÐo tou. H sugkekrimènh entol 
qrhsimopoieÐ tic exis¸seic:

xCM =
∑
i

xi, yCM =
∑
i

yi, zCM =
∑
i

zi
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ìpou i eÐnai ta pixel tou k�je kÔttaro kai x, y, z oi diast�seic tou q¸rou.
To kèntro tou kutt�rou gia k�je mÐa apì tic diast�seic upologizetai wc ex c:

XCM = xCM

V
, YCM = yCM

V
, ZCM = zCM

V

Gia na prosjèsoume th qhmeiìtaxh sto prìgramm� mac prosjèsame ston
XML k¸dika thn entol  Chemotaxis. Sth sugkekrimènh entol  kajorÐsame
to pìso isqur� èlkontai ta karkinik� kÔttara apì th CCL21. H sugkekrimènh
entol  qrhsimopoeÐ thn parak�tw exÐswsh gia thn qhmeiìtaxh:

∆Echem = λ(c(−→x neighbor)− c(−→x ))

ìpou c(−→x neighbor) kai c(−→x ) th sugkèntrwsh sthn phg  kai se èna pixel
antÐstoiqa [31]. O k¸dikac tou montèlou parateÐjetai sto par�rthma Bþ.

3.4 Apotelèsmata

Ta apotelèsmata tou montèlou faÐnontai sta parak�tw sq mata:

Sq ma 3.3: Stigmiìtupo sta 300 MCS.
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Sq ma 3.4: Stigmiìtupo sta 450 MCS.

Sq ma 3.5: Stigmiìtupo sta 455 MCS.
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Sq ma 3.6: Stigmiìtupo sta 464 MCS.

Sq ma 3.7: Stigmiìtupo sta 473 MCS.
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Sq ma 3.8: Stigmiìtupo sta 485 MCS.

Sq ma 3.9: Stigmiìtupo sta 499 MCS.
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Sq ma 3.10: Stigmiìtupo sta 510 MCS.

Sq ma 3.11: Stigmiìtupo sta 521 MCS.
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Sq ma 3.12: Stigmiìtupo sta 606 MCS.

ParathroÔme ìti ta apotelèsmat� mac eÐnai arket� kìnta sta bibliografi-
k� dedomèna thc diadikasÐac, ìpwc aut  èqei perigrafeÐ sto jewrhtikì tm ma
thc ergasÐac. O qrìnoc pou qrei�sthke gia na oloklhrwjeÐ h ìlh diadikasÐa
(apì tìte pou xekin�ei to pr¸to karkinikì kÔttaro na feÔgei apì ton ìgko,
mèqri na eisèljei to teleutaÐo karkinikì kÔttaro sta lemfaggeÐa) eÐnai 1 ¸ra
kai 55 lept� (115 MCS). EpÐshc, ta pr¸ta karkinik� kÔttara xekÐnhsan na
metanasteÔoun stic 7.5 ¸rec (450 MCS).

3.5 Paradoqèc tou montèlou

Gia thn epÐlush tou probl matoc mac, èprepe na k�noume k�poiec parado-
qèc. Oi pr¸tec paradoqèc pou èprepe na gÐnoun aforoÔsan thn antistoÐqish
tou pragmatikoÔ qrìnou kai m kouc me ta antÐstoiqa tou progr�mmatoc. Jew-
r same ìti 1 leptì (min) pragmatikoÔ qrìnou isodunameÐ me 1 b ma epÐlushc
(MCS) . aut  eÐnai mia tupik  paradoq  gia to qrìno pou èqei pragmatopoihjeÐ
kai se prohgoÔmenec montelopoi seic sto CC3D. Epiprìsjeta, jewr same ìti
1 mon�da m kouc sto prìgramma (voxel (lenth)) isodunameÐ me 10 mm pragma-
tikoÔ m kouc.

Sto prìgramma oi shmantikèc stajerèc pou eis�gontai eÐnai h stajer� di�-
qushc (diffusion constant) thc CCL21, o rujmìc paragwg c thc CCL21 apì
to neosÔstato lemfaggeÐo, kaj¸c kai pìso dunat� èlkontai ta karkinik� kÔt-
tara apì th CCL21. SÔmfwna me ta bibliografik� dedomèna ([32], [15], pÐna-

kac Aþ.1) h stajer� di�qushc thc CCL21 eÐnai perÐpou 140 µm2

s
. H tim  aut 

me b�sh tic paradoqèc pou èqoume k�nei gia to m koc kai to qrìno tou pro-
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gr�mmatoc metatrèpetai se 83 voxel(length)2

MCS
(140µm

2

s
= 140 · (0.1voxel(length))

2

0.0167MCS
=

83voxel(length)
2

MCS
). 'Omwc, to prìgramma apì mìno tou jètei periorismì gia th

stajer� di�qushc, h opoÐa den mporeÐ na xeper�sei thn tim  0,16 voxel(length)2

MCS
.

Gia na epilÔsoume autì to prìblhma prosjèsame ènan ìro ètsi ¸ste to mplok
pou afor� th diaqush na epanalamb�netai 523 forèc se k�je b ma epÐlushc
(523 = 83

0.16
).

Gia thn èkkrish thc CCL21 kai th qhmeiìtaxh thc den up�rqoun bibliogra-
fik� dedomèna. Gia to lìgo autì oi timèc twn paramètrwn aut¸n prostèjhkan
me b�sh tic antÐstoiqec timèc se �llec montelopoi seic sto CC3D. Na sh-
meiwjeÐ ìti sto prìgramma up�rqei ìroc sÔmfwna me ton opoÐo h metakÐnhsh
twn karkinik¸n kutt�rwn ja xekin sei apì k�poia sugkèntrwsh thc CCL21
kai met�. Autìc o ìroc eis�qjhke giatÐ sthn pragmatikìthta h ìlh diadik�sia
apaiteÐ mia el�qisth sugkèntrwsh thc CCL21 gia na xekin sei. 'Omwc, h tim 
thc sugkèntrwshc aut c èqei epilegeÐ aujaÐreta, kaj¸c den up rqan biblio-
grafik� dedomèna gia aut .

Na tonisteÐ ìti sto prìgramma den èqoun eisaqjeÐ oi dÔo upodoqeÐc thc
CCL21 (CCR7 kai HS). Par' ìla aut� h dr�sh touc ekdhl¸netai mèsa apì
ta mplok entol¸n tou progr�mmatoc kai twn tim¸n orismènwn paramètrwn.
Epiprìsjeta, gia na meiwjeÐ h upologistik  dÔnamh pou apaiteÐtai gia na epi-
lujeÐ to prìgramma ìlec oi timèc pou eisèrqontai se autì èqoun diairejeÐ me
to pènte. Epomènwc, ìla ta apotelèsmata eÐnai se klÐmaka 1:5.

3.6 Epiprìsjetec montelopoi seic

Lìgo twn proanaferjèntwn paradoq¸n pragmatopoi jhkan k�poiec epi-
plèon prosomoi¸seic ètsi ¸ste na melethjeÐ kat� pìson oi paradoqèc mac
ephre�zoun to apotèlesma tou montèlou mac. Na shmeiwjeÐ ìti k�je for� al-
l�zame mÐa par�metro kai oi upìloipec parèmenan Ðdiec me to basikì montèlo.

Dokim�same mÐa montelopoÐsh sthn opoÐa èqei auxhjeÐ o rujmìc paragw-
g c thc CCL21 apì ta lemfaggeÐa kat� 33.3%. Parathr jhke ìti o qrìnoc
olokl rwshc thc ìlhc diadikasÐac parèmeine o Ðdioc (1 ¸ra kai 55 lept�),
all� mei¸jhke o qrìnoc ènarxhc thc diadikasÐac kat� 2.5 ¸rec (150 MCS, pe-
rÐpou 33.3%). Autì  tan èna anamenìmeno apotèlesma, kaj¸c ìso aux�netai
o rujmìc paragwg c thc CCL21, tìso pio gr gora ja ft�sei h sugkèntrwsh
thc sto apaitoÔmeno gia th diadikasÐa epÐpedo. To gegonìc ìti h ¸ra pou
apaiteÐtai gia thn olokl rwsh thc diadikasÐac paramènei Ðdia, eÐnai apolÔtwc
fusiologikì kaj¸c, o qrìnoc autìc ephre�zetai kurÐwc apo th qhmeiìtaxh thc
ousÐac wc proc ta karkinik� kÔttara.

Sth sunèqeia, pragmatopoi same mÐa �llh montelopoÐsh sthn opoÐa èqei
meiwjeÐ h qhmeiìtaxh thc CCL21 wc proc ta karkinik� kÔttara kat� 20%.
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Parathr jhke ìti o qrìnoc olokl rwshc thc ìlhc diadikasÐac aux jhke kat�
11 lept� (10% perÐpou), all� o qrìnoc ènarxhc thc diadikasÐac parèmeine sta-
jerìc. Ta apotelèsmata eÐnai pl rwc katanoht� kaj¸c ìso mei¸netai h qh-
meiìtaxh, tìso ligìtero dunat� èlkontai ta karkinik� kÔttara apì th CCL21
kai �ra apaiteÐtai perissìteroc qrìnoc gia thn olokl rwsh thc diadikasÐac.
Epiprìsjeta, o qrìnoc ènarxhc thc diadikasÐac ephre�zetai apì to rujmì èk-
krishc thc CCL21 kai ìqi apì th qhmeiìtax  thc, gia autì den parathr jhke
k�poia all�gh se autìn.

Tèloc, pragmatopoi same mia ektèlesh tou progr�mmatoc èqontac mei¸sei
thn apaitoÔmenh sugkèntrwsh gia thn ènarxh thc metan�steushc twn karkini-
k¸n kutt�rwn kat� 20%. Parathr jhke, ìti o qrìnoc olokl rwshc thc ìlhc
diadikasÐac parèmeine o Ðdioc (1 ¸ra kai 55 lept�) all� mei¸jhke o qrìnoc
ènarxhc thc diadikasÐac kat� 2.5 ¸rec (perÐpou 33.3%). Ta apotelèsmata
aut�  tan anamenìmena, giatÐ afoÔ mei¸jhke h apaitoÔmenh sugkèntrwsh, h
metan�steush ja arqÐsei pio prin me dedomèno ìti h sugkèntrwsh thc CCL21
xepern� to aparaÐthto ìrio pio gr gora.

Me b�sh ta apotelèsmata aut� kai me to gegonìc ìti èqoun pragmatopoih-
jeÐ arketèc paradoqèc, mporoÔme na sumper�noume ìti o pragmatikìc qrìnoc
pijan¸c na apèqei apì to qrìno pou qrei�sthke sto montèlo mac gia na prag-
matopoihjeÐ h diadikasÐa. Dustuq¸c, den up�rqei kanèna peiramatikì dedomèno
p�nw stic qhmeiokÐnec kai ètsi den mporoÔme na sugkrÐnoume ta apotelèsmat�
mac me to pragmatikì qrìno thc diadikasÐac.
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Kef�laio 4

Diaforik  epÐlush

4.1 DhmiourgÐa diaforik¸n susthm�twn

• SÔsthma thc CCL21

Oi antidr�seic pou lamb�noun q¸ra sto sÔsthma autì eÐnai oi ex c:

CCL21 + CCR7
k1−−⇀↽−−
k−1

CCL21∼CCR7 (1)

CCL21∼CCR7 + HS
k2−−⇀↽−−
k−2

HS∼CCL21∼CCR7 (2)

Sth sunèqeia thc an�lushc ja qrhsimopoihjoÔn k�poiec suntomografÐec
gia thn kalÔterh katanìhsh twn upologism¸n:

* L=CCL21

* R=CCR7

* LR=CCL21∼CCR7

* HSLR=HS∼CCL21∼CCR7

* µ=stajer� aposÔnjeshc thc CCL21

* b=stajer� paragwg c thc CCL21

Sto qrìno mhdèn èqoume to shmeÐo: (L0, R0, LR0, HS0, HSLR0), ìpou
profan¸c:
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3 LR0 = 0

3 HSLR0 = 0

Me b�sh thn arq  diat rhshc thc m�zac to sÔsthma twn antidr�sewn
metatrèpetai se:

dL

dt
= −k1 · L ·R + k−1 · LR (4.1)

dR

dt
= −k1 · L ·R + k−1 · LR (4.2)

dLR

dt
= k1 · L ·R− k−1 · LR− k2 · LR ·HS + k−2 ·HSLR (4.3)

dHS

dt
= −k2 ·HS · LR + k−2 ·HSLR (4.4)

dHSLR

dt
= k2 ·HS · LR− k−2 ·HSLR (4.5)

ìpou me sunduasmì touc èqoume:

(4.1)− (4.2) = 0 7−→ dL

dt
− dR

dt
= 0 7−→ R = L− L0 +R0 (4.6)

(4.4)+(4.5) = 0 7−→ dHS

dt
+
dHSLR

dt
= 0 7−→ HS = −HSLR+HS0 (4.7)

(4.3) + (4.1) + (4.5) = 0 7−→ dLR

dt
+
dL

dt
+
dHSLR

dt
= 0

7−→ LR = −L−HSLR + L0 (4.8)

Oi shmantikèc ousÐec tou sust matoc eÐnai h CCL21 kai to sÔmploko
HS�CCL21�CCR7. Sth sunèqeia akoloujeÐ h apodiastasiolìgish tou su-
st matoc, me th bo jeia thc sugkèntrwshc anafor�c thc CCL21 L′. 'Etsi,
èqoume:
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Ý

(4.1), (4.6), (4.8) 7−→ dL

dt
= −k1·L·(L−L0+R0)+k−1·(−L−HSLR+L0) =

= −k1 · L2 + k1 · L0 · L− k1 ·R0 · L− k−1 · L− k−1 ·HSLR + k−1 · L0−

−
oρoς απoσυνθεσης︷︸︸︷

µ · L +

oρoς παραγωγης︷︸︸︷
b · L =

= −k1 ·L2− (−k1 ·L0 + k1 ·R0 + k−1 + µ− b) ·L− k−1 ·HSLR+ k−1 ·L0

(4.9)

dL
L′

dt · k−1
= − k1

k−1
· L
L′
· L · L

′

L′
− (−k1 · L0 + k1 ·R0 + k−1 + µ− b)

k−1
· L
L′
−

− k−1
k−1
· HSLR

L′
+
k−1
k−1
· L0

L′
(4.10)

Sthn exÐswsh 4.9 prosjèsame dÔo epiplèon ìrouc. 'Enan ìro gia th para-
g¸gh thc CCL21 apì ta lemfaggeÐa kai ènan gia to rujmì aposÔndes c thc.
Gia th met�bash apì thn exÐswsh 4.9 sthn exÐswsh 4.10 diairèsame k�je ìro
thc exÐswshc me to ginìmeno L′ · k−1, ètsi ¸ste na dhmiourg soume adi�sta-
touc ìrouc.

Ý

(4.5), (4.7), (4.8) 7−→ dHSLR

dt
= k2 ·(−HSLR+HS0)·(−L−HSLR+L0)−

−k−2 ·HSLR = k2 ·L ·HSLR+k2 ·HSLR2−k2 ·L0 ·HSLR−k2 ·HS0 ·L−
− k2 ·HS0 ·HSLR + k2 ·HS0 · L0 − k−2 ·HSLR =

= k2 ·HSLR2−k2 ·HS0 ·L− (k2 ·L0 +k2 ·L0 +k−2) ·HSLR+k2 ·L ·HSLR+

+ k2 ·HS0 · L0 (4.11)

dHSLR
L′

dt · k−2
=

k2
k−2
·HSLR

L′
·HSLR · L

′

L′
− k2 ·HS0

k−2
· L
L′

+
k2
k−2
· L
L′
·HSLR · L

′

L′
−

− (k2 · L0 + k2 · L0 + k−2)

k−2
· HSLR

L′
+
k2 ·HS0 · L0

L′ · k−2
(4.12)
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Gia th met�bash apì thn exÐswsh 4.11 sthn exÐswsh 4.12 diairèsame k�je
ìro thc exÐswshc me to ginìmeno L′ · k−2, ètsi ¸ste na dhmiourg soume adi�-
statouc ìrouc.

Telik¸c:

v

dL∗

dt∗
= a1,1 · L∗2 + a1,2 · L∗ + a1,3 ·HSLR∗ + a1,4

a1,1 = −k1·L′
k−1

, a1,2 = − (−k1·L0+k1·R0+k−1+µ−b)
k−1

, a1,3 = −1, a1,4 = L0

L′

v

dHSLR∗

dt∗
= a2,1 ·HSLR∗2 + a2,2 · L∗ + a2,3 · L∗ ·HSLR∗ + a2,4 ·HSLR∗ + a2,5

a2,1 = −k1·L′
k−1

, a2,2 = −k2·HS0

k−2
, a2,3 = k2

k−2
, a2,4 = − (k2·L0+k2·L0+k−2)

k−2

a2,5 = k2·HS0·L0

L′·k−2

ìpou L∗ = L
L′
, HSLR∗ = HSLR

L′
, t∗ = t

k−1
sthn pr¸th exÐswsh kai t∗ = t

k−2

sth deÔterh.
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• SÔsthma twn Ang-1 - Ang-2

Oi antidr�seic pou lamb�noun q¸ra sto sÔsthma autì eÐnai oi ex c:

Ang-1 + Tie-2
k3−−⇀↽−−
k−3

Ang-1∼Tie-2 (3)

Ang-2 + Tie-2
k4−−⇀↽−−
k−4

Ang-2∼Tie-2 (4)

Sth sunèqeia thc an�lushc ja qrhsimopoihjoÔn k�poiec suntomografÐec
gia thn kalÔterh katanìhsh twn upologism¸n:

* A1=Ang-1

* A2=Ang-2

* T=Tie-1

* TA1=Ang-1∼Tie-2

* TA2=Ang-2∼Tie-2

* µ1=stajer� aposÔnjeshc thc Ang-1

* µ2=stajer� aposÔnjeshc thc Ang-2

* b1=stajer� paragwg c thc Ang-1

* b2=stajer� paragwg c thc Ang-2

Sto qrìno mhdèn èqoume to shmeÐo: (A10, A20, T0, TA10, TA20), ìpou pro-
fan¸c:

3 TA10 = 0

3 TA20 = 0

Me b�sh thn arq  diat rhshc thc m�zac to sÔsthma twn antidr�sewn
metatrèpetai se:

dA1

dt
= −k3 · A1 · T + k−3 · TA1 (4.13)
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dA2

dt
= −k4 · A1 · T + k−4 · TA2 (4.14)

dT

dt
= −k3 · A1 · T + k−3 · TA1− k4 · A1 · T + k−4 · TA2 (4.15)

dTA1

dt
= k3 · A1 · T − k−3 · TA1 (4.16)

dTA2

dt
= k4 · A1 · T − k−4 · TA2 (4.17)

ìpou me sunduasmì touc èqoume:

(4.13) + (4.16) = 0 7−→ dA1

dt
+
dTA1

dt
= 0 7−→ TA1 = −A1 + A10 (4.18)

(4.14) + (4.17) = 0 7−→ dA2

dt
+
dTA2

dt
= 0 7−→ TA2 = −A2 + A20 (4.19)

(4.15) + (4.16) + (4.17) = 0 7−→ dT

dt
+
dTA1

dt
+
dTA2

dt
= 0

7−→ T = −TA1− TA2 + T0
(4.18),(4.19)−−−−−−−→ T = A1 + A2− A10 − A20 + T0

(4.20)

Oi shmantikèc ousÐec tou sust matoc eÐnai oi Ang-1 kai Ang-1. Sth su-
nèqeia akoloujeÐ h apodiastasiolìgish tou sust matoc, me th bo jeia twn
sugkèntrwshc anafor�c thc Ang-1 A1′ kai thc Ang-2 A2′. 'Etsi, èqoume:

Ý

(4.13), (4.18), (4.20) 7−→ dA1

dt
= −k3 · A1 · (A1 + A2− A10 − A20 + T0)+

+ k−3 · (−A1 + A10) =

− k3 ·A12− k3 ·A1 ·A2 + k3 ·A10 + k3 ·A20− k3 · T0− k−3 ·A1 + k−3 ·A10−

−
oρoς απoσυνθεσης︷ ︸︸ ︷

µ1 · A1 +

oρoς παραγωγης︷ ︸︸ ︷
b1 · A1 =

= −k3·A12−k3·A1·A2−(k−3+µ1−b1)·A1+(k3·A10+k3·A20−k3·T0+k−3·A10)
(4.21)
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dA1
A′1

dt · k−3
= − k3

k−3
· A1

A′1
· A
′1 · A1

A′1
− k3
k−3
· A1

A′1
· A
′2 · A2

A′2
−

− (k−3 + µ1 − b1)
k−3

· A1

A′1
+

(k3 · A10 + k3 · A20 − k3 · T0 + k−3 · A10)

A′1 · k−3
(4.22)

Ý

(4.14), (4.19), (4.20) 7−→ dA2

dt
= −k4 · A2 · (A1 + A2− A10 − A20 + T0)+

+ k−4 · (−A1 + A10) =

− k4 ·A22− k4 ·A1 ·A2 + k4 ·A10 + k4 ·A20− k4 · T0− k−4 ·A2 + k−4 ·A20−

−
oρoς απoσυνθεσης︷ ︸︸ ︷

µ2 · A2 +

oρoς παραγωγης︷ ︸︸ ︷
b2 · A2 =

= −k4·A22−k4·A1·A2−(k−4+µ2−b2)·A2+(k4·A10+k4·A20−k4·T0+k−4·A20)
(4.23)

dA2
A′2

dt · k−4
= − k4

k−4
· A2

A′2
· A
′2 · A2

A′2
− k4
k−4
· A
′1 · A1

A′1
· A2

A′2
− 1

A′2
· A2

− µ2

A′2 · k−4
· A2 +

b2
A′2 · k−4

· A2−

− (k−4 + µ2 − b2)
k−4

· A2

A′2
+

(k4 · A10 + k4 · A20 − k4 · T0 + k−4 · A20)

A′2 · k−4
(4.24)

Sthn exÐswsh 4.21 kai sthn exÐswsh 4.23 prosjèsame dÔo epiplèon ìrouc,
sthn k�je mÐa. 'Enan ìro gia th parag¸gh thc Ang-1 kai thc Ang-2 antÐstoiqa
. kai ènan gia to rujmì aposÔndes c twn ousi¸n aut¸n.

Gia th met�bash apì thn exÐswsh 4.21 sthn exÐswsh 4.22 diairèsame k�je
ìro thc exÐswshc me to ginìmeno A′1 · k−3, ètsi ¸ste na dhmiourg soume adi�-
statouc ìrouc. Kai antÐstoiqa, gia th met�bash apì thn exÐswsh 4.23 sthn
exÐswsh 4.24 diairèsame k�je ìro thc exÐswshc me to ginìmeno A′2 · k−4, ètsi
¸ste na dhmiourg soume adi�statouc ìrouc.

Telik¸c:
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v

dA∗1
dt∗

= a3,1 · A∗12 + a3,2 · A∗1 · A∗2 + a3,3 · A∗1 + a3,4

a3,1 = −A′1·k3
k−3

, a3,2 = −A′2·k3
k−3

, a3,3 = − (k−3+µ1−b1)
k−3

a3,4 = (k3·A10+k3·A20−k3·T0+k−3·A10)
A′1·k−3

v

dA∗2
dt∗

= a4,1 · A∗22 + a4,2 · A∗1 · A∗2 + a4,3 · A∗2 + a4,4

a4,1 = −A′2·k4
k−4

, a4,2 = −A′1·k4
k−4

, a4,3 = − (k−4+µ2−b2)
k−4

a4,4 = (k4·A10+k4·A20−k4·T0+k−4·A20)
A′2·k−4

ìpou A1∗ = A1
A′1

, A2∗ = A2
A′2

, T ∗ = T
T ′
, t∗ = t

k−3
sthn pr¸th exÐswsh kai

t∗ = t
k−4

sth deÔterh.

4.2 Suz thsh twn diaforik¸n exis¸sewn

Ap¸teroc stìqoc twn parap�nw diaforik¸n exis¸sewn eÐnai h qr sh touc
sto prìgramma CC3D, ètsi ¸ste na dhmiourghjeÐ èna poluklimakoÔmeno(multi-
scale) - moriakì-kuttarikì montèlo. Mèqri stigm c, arketèc apì tic staje-
rèc den eÐnai akìma diajèsimec, Ôstera apì endeleq  bibliografik  anaz thsh.
K�poiec apì tic stajerèc pou den eÐnai gnwstèc eÐnai oi arqikèc sugkentr¸seic
twn CCL21 (L0), CCR7 (R0), HS (HS0), Ang-1 (A10), Ang-2 (A20) kai Tie-
2 (T0), ìpwc kai o rujmìc paragwg c (b) kai aposÔnjeshc (m) thc CCL21.
H melontik  èreuna mac perilamb�nei thn an�lush twn parap�nw dunamik¸n
susthm�twn kai th qr sh touc gia th dhmiourgÐa tou poluklimakoÔmnenou
montèlou . èreuna h opoÐa xepern� ta ìria miac ptuqiak c ergasÐac.
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Kef�laio 5

Sumper�smata

5.1 Sumper�smata

Sthn paroÔsa ergasÐa melet jhke h lemfaggeiogènesh kai sugkekrimèna
h dr�sh thc CCL21 kai twn Ang-1, Ang-2. Arqik�, up rxe mia parousÐash
tou biologikoÔ upob�jrou kai thc dr�shc twn ousi¸n aut¸n.

Sth sunèqeia, montelopoi jhke me b�sh thc mèjodo Cellular Potts Mo-
del, mèsw tou progr�mmatoc CompuCell 3D, to sÔsthma thc CCL21. KÔrioc
stìqoc tou montèlou sthn paroÔsa ergasÐa eÐnai na exhg soume pwc apl�
stoqastik� montèla, ìpwc parousi�sthkan sthn ergasÐa aut , perigr�foun
th sumperifor� twn qhmeiokin¸n kai mporoÔn na dhmiourg soun èna pl joc
fainomènwn pou sqetÐzontai me th lemfaggeiogènesh. Gia par�deigma, deÐxa-
me sto kef�laio 3.6, pwc ènac aplìc ekkritikìc par�gontac (ìpwc autìc thc
CCL21) mporeÐ na ephre�sei th lemfaggeiogènesh. Tèloc, up rxe mia basik 
an�lush se ìrouc diaforik¸n exis¸sewn kai twn dÔo susthm�twn.

Ta apotelèsmata tou montèlou  tan se pl rh sumfwnÐa me ta jewrhtik�
biologik� dedomèna. Parathr jhke, ìti h CCL21 xekin� na dra stic 7.5 pe-
rÐpou ¸rec, kai h dr�sh thc diarkeÐ 2 ¸rec perÐpou (se pragmatikì qrìno).
Epiprìsjeta, apodeÐqjhke ìti k�poiec apì tic paradoqèc tou montèlou mpo-
rei na ephre�zoun to qronikì apotèlesma tou. 'Omwc, gia th diìrjws  touc
qrei�zontai epiplèon bibliografik� dedomèna, ta opoÐa mèqri stigm c den eÐnai
gnwst� sthn episthmonik  koinìthta.

5.2 Mellontikèc Enèrgeiec

EÐnai dedomèno ìti h sugkekrimènh ergasÐa èqei arketèc mellontikèc pro-
optikèc. Arqik�, to montèlo twn qhmeiokin¸n ja mporoÔse na emploutisteÐ
me dedomèna, pou pijan¸c na prokÔyoun sto mèllon apì biologik� peir�mata
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gia to sÔsthma autì, kaj¸c ta twrin� dedomèna eÐnai periorismèna. Epiplèon,
eÐnai dunatìn na dhmiourghjeÐ mia prosomoÐwsh h opoÐa ja afor� to sÔsth-
ma twn aggeiopoihtin¸n. To jewrhtikì upìbajro, kaj¸c kai oi shmantikèc
par�metroi tou sust matoc (par�rthma Aþ, pÐnakac Aþ.2) eÐnai  dh gnwstèc,
epomènwc up�rqoun arketèc pijanìthtec na pragmatopoihjeÐ to montèlo autì.
Epiprìsjeta, to parìn montèlo (gia tic qhmeiokÐnec) ja mporoÔse na sundua-
steÐ me autì twn aggeiopoihtÐnwn (ìtan pragmatopoihjeÐ), gia na up�rqei mia
pio oloklhrwmènh montelopoi sh thc diadikasÐac thc lemfaggeiogèneshc.

Akìma, mia mellontik  enèrgeia pou ja pragmatopoihjeÐ eÐnai h epÐlush
twn diaforik¸n exis¸sewn twn dÔo susthm�twn (me thn proôpìjesh ìti oi
apaitoÔmenec stajerèc ja upologistoÔn sto mèllon). Sth sunèqeia, oi dia-
forikèc exis¸seic autèc mporoÔn na prostejoÔn sta antÐstoiqa progr�mmata
sto CompuCell 3D kai na dhmiourghjoÔn poluklimakoÔmena montèla. Tèloc,
ta montèla ja mporoÔsan na qrhsimopoihjoÔn gia thn efarmog  farm�kwn,
gia thn antimet¸pish kai thn anastol  thc lemfaggeiogèneshc, me ap¸tero
skopì th anastol  thc karkinik c met�stashc.
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Par�rthma Aþ

Stajerèc Ousi¸n

Par�metroc Tim  Anafor�

Rujmìc sÔndeshc tou CCL-21
me to CCR-7

150± 30mM [38]

Stajer� sÔndeshc tou CCL-21
me thn HS

9.3 · 104(M · s)−1 [15]

Stajer� aposÔndeshc tou
CCL-21 me thn HS

1.2 · 10−4s−1 [15]

Suntelest c di�qushc tou Ang-2
130− 160µm2 · s−1 [32]

140µm2 · s−1 [15]

PÐnakac Aþ.1: Stajerèc gia tic qhmeiokÐnec.
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Par�metroc Tim  Anafor�

Suntelest c di�qushc thc Ang-2
3, 6 · 10−4mm2 · h−1 [33]
4, 5 · 10−3mm2 · h−1 [34]

Rujmìc paragwg c thc Ang-1
apì ta EC

0, 01 · h−1 [33]

Rujmìc paragwg c thc Ang-2 0, 08 · h−1 [33]
apì ta EC 15·10−5(Mcells · h)−1 ·mm2 [34]

Rujmìc paragwg c thc Ang-2
apì ta upooxugonoÔqa kÔttara

0.05 · h−1 [33]

Rujmìc paragwg c thc Ang-1
apì ta karkinik� kÔttara

3 · 10−4(Mcells · h)−1 ·mm2 [34]

Rujmìc aposÔnjeshc thc Ang-1 0.003 · h−1 [33]
Rujmìc aposÔnjeshc thc Ang-2 0.002 · h−1 [33]
Stajer� sÔndeshc thc Ang-1 me

to Tie-2
36 · (µM · h)−1 [33]

Stajer� aposÔndeshc thc
Ang-1 me to Tie-2

0.1332 · h−1 [33]

Rujmìc sÔndeshc 3,7 nM [33], [35]
thc Ang-1 2,5 nM [36], [37]
me to Tie-2 3 nM [34]

Stajer� sÔndeshc thc Ang-2 me
to Tie-2

41, 7 · (µM · h)−1 [33]

Stajer� aposÔndeshc thc
Ang-2 me to Tie-2

0.108 · h−1 [33]

Rujmìc sÔndeshc thc Ang-1 2, 59nM [33]
me to Tie-2 3nM [34]

PÐnakac Aþ.2: Stajerèc gia tic aggeiopoihtÐnec.
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Par�rthma Bþ

K¸dikac tou CC3D

<CompuCell3D>

<!−− Basic p r o p e r t i e s o f CPM (GGH) algor i thm −−>
<Potts>

<Dimensions x=”60” y=”50” z=”85”/>
<Steps>10000</Steps>
<Temperature>20</Temperature>
<NeighborOrder>3</NeighborOrder>

</Potts>

<!−− L i s t i n g a l l c e l l types in the s imu la t i on −−>
<Plugin Name=”CellType”>

<CellType TypeId=”0” TypeName=”Medium”/>
<CellType TypeId=”1” TypeName=”Lymph”/>
<CellType TypeId=”2” TypeName=”Tumour”/>
<CellType TypeId=”3” TypeName=”NewLymph”/>
<CellType TypeId=”4” TypeName=”Tumour2”/>

</Plugin>

<Plugin Name=”Contact”>
<Energy Type1=”Medium”
Type2=”Medium”>0</Energy>

<Energy Type1=”Medium”
Type2=”Lymph”>12</Energy>
<Energy Type1=”Lymph”
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Type2=”Lymph”>5</Energy>

<Energy Type1=”Medium”
Type2=”Tumour”>12</Energy>
<Energy Type1=”Lymph”
Type2=”Tumour”>15</Energy>
<Energy Type1=”Tumour”
Type2=”Tumour”>5</Energy>

<Energy Type1=”Medium”
Type2=”Tumour2”>12</Energy>
<Energy Type1=”Lymph”
Type2=”Tumour2”>15</Energy>
<Energy Type1=”Tumour”
Type2=”Tumour2”>10</Energy>
<Energy Type1=”Tumour2”
Type2=”Tumour2”>5</Energy>

<Energy Type1=”Medium”
Type2=”NewLymph”>12</Energy>
<Energy Type1=”Lymph”
Type2=”NewLymph”>20</Energy>
<Energy Type1=”Tumour”
Type2=”NewLymph”>10</Energy>
<Energy Type1=”Tumour2”
Type2=”NewLymph”>5</Energy>
<Energy Type1=”NewLymph”
Type2=”NewLymph”>5</Energy>
<NeighborOrder>4</NeighborOrder>

</Plugin>

<Plugin Name=”Volume”>
<VolumeEnergyParameters CellType=”Lymph”
LambdaVolume=”20” TargetVolume=”40”/>
<VolumeEnergyParameters CellType=”Tumour”
LambdaVolume=”20” TargetVolume=”40”/>
<VolumeEnergyParameters CellType=”NewLymph”
LambdaVolume=”30” TargetVolume=”50”/>
<VolumeEnergyParameters CellType=”Tumour2”
LambdaVolume=”20” TargetVolume=”40”/>

</Plugin>
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<Plugin Name=”CenterOfMass”/>

<!−−Plugin Name=”NeighborTracker”/−−>

<Plugin Name=”Pixe lTracker”/>

<Steppable Type=”F l ex ib l eD i f f u s i onSo lv e rFE”>
<D i f f u s i o n F i e l d>

<Dif fus ionData>
<FieldName>CCL21</FieldName>
<ConcentrationFileName>
</ConcentrationFileName>
<Dif fus ionConstant >0.16
</Di f fus ionConstant>
<DecayConstant>0.00016
</DecayConstant>
<DoNotDecayIn>Medium</DoNotDecayIn>
<ExtraTimesPerMCS>100</ExtraTimesPerMCS>
<DeltaX>2.0</DeltaX>
<DeltaT>1.0</DeltaT>

</Di f fus ionData>

<Secret ionData>
<S e c r e t i o n Type=”NewLymph”>1.8
</Secre t i on>

</Secret ionData>
</D i f f u s i o n F i e l d>

</Steppable>

<Plugin Name=”Chemotaxis”>

<ChemicalFie ld
Source=”F l ex ib l eD i f f u s i onSo lv e rFE ”
Name=”CCL21”>
<ChemotaxisByType Type=”Tumour2”
Lambda=”1000”/>
</ChemicalField>
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</Plugin>

<Plugin Name=”Connect iv i tyGloba l”>
<Penalty Type=’Tumour’>500</Penalty>

</Plugin>

<Steppable Type=”U n i f o r m I n i t i a l i z e r ”>
<Region>

<BoxMin x=”14” y=”0” z=”0”/>
<BoxMax x=”46” y=”50” z=”4”/>
<Gap>0</Gap>
<Width>2</Width>
<Types>Lymph</Types>

</Region>

<Region>
<BoxMin x=”28” y=”23” z=”4”/>
<BoxMax x=”32” y=”27” z=”36”/>
<Gap>0</Gap>
<Width>2</Width>
<Types>NewLymph</Types>

</Region>

</Steppable>

<Steppable Type=” B l o b I n i t i a l i z e r ”>
<Region>

<Gap>0</Gap>
<Width>2</Width>
<Radius>8</Radius>
<Center x=”30” y=”25” z=”58”/>
<Types>Tumour</Types>

</Region>
</Steppable>
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</CompuCell3D>

K¸dikac XML

from PySteppables import ∗
import CompuCell
import sys
from copy import deepcopy

from PySteppablesExamples import Mitos i sSteppableBase

c l a s s Mitos i sS teppab l e ( Mitos i sSteppableBase ) :
de f i n i t ( s e l f , s imu la tor , f r equency =1):

Mitos i sSteppableBase . i n i t
( s e l f , s imu la tor , f r equency )

de f s tep ( s e l f , mcs ) :
f i e l d 1=CompuCell . g e tConcent ra t i onF ie ld
( s e l f . s imulator , ”CCL21”)
f o r c e l l in s e l f . c e l l L i s t :

p i x e l L i s t=C e l l P i x e l L i s t
( s e l f . p ixe lTrackerPlug in , c e l l )

i f c e l l . type==2:

minFie ldCe l l=1e12
maxFie ldCel l =0.0

f o r p ixe lData in p i x e l L i s t :
Pt=pixe lData . p i x e l
concent ra t i on=f i e l d 1 . get ( Pt )
#CCL21
i f concentrat ion>maxFieldCel l :

maxFie ldCel l=concent ra t i on
i f concentrat ion<minFie ldCe l l :

minFie ldCe l l=concent ra t i on
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i f mcs<460 and maxFieldCell>=5:
c e l l . type=4

from PySteppables import ∗
import CompuCell
import sys

from PlayerPython import ∗
import CompuCellSetup
from math import ∗
from XMLUtils import dict ionaryToMapStrStr as d2mss
from XMLUtils import CC3DXMLListPy

K¸dikac python
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