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OZET

EGEFR proteini epitelyal hiicrelerin yiizeyinde eksprese edilen bir protein olup
pek cok solid tiimodrde agir1 ekspresyonu gozlenmektedir. EGFR sinyal iletim yolagi,
akciger kanserlerinin gelisiminde ise karisan hiicresel yolaklarin en dnemlilerinden
biridir. EGFR’1n aktive olmasi sonucunda hiicre proliferasyonu, tiimor invazyonu,
metastaz, antiapoptotik sinyal iletimi, kemoterapiye direng, ve tiimoér damarlanmasi
ile iliskili sinyal yolaklar1 aktive olmaktadir. Yapilan ¢alismalar normal mukozadan
epitelyal hiperplazi ve kansere gecisde EGFR ekspresyonunun kademeli olarak
arttigin1 - gostermistir. NSCLC tedavisinde en yaygin olarak incelenmis olan
hedeflenmis terapiler EGFR proteininin ekstraseliiler bolgesine baglanan antikorlar
ve tirozin kinaz fonksiyonunu baskilayan kii¢liik molekiillerdir. Yapilan ¢alismalar,
EGFR geni mutasyonlarinin ve EGFR proteini ekspresyon artisinin EGFR tirozin
kinaz inhibitorlerine cevapliligi 6ngéren markirlar olabilecegini gostermistir. Hiicre
hatlar1 ile yapilan ¢alismalar PTEN’in yer aldigi PI3K yolaginin inhibisyonunun ve
Mcl-1 ekspresyonunun baskilanmasinin EGFR tirozin kinaz inhibitdrlerinin
etkinligini arttirdigimi gostermektedir. Ancak bu proteinlerin NSCLC’li olgularin
tiimor dokularindaki ekspresyonlar1 arasindaki iligki tam olarak aydinlatilabilmis
degildir. Bu ¢alismada, NSCLC tanili 50 olgunun timdr dokularinda dizi analizi
yontemiyle EGFR geninde mutasyon taramasi yapilmistir. Ayrica Western-blot
yontemi ile EGFR, PTEN ve Mcl-1 proteinlerinin ekspresyon seviyeleri
incelenmistir. Olgularin  timor dokularin patolojik olarak degerlendirilmesi
sonucunda, 9 tanesi adenokarsinom, 30 tanesi yass1 epitel hiicreli karsinom, 9 tanesi
adenosquaméz karsinom, 2 tanesi ise biiyiik hiicreli karsinom olarak belirlenmistir.
Degerlendirilen 50 olgunun ikisinde EGFR geninin 19. ekzonunda heterozigot
durumda, ¢.2235 2249 (p.Glu746_Ala750del) mutasyonu belirlenmistir. Ayrica, 5
olguda (% 10) heterozigot durumda 18. intronda daha Once literatiirde bildirilmis
olan 2184+19 G/A polimorfizmi, 8 olguda (% 16) heterozigot durumda 18. intronda
daha once tanimlanmamis olan 2184+100 C/T polimorfizmi belirlenmistir. 6 olguda
(%]12) yine heterozigot durumda 19. intronda daha 6nce tanimlanmis olan 2283+69
G/A polimorfizmi belirlenirken, 19. intronda daha onceden tanimlanmis 2283+96
A/G polimorfizmi de saptanmistir. Bu polimorfizme ait allellerin dagilimi ise su
sekildedir; AA; 22/50 (% 44), AG; 17/50 (% 34), GG; 11/50 (% 22). Incelenmis olan
olgunun 23‘linde (% 46) EGFR proteini ekspresyonunda artig, 17°sinde (% 34)
PTEN protein ekspresyonunda azalma, 15’inde (% 30) Mcl-1 ekspresyonunda artis
belirlenmistir. Ayrica, EGFR proteini ekspresyonu artis1 ya da EGFR geni
mutasyonuna sahip dokular ayni zamanda PTEN ekspresyonu kaybi ya da Mcl-1
proteini ekspresyonu artisina da sahip olabildigi gosterilmistir. Bu nedenle EGFR
proteinini hedefleyen ilaglarla birlikte, PI3K/Akt yolagi inhibisyonunu ve ya Mcl-1
ekspresyonunun baskilanmasini saglayacak yeni biyolojik ajanlarin kullanilmasinin
EGEFR tirozin kinaz inhibitorlerinin etkinligini arttirabilecegini diisiinmekteyiz.

Anahtar Kelimeler: Kiiciik hiicreli olmayan akciger kanseri, EGFR, Mcl-1, PTEN.
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ABSTRACT

EGFR, expressed on epithelial cell surfaces, is frequently overekspressed in
most of solid tumours. EGFR signaling taphway is one of the important pathways
playing a role in development of lung cancer. Activation of the EGFR leeds to
activation of cellular pathways associated with cell proliferation, invasion,
metastasis, antiapoptotic signal transduction, drug resistance and angiogenesis.
Recently, it has been demonstrated that, EGFR expression levels are elevated
through lung carcinogenesis. Most important targeted therapies evaluated in NSCLC
include EGFR monoclonal antibodies and EGFR tirosine kinase inhibitors. Recent
studies showed that EGFR gene mutations and EGFR overexpression may be usefull
predictive markers for response to EGFR targeting drugs. Studies in lung cancer cell
lines, indicated that inhibition of PI3K signaling and Mcl-1 downregulation may
elevate the effectivenes of the EGFR TKI’s in tumour cells. PTEN and Mcl-1
protein expression levels in EGFR overexpressed or mutated NSCLC tumour tissue
samples are not well studied. In this study, we evaluated, EGFR gene mutations by
direct sequencing in NSCLC tumour tissues. In addition, EGFR, PTEN and Mcl-1
protein expression levels evaluated by Western-blotting. Histopatological evaluations
revealed that, were adenocarcinoma, 30 were squamous cell carcinoma, 9 were
adenosquamous carcinoma, and 2 were large cell carcinoma. We detected
c.2235 2249 (p. Glu746_Ala750del) mutation in ekson 19 in two cases. In addition,
we detected, 2184+19 G/A polymorphism in intron 18 in 5 cases (10%), 2184+100
C/T polymorphism in intron 18 in 8 cases (16%), 2283+69 G/A polymorhism in
intron 19 in 6 cases (12%). Distribution of the alleles of 2283+96 A/G poymorphism
in intron 19 was as follows: AA,21/50 (42%), AG;16/50 (32%), GG;11/50 (22%).
According to Western-blotting we detected EGFR overexpression in 23 cases (46%),
reduction of PTEN expression in 17 cases (34%), and Mcl-1 overexpression in 15
cases (30%). Also we showed that EGFR tutated or overexpressed tumour tissues
also have reduction in PTEN expression or Mcl-1 overexpression. Therefore,
approaches targeting these two proteins inaddition to EGFR irosine kinase inhibitors
may accelerate the effectivenes of EGFR tirosine kinase inhibitors.

Key Words: Nonsmall Cell Lung Cancer, EGFR, Mcl-1, PTEN.
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GIRIS ve AMAC

Akciger kanseri tiim diinyada erkeklerde ve kadinlarda dliimle sonuglanan en
onemli kanser tlirlerinden biridir. Tedavi alanindaki tiim gelismelere ragmen akciger
kanserli hastalarin 5 yillik sagkalim oranlar1 %15 civarindadir. Akciger kanserleri,
kiigiik hiicreli (SCLC) ve kiigiik hiicreli olmayan akciger kanserleri (NSCLC) olarak
iki ana grup altinda degerlendirilmektedir. Kiigiik hiicreli olmayan akciger kanserleri
yassi epitel hiicreli karsinom, adenokarsinom, biiyiik hiicreli karsinom ve miks tipler
gibi farkli histopatolojik alt gruplara ayrilmaktadir. Kiiciik hiicreli olmayan akciger
kanserlerinde hiicre dongiisiiniin kontroliinde, hiicre bliyliime ve ¢ogalmasinda, DNA
tamirinde ve apoptozda rol oynayan pek c¢ok gende ve bu genlerin iiriinlerinde
degisimler saptanmustir. Kiigiik hiicreli olmayan akciger kanserlerinde en onemli
sinyal yolag1 epidermal growth faktor reseptor sinyal yolagidir. Bu yolak, epidermal
growth faktoriin hiicre ylizeyinde bulunan reseptdriine baglanmasi sonucunda aktive
olmakta ve hiicre igerisinde farkli sinyal iletim yolaklarin aktive olmasina neden
olmaktadir. Kiicilik hiicreli olmayan akciger kanserlerinde epidermal growth faktor
reseptorii (EGFR) proteininin asir1 ekspresyonu yaygin olarak gdzlenen bir genetik
degisimdir. Bu nedenle son yillarda kii¢iik hiicreli olmayan akciger kanseri
hastalarinin tedavisinde kullanilmak tizere epidermal growth faktor reseptorii sinyal
yolagini baskilamaya yonelik molekiiler ajanlarin gelistirilmesine yonelinmistir. Bu
molekiiler ajanlarin en 6nemli grubu EGFR tirozin kinaz domaini inhibitorleridir.
Yapilan ¢aligmalar epidermal growth faktor reseptor proteini asir1 ekspresyonunun ve
EGFR geni tirozin kinaz domaininde meydana gelen mutasyonlarin EGFR TKTI’lere
duyarlilig1 iaret eden bir markir olabilecegini gostermistir. Ancak EGFR TKI
tedavisinde yasanan en 6nemli sorun ilaca karsi gosterilen primer ya da sekonder
direngdir. Hiicre hatlar1 ile yapilan calismalar PTEN ve Mcl-1 proteinlerinin bu
direncin kaynagi olabilecegini diistindiirmektedir.

Bu c¢alismada NSCLC tanili hastalarin tiimoér dokularinda EGFR geni tirozin
kinaz domaini mutasyonlar1 ve EGFR protein ekpresyonu ile PTEN ve Mcl-1
proteinleri ile iliskisinin arastirilmasi hedeflenmistir.



GENEL BIiLGILER

2.1 Normal Akciger Dokusunun Yapisi

Akcigerler gogiis kafesi i¢inde bulunan ve loblardan olusmus bir ¢ift solunum
organidir. Sag akciger iic, sol akciger ise 2 lobdan olusmaktadir. Ust solunum yollar,
havanin 1sitilarak ve nemlendirilerek gaz alis verisinin yapildigi bolgeler olan
alveollere taginmasini saglayan yapilardir. Tiibiiler sekle sahip olan bu yapilarin bu i¢
kisimlar1 epitel hiicreleri ile kaplidir. Bronslar 1 mm’den daha genis ¢apli olup
kikirdak dokuya sahipken, bronsiyoller 1 mm’den daha kiiclik capa sahip olup
kikirdak icermezler. Brons ve brosiyoller silli hiicreler, goblet hiicreleri, bazal
hiicreler, néroendokrin hiicreler, yassi epitel hiicreleri, clara hiicreleri gibi farkl
Ozelliklere sahip hiicre tipleri igermektedirler. Terminal bronsiyoller duvarlarinda
alveol yapilar1 bulunan solunum bronsiyolleri ile sonlanirlar. Alveoller arasinda
bulunan alveoller arasi duvarlar kilcal kan damarlari, elastik lifler ve doku
makrofajlarini igerir. Alveollerin i¢ kisminin % 97’si tip I pnomositler ad1 verilen
epitelyal hiicrelerle, geri kalan % 3’liik kisim ise tip Il pnomositler ile doselidir. Tip I
pnomositler biiyiik yass1 ve boliinme yetenegi olmayan hiicrelerdir. Akcigerlerdeki
gaz degisimi bu hiicrelerin sitoplazmalar1 araciligi ile gergeklesmektedir. Kiiboidal
yaptya sahip olan tip II pnomositler ise boliinebilen ve tip I pndmositlerin onciilleri
olan hiicrelerdir (1).

Akciger dokusunda bulunan hiicrelerde, hiicre boliinmesi, hiicre farklilagsmasi ve
hiicre 6liimiinii kontrol eden sinyal yolaklarinin bozulmasi durumunda bu hiicreler
kontrolsiiz olarak bdliiniip ¢ogalma 0Ozelligi kazanabilmekte ve farkli histolojik
ozelliklere sahip kanser hiicreleri olugabilmektedir.

2.2 Akciger Kanserlerinin Tanis1 ve Evrelendirilmesi

Akciger kanseri hem erkeklerde hem de kadinlarda 6liime sebebiyet veren en
onemli kanserlerden biridir. Tan1 aninda hastalarin % 90’1 hastalig1 isaret eden
semptomlara sahiptir. Ancak olgularin % 30’u primer timor ile iligkili semptomlara
sahipken, % 60’1 metastatik hastalik ile iligkili sistemik semptomlara sahiptir.
Sistemik semptomlar tiimoér dokusundan salinmakta olan peptidlerden veya timor
iligkili antijenlere gosterilen immiinolojik reaksiyonlardan kaynaklanmaktadir.
Akciger kanseri semptomlart a) lokal semptomlar, b) intratorasik yayilim iligkili
semptomlar, c) gogiis kafesi disina yayillim ve metastaz iliskili semptomlar ve d)
paraneoplastik sendromlar olarak ayrilmaktadir. Akciger kanserli olgularda tiimor ile
iligkili olarak oOksiiriik, nefes alip vermede giicliik, kanli balgam, gogiis agrisi,
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halsizlik, kilo kaybi, kemik agrilari, hiriltili nefes alma, yutma giicliigii gibi
semptomlar gozlenebilmektedir. Akciger kanserinin tamisinda gogiis radyografisi,
bilgisayarl1 tomografi, bronkoskopi, balgamin sitolojik incelenmesi, ince igne
biyopsisi, plevral aspirasyon ve biyopsisi gibi yontemler kullanilmaktadir (2).
Akciger kanserlerinin siniflandirilmasinda (Tablo 2.1) ve evrelendirilmesinde (Tablo
2.2) Timor Nodiil Metastaz (TNM) sistemi kullanilmaktadir (3).

Tablo 2.1. Akciger kanserlerinin TNM siniflama sistemi.

PRIMER TUMOR (T)

T0: Primer tm belirtisi yok

Tis: Karsinoma in situ

T1: Genis cap: <3cm. akciger ve visseral plevra ile ¢evrili. bronkoskopik olarak
lob bronsundan daha proksimale uzanmavan

T2: Genis cap: ~3cm, ana bronslarda verlesen ancak ana karinaya uzakligi = 2cm
olan, visseral plevraya kadar uzanan, atelektazi veva pnémonive neden olan

T3: Herhangi bityiiklikte olan tiimériin gégiis duvar: diafragma, mediastinal plevra.
perikard gibi yapilara invaze olmasi. ana brons icinde karinaya 2 cm dan vakin
verlesmesa, tiim akciZen kaplayvan atelektazi veyva pnomomye neden olmasi

T4: Herhangi buyiklukte olan timériin mediasten vag dokusu, kalp. buyik damarlar,
trakea 6zofagus. vertebral kolon, karina gib1 vapilan tutmas:, malign plevral veya
pertkardial sivi bulunmas:, timér 1le aym lob iginde satelit nodiil bulunmas:

BOLGESEL LENF BEZI (N)

NO: Balgesel lenf bezi vok

N1 Ipsilateral peribronsial ve/veya hiler lenf bezi metastaz: (akeciger 1ci lenf bezi)
N2 Ipsilateral mediastinal lenf bezi metastazs (Subkarinal dahil)

N3: Kontrlateral mediastinal veya supraklavikiiler lenf bezi metastaz:

UZAK METASTAZ (M)
M0: Uzak metastaz yok
M1: Uzak metastaz var

Tablo 2.2. Akciger kanserlerinin TNM siniflama sistemine gore evrelendirilmesi.

EVREE O: Karsinoma 1 situ  (Tis NO MO)
EVRE IA: Tl N0 MO
EVRE IB : T2 NO MO
EVRE TIA: T1 N1 MO
EVRE IIB: T2 N1 MO
T3 N0 MO
EVRE IITA: T3 N1 MO
T1-2-3 N2 MO
EVRE IIIB: T4 N MO
T N3 MO
EVRE IV: T N M1



2.3 Akciger Kanserlerinin Histolojik Alt Tipleri

Akciger kanserinin birbirinden farkli histolojik alt tipleri bulunmaktadir. Akciger
kanserlerinin % 20-25’1 kii¢iik hiicreli (SCLC) histolojik alt tipine ait olup, % 70-75’1
ise kiiciik hiicreli olmayan akciger kanserleri grubu (NSCLC) altinda
degerlendirilmektedir. Kiiciik hiicreli olmayan akciger kanserlerinin % 25-30’unu
yasst hiicreli karsinom, % 30-35’ini adenokarsinom, % 10-15’ini ise biiyiik hiicreli
karsinom olusturmaktadir. Bu yaygin olarak goriilen ana histopatolojik alt tiplere
ilaveten bu gruplara ait 6zellikleri kombine olarak tasiyan tiimorler ve diger nadir
akciger kanseri histolojik alt tipleri de bulunmaktadir (4). NSCLC histolojik alt
tiplerinin mikroskobik goriinimii Sekil 2.1°de verilmistir.
Kiiciik hiicreli akciger karsinomlari: Erkeklerde kadinlardan daha sik olarak
gozlenen bir akciger kanseri tipidir. Sigara tiiketimi bu kanserlerin ortaya ¢ikmasinda
cok onemli rol oynamaktadir. Merkezi bolgelerde lokalize olup erken donemde lenf
nodu metastazlar1 yaparlar. Bu kanserler, kiiciik, oval yada yuvarlak sekilli, az
miktarda stoplazmaya ve hiperkromatik niikleusa sahip mitoz orani yliksek olan
hiicrelerden olusurlar. Genis alanlara infiltrasyon yapma 6zellikleri nedeniyle nadiren
cerrahi operasyonla uzaklastirilabilecek durumda yakalanabilirler.
Yass1 epitel hiicreli karsinom: Genellikle biiyilk bronslarin merkezinde ortaya
cikan yassi hiicreli karsinomda erkeklerde kadinlardan daha sik gozlenir. Sigara
tilkketimi, yass1 hiicreli karsinom gelisiminde ¢ok 6nemli bir faktordiir. Bolgesel lenf
nodlarma yayilimi kolay olmasina ragmen gogilis boslugu disina yayilimi diger
akciger kanseri tiplerine gore daha ge¢ gerceklesir. Bu histolojik alt gruba ait tiimor
kisa siirede brong liimenini kapatarak atelektazi ve enfeksiyonlara neden olur. Bu tip
timorler metastaz yapmadan Once bronslar1 kapatmak yoluyla semptomlar
verdiklerinden tani aninda cerrahi olarak uzaklastirilabilir durumdadirlar ve diger
timor tiplerine gore nisbeten 1yi prognoza sahiptirler.
Adenokarsinom: Erkek ve kadinlarda goriilme siklig1 hemen hemen esit olup, sigara
tiketimi ile iligkisi, yass1 hiicreli karsinoma gore daha azdir. Yassi hiicreli
karsinomlar gibi merkezi bolgelerde goriilebilmelerine ragmen, ¢ogunlukla akcigerin
periferal bolgelerinde olusurlar. Genellikle musin salgilayan kiiboidal veya silindirik
sekilli neoplastik hiicreler igerirler. Yavas biiyiime 6zelligine sahip olan ve daha
kiiciik kitleler yapan bu tiimoérler diger histolojik tiplere gore daha erken evrede
metastaz yaparlar.
Biiyiik hiicreli karsinom: Kadinlarda ve erkeklerde goriilme sikligt hemen hemen
ayni olup olgularin % 40’1 sigara kullanimu ile iliskilendirilmektedir. Bu tiimdrler
genellikle periferal yerlesimli olup genis kitleler olustururlar, erken déonemde uzak
bolgelere metastaz yapma yetenegine sahip olmalarindan dolayr koti
prognozludurlar. Vezikiiler niikleusa sahip anaplastik ve hiicresel farklilagma
Ozelligine sahip olmayan hiicreler igerirler. Tan1 sirasinda olgularin % 25’inde beyin
metastazi bulunmaktadir (2,4).
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Sekil 2.1. Akciger kanseri histolojik alt tiplerinin Hematoksilen-Eozin ile boyama goriiniimleri (86).

2.4 Akciger Kanseri Gelisiminde Etkili Faktorler
2.4.1 Akciger Kanseri ve Cevresel Ajanlar

1950 yilindan gilniimiize kadar yapilan epidemiyolojik ¢aligmalar sigara
kullantminin akciger kanseri gelisimindeki roliinii ortaya koymustur. 20. Yiizyilin
basinda akciger kanseri nadir bir hastalik olarak bilinmesine ragmen yeni etiyolojik
ajanlarla muamelenin artmast ve Omiir uzunlugunun artis1 akciger kanserini daha
yaygin hale getirmistir. Gelismis toplumlarda akciger kanseri histolojik
karakteristikleri de son yillarda degisiklik gdstermistir. 1970°1i yillardan dnce yassi
epitel hiicreli karsinom yayginken bu yillardan sonra adenokarsinom daha yaygin
hale gelmistir. Bu degisimin sigara kullanim davranisindaki degisimler ve sigara
icerigindeki degisikliler ile iliskili oldugu diisiiniilmektedir. 1930’lardan itibaren
akciger kanseri erkekler arasinda daha yaygin goriilmeye baslamistir. Ancak kadinlar
arasinda akciger kanseri goriilme sikliginin artmasi 1960 yilindan sonraki donemde
gozlenmistir. Akciger kanserinin cografik dagilimina bakildiginda kuzey Amerika ve
Avrupa gibi gelismis toplumlarda daha yaygin olarak gozlenirken giiney Amerika ve
Afrika gibi gelismekte olan toplumlarda daha nadir gozlenmektedir. Yiizyillardir
diinyanin pek ¢ok bdlgesinde tiitiin yaygin olarak kullanilmasina ragmen akciger
kanserinin giliniimiizdeki yayginlasmasi ilave maddeler igeren ticari sigaralarin
kullanima girmesinin ardindan gergeklesmistir (5).

Sigara igerisinde 4000 den fazla kimyasal materyal bulunmaktadir. Ve bunlarin
yaklagik olarak 200 tanesi karsinojenik 6zelliklere sahiptir. Sigara igen ve igmeyen
kisiler arasinda yapilan hasta-kontrol ¢alismalar: sigara kullaniminin akciger kanseri
gelistirme riski ile iliski oldugunu gostermistir. Pasif igicilik olarak bilinen sigara
icmeyen bireylerin dolayli olarak sigara dumanina maruz kalmasmin da akciger
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kanserine neden oldugu gosterilmistir. Pasif iciciligin akciger kanseri riskini artirdig
ilk kez 1981 yilinda yaymlanmis olan sigara igen erkeklerle evli ve sigara
kullanmayan kadimnlar {izerine yapilan ¢aligmalar sonucunda belirlenmistir (5).
Kanser genetigi alanindaki bilgilerimizin artmasi 6zel ajanlarla muamele ve spesifik
genlerde meydana gelen degisimler arasinda daha net bilgiler edinmemizi
saglamigtir. Sigara iceriginde bulunan Benzo(a)pyren diol epoksitler ve diger
polisiklik aromatik hidrokarbon diol epoksitler, DNA’da meydana gelen
mutasyonlarin en énemli sorumlularidir (6).

Giliniimiizde sigara kullaniminin akciger kanserlerinin %90’indan sorumlu
oldugu kabul edilmektedir. Sigara igenler sigara igmeyenlerden 20 kat daha fazla
akciger kanseri riskine sahiptirler. Akciger kanseri gelistirme riski sigara kullanim
stiresinin uzunlugu ile ve bir giin icerisinde tiiketilen sigara sayisi ile de koreledir.
Sigarayr birakmanin akciger kanseri riskini azalttigi belirlenmistir. Sigara
kullanimin1 biraktiktan 12 yi1l sonra bu bireylerin akciger kanseri gelistirme riski
sigara kullanmayanlarla esit hale gelebilmektedir. Ancak giinde 20 sigaradan fazla
igen agir igici bireyler sigara kullanimini biraksalar bile akciger kanseri gelistirme
riskleri asla sigara kullanmayanlarin seviyesine diismez (2,5).

Yapilan calismalar sigara icen bireylerde belirli gen bolgelerinde heterozigosite
kaybt (LOH) goriilme sikliginin sigara igmeyen bireylere gore oldukga yiiksek
oldugunu gostermektedir. Bu tip sigara i¢imine baglh genetik degisimlerin
birikiminin  karsinojenezise neden oldugu disiiniilmektedir. K-ras geni
mutasyonlarinin sigara kullanimi ile iligkili oldugu yapilan calismalarla defalarca
gosterilmistir (6). Ayrica p53 genindeki mutasyonlar, sigara kullananlarda
kullanmayanlardan daha yiiksek oranda goriilmektedir (6).

Akciger kanserlerinin %9-15’inden ise diger ¢evresel karsinojenler sorumludur.
Populasyon temelli hasta kontrol caligmalar1 gemi insa endiistrisinde ¢alisan
insanlarin akciger kanseri gelisimi i¢in yiiksek riske sahip olduklarmni gdstermistir. is
yerinde asbest tozuna maruz kalan is¢ilerin ilk maruziyetden 30-35 yil sonra diger
insanlardan 10 kat daha fazla akciger kanseri gelisimi riskine sahip oldugu
belirlenmistir. Sigara kullanimi ve asbest maruziyeti birlikteligi sinerjistik etki
gostermektedir. Ayrica yiiksek derecede iyonize radyasyona maruz kalmis bireylerde
akciger kanseri goriilme sikliginin artmis oldugu belirlenmistir. Madenlerde ¢alisan
ve yiiksek miktarda radon gazina maruz kalan is¢ilerin akciger kanseri riskinin arttigi
gozlenmistir. Radon maruziyeti ve sigara kullanimi da sinerjistik olarak etki
gostermektedir. Ag¢ik mekanlardaki hava kirliligi ise sadece %1 ’inden sorumlu
tutulmaktadir. Fosil yakitlarin yakilmasi sonucu olusan polisiklik aromatik
hidrokarbonlar, nikel ve kromium nedeniyle olusan atmosferik hava kirliligininde
akciger kanseri gelisiminde rolii oldugu diisiiniilmektedir (2,5).

2.4.2 Akciger Kanseri Gelisiminde Etkili Endojen Faktorler

Bugiine kadar akciger kanseri gelisiminde yatkinliga neden olan herhangi bir
spesifik genetik lokus tanimlanabilmis degildir. Ancak giderek artan bilgiler, akciger
kanseri gelistirme riskinin belirlenmesinde genetik yatkinligin 6nemli rol oynadigim
gostermektedir. Ornegin ailesinde akciger kanserli bir birey olan kisilerin akciger
kanserine yakalanma riski diger insanlardan iki kat daha fazladir. 17p kromozom
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bolgesinde bulunan p53 genindeki mutasyonlar ile ortaya c¢ikan Li-Fraumeni
sendromunda akciger kanseri siklikla gozlenmektedir. Li-Fraumeni sendromunda
sigara kullanmayan 45 yasindan gen¢ bireylerde bile akciger kanseri ortaya
cikabilmektedir. Ayrica deneysel calismalarla p53 eksprese etmeyen yada mutant
p53 proteini tasiyan farelerin akciger kanseri gelistirdigi belirlenmistir. Bu bulgular
akciger kanseri gelisiminde p53 geninin énemli role sahip oldugunu gdstermektedir.
Buna ilaveten tiimor silipresér geni olan retinoblastoma’nin (RB1) inaktive edici
mutasyonlart sonucunda ¢ift tarafli retinoblastoma gozlenen hastalarin RB1
mutasyonu tasiyicisi olan yakinlarinda akciger kanserinin siklikla goriildigi
bilinmektedir (7).

Sigara kullanan bireylerin bir kisminda kanser gelisirken bir diger kisminda
gelismemesi bireyler arasindaki genetik farkliliklarin kansere yatkinlikta rolii
oldugunu diisiindiirmiistiir. Sigara i¢inde yer alan karsinojenik ajanlar sitokrom p450
sisteminde bulunan faz 1 enzimleri tarafindan metabolik aktivasyona ugratilarak ve
boylece DNA’ya baglanarak genetik hasarlar olusturan reaktif ara iriinler
olustururlar. Bu sistemde gorev alan Cytochrome P450, Subfamily 1A, Polipeptid 1
(CYP1A1) ve Cytochrome P450, Subfamily 2D, Polipeptid 6 (CYP2D6) enzimlerini,
Faz Il enzimi olan Glutatyon S-Transferaz (GST) enzimini ve DNA tamir
mekanizmasinda gorev yapan X-Ray Repair, Complementing Defective, in Chinese
Hamster, 1(XRCC1) proteinlerini kodlayan genlerde belirlenen polimorfizmlerin
akciger kanser riski ile iliski oldugunu gosteren calismalar bulunmaktadir (5).

2.5 Akciger Kanserlerinde Cok Basamaklh Karsinojenez

En son yaymlanmis olan Diinya Saglk Orgiiti (WHO) akciger kanseri
siniflamasi, kiictik hiicreli karsinom, yassi epitel hiicreli karsinom, adenokarsinom
(bronkoalveolar karsinom) ve biliyiik hiicreli akciger kanserlerine ilaveten invaziv
akciger kanserlerinin gelisimine neden olan {i¢ tip kanser Onciili lezyon
tanimlamaktadir. Bunlar; squamds displazi, atipik adenomatoz hiperplazi (AAH) ve
difiiz idiopatik pulmoner néroendokrin hiicre hiperplazisi olarak tanimlanmistir (8).
Ayrica, 2003 yilinda Ullman ve arkadagslari adenokarsinomun preneoplastik lezyonu
olarak brongiyal kolumnar hiicre displazisi (BCCD)’nin histolojik ve sitolojik
ozelliklerini tanimlamislardir. Bu dokulardan aldiklari genetik materyal iizerinde
yaptiklar1 caligmalar sonucunda BCCD ve adenokarsinomun erken evrelerinde
gozlenen genetik degisimlerin biiyiik 6lciide ortiistiiglinii belirlemiglerdir (9). AAH,
adenokarsinom ve bronkoalveolar karsinomun (BAC) onciilii olan lezyonlar olarak
tanimlanmaktadir. Akciger adenokarsinomu nedeniyle opere edilen hastalarin %
40’indan fazlasinda AAH o6zelliklerine sahip alanlar gozlendigi bildirilmektedir.
Akciger kanserine neden olan prekanserdz lezyonlarda, malign transformasyona
neden olan ¢esitli genlerin ekspresyonunda ve kromozomlarin yapisinda degisimler
gozlenmektedir (8). Yamasaki ve arkadaslart AAH ve BAC’in oOrtiisen genetik
degisimlere sahip olduklarini ve ayrica kanser Onciilii lezyonlardan kanserlesme
asamasina ge¢is sirasinda genetik degisimlerin birikmesi yoluyla ¢ok asamali bir
karsinojenezisin meydana geldigini gostermislerdir (10). Bu bulgular ¢ok iyi bir
bicimde tanimlanmis olan kolon kanserlerinde oldugu gibi akciger kanserlerinin de
cok basamakli karsinojenez yolunu izledigini géstermektedir.



2.6 Kiiciik Hiicreli Akciger Kanserlerinde (SCLC) Gozlenen Genetik Degisimler
Kiigtik hiicreli akciger kanseri dokularinda yapilmis olan ¢alismalar olgularin

% 90’inda 3p, 4p, 5q, 16q, 13q, 17p ve 3p kromozom bdlgelerinde kayiplarin
bulundugunu gostermistir. Kiiclik hiicreli akciger kanserlerinin % 85’inde gastrin
releasing peptid neuromedin B ve bunlarin reseptorii olan bombesin reseptoriiniin 3
alt tipinden en az biri eksprese edilmektedir. Bu peptidlerin salinimi ve
reseptorlerine baglanmasi otokrin bir biiyiime halkasi olugsmasina neden olmaktadir.
Ayni bigimde SCLC olgularin yaklasik olarak % 70’inde c-kit reseptoriiniin asir1
ekspresyonu goriilmektedir. Bu reseptore baglanarak onu aktive eden ligand da yine
SCLC tiimor hiicreleri tarafindan sentezlenmektedir. Ayrica SCLC olgularinin

% 10’unda c-kit geninde mutasyona rastlanmaktadir. SCLC tiimér dokularinda
gozlenen bir diger degisim, olgularin %10-35’inde gozlenen C-myc geni asiri
ekspresyonu olup bu asir1 ekspresyonun gen amplifikasyonu sonucunda meydana
geldigi bilinmektedir. SCLC’de siklikla gozlenen diger degisimler ise p53 ve RB1
mutasyonlar1 ile PTEN lokusundaki heterozigosite kayiplaridir (11).

2.7 Kii¢iik Hiicreli Olmayan Akciger Kanserlerinde Goézlenen Genetik Degisimler
Kiigiik hiicreli olmayan akciger kanseri klinik olarak fark edilir hale geldiginde
pek c¢ok gende degisimler barindirmaktadir. Akciger kanserlerinde son yapilan
caligmalar timor bagmna en az 20°den fazla genetik ve epigenetik degisim
gozlendigini gostermektedir. Bunlar; DNA dizi degisimleri, gen kopya sayisi
degisimleri ve promotor metilasyonunun degisimi seklinde olabilmektedirler.

2.7.1 Kopya Sayis1 Degisimleri ve Heterozigosite Kayiplari

NSCLC’de yapilan sitogenetik incelemeler pek cok farkli klonal karyotipik
degisimin varligimi gostermistir. NSCLC’de yapilan arastirmalar 3p, 6q, 8p, 9p, 9q,
13q, 17p, 18q, 19p, 21q ve 22q kromozomal bdlgelerinin artislar ile, 1p, 1q, 3q,5p,
Tp, 7q, 11q ve 12q kromozomal boélgelerin kayiplarmin bu kanser tipinde yaygin
bicimde varligim1 gostermistir. Diger solid tiimorlerde oldugu gibi akciger
kanserlerinde de heterozigosite kaybi yaygin olarak goriilen bir genetik degisimdir.
NSCLC’de 3p’de heterozigosite kayiplar1 hastalarin %50’sinde gozlenmekte olup
hastaligin erken evrelerinde ortaya ¢ikmaktadir. 3p25-26, 3p24, 3p21.3 ve 3p14.2 ve
3pl2 gibi farkli delesyon bdlgelerinin bulunmasi 3 numarali kromozomun kisa
kolunda birden fazla tiimor siipresér gen bulundugunu goéstermektedir. 3 nolu
kromozomun bu bolgesinde beta retinoik asit reseptdr geni, protein-tirozin fosfataz
gama, semaphorin IV ve A(V) genleri, von Hippel-Lindau tiimor siipresor geni,
Frajil Histidin Triad (FHIT), Ras Association Domain Family Protein 1 (RASSF1A)
gibi akciger kanseri gelisiminde rol oynadig: diisliniilen aday genler tanimlanmuistir.
(7,12). Akciger kanserlerinin NSCLC tipinde % 50 siklikla gozlenen diger bir
heterozigosite kayb1 ise 17p13.1 kromozomal bolgesindedir. NSCLC tanili olgularin
yaklasik olarak %15’inde ise RB1 genini igeren 13q14 kromozomal bdlgesinde LOH
gozlenmektedir. Yapilan arastirmalar sonucunda, 3p, 9p ve 17p kromozom
bolgelerinde heterozigosite kayiplarinin NSCLC’1n erken evrelerinde ve prekanserdz
lezyonlarda da belirlenmis olmasi bu genetik degisimlerin ¢ok basamakli
karsinojenezin erken basamaklarinda meydana geldigini gostermektedir (7).



2.7.2 Timor Siipresor Gen Degisimleri
2.7.2.1 P53 gen degisimleri

17p13.1 kromozom bolgesinde lokalize olan p53 geninden sentezlenen p53
proteini DNA tamiri, apoptozis, ve hiicre dongiisii kontrol noktalarinda ise karigan
cesitli proteinlerin ekspresyonunu kontrol eden niiklear bir transkripsiyon faktoriidiir
(12). Normal p53 proteini DNA hasarina sahip hiicrelerde, p21 proteinini aktive
ederek Rb’nin defosforilasyonuna neden olmakta ve hiicre dongiisiiniin G1-S kontrol
noktasinda durdurulmasini ve hasarin tamir edilemedigi durumda hiicrenin apoptoza
gitmesini saglamaktadir. Akciger kanserlerinde en iyi tanimlanmis olan timor
stipresor gen degisimi P53 mutasyonlart olup %50-70’inde belirlenebilmektedir.
Mutant p53 proteini p21 proteinini aktive etme yetenegini kaybettigi i¢in hiicrelerin
G1-S kontrol noktasinda durdurulmas: islevini yerine getirememektedir. Mutant p53
proteininin hiicre i¢indeki yikim siiresi normal p53 proteinlerinden daha uzun oldugu
icin timor hiicrelerinde birikim yapmaktadir (13). Kiiciik hiicreli olmayan akciger
kanserlerinde belirlenmis olan p53 geni mutasyonlarinin ¢ok biiylik bir kism1 genin
p53 proteininin DNA baglama altbirimini kodlayan 4. ve 10. ekzonlar1 arasinda kalan
kodlayici bolgeler ve ekzon intron smirlarinda meydana gelmektedir. Bu
mutasyonlarin  ¢ogu transisyon, transversiyon ve delesyon/insersiyon tipi
mutasyonlar olup 6zellikle genin 157. kodonu akciger kanseri i¢in mutasyonel bir
hotspot bolgedir. Sigara icen ve igmeyen bireyler arasinda p53 mutasyonlarinin
sikligr karsilastirildiginda, sigara igen NSCLC tanili hastalarda p53 geni
mutasyonlarinin, sigara igmeyen hastalara gore daha sik gézlendigi belirlenmistir. En
yaygin olarak gdzlenen mutasyonlar transversiyon tipi nokta mutasyonlar olup,
sigaranin igerisinde bulunan kimyasal molekiillerden kaynaklanan DNA adduct’lar1
sonucunda olugmaktadir. P53 mutasyonlarinin premalignant lezyonlarda da
saptanmis olmasi bu genetik degisimlerin akciger karsinojenezisinin erken
basamaklarinda meydana geldigini gostermektedir (12,14).

2.7.2.2 RB1 geni degisimleri

13q14.3 kromozom bdlgesinde bulunan RB1 geni, Gl tipi siklinler ve siklin
bagimh kinazlar (CDK) ile etkilesimi ile hiicrelerin hiicre dongiisiine girmelerini
kontrol eden niiklear bir siklin dependent kinaz inhibitdriinii olan RB1 proteinini
kodlamaktadir. RB1 proteini defosforile oldugunda E2F transkripsiyon faktoriine
baglanarak G1/S gecisini baskilar. RB1’nin siklin E/CDK2 kompleksi tarafindan
fosforilasyonu E2F’in salinimin1 ve aktivasyonunu saglar. E2F aktive oldugunda
hiicrenin S fazina ge¢cmesini saglayan genlerin ekspresyonu baslatilir. Bu genin
homozigot delesyonlari, transkripsiyon baglama bolgesinin anormal metilasyonu ile
transkripsiyonel olarak sessizlestirilmesi ve RB1 geninde nokta mutasyonlari
NSCLC’de yaygin olarak gozlenen degisimlerdir. Bu degisimler akciger kanserinin
erken evrelerinde ortaya ¢ikan degisimlerdir (15).

2.7.2.3 P16 Gen degisimleri

NSCLC’de siklikla p16/Rb yolaginda gorev yapan proteinlerin regiilasyonunun
bozuldugi belirlenmistir. Rb yolaginda gorev alan 6nemli bir tiimor silipresor olan
pl6 proteini, 9p21 kromozom bdlgesinde lokalize olan CDKN2a/p16 (INK4a) geni
tarfindan sentezlenmektedir. NSCLC’li hastalarda yapilan incelemeler genin
promotor bolgesindeki ve 1. ekzonunda bulunan CpG adaciklarinin metilasyonu ya
da INK4a lokusunun homozigot delesyonuna bagli olarak tiimér dokularinda p16
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proteini ekspresyon kaybinin bu tiimdr tipinde yaygin bir degisim oldugunu
gostermistir (16).

2.7.2.4 Phosphatase and tensin homologue deleted on chromosome 10 (PTEN)
Geni Degisimleri

PTEN proteini, hiicrelerin canlilifinin devam etmesini saglayan Fosfotidil
Inozitol 3 Kinaz (PI3K)/Akt yolagimmin negatif regiilatérii olarak gorev yapan bir
proteindir. Bu proteini kodlayan gen 10q23 kromozom bdlgesinde lokalizedir.
Substratlarindaki tirozin ve serin/treonin amino asitlerini defosforile eden PTEN
proteininin en 6nemli substratt PI3K’1n {irlinii olan Fosfotidil Inozitol 3 Fosfatazdir
(PIP-3). Akciger kanserleri dahil olmak tizere pek ¢ok kanser tiiriinde PTEN geni
degisimlerinin varlig1 gosterilmistir. Yapilan ¢alismalar PTEN protein ekspresyonu
kaybimnin sitoplazmada PIP-3 konsantrasyonuna ve buna baglh olarak Akt
aktivitesinin artmasina neden oldugunu gostermistir. PTEN ekspresyon kaybi
sonucunda Akt yolaginin siirekli aktif olarak ¢aligmasi hiicrelerin canli kalmasina ve
kontrolsiiz ¢ogalmasina neden olmaktadir. Timdr hiicrelerinde gozlenen PTEN
ekspresyon kaybinin delesyon, heterozigozite kaybi ve promotor metilasyonu gibi
farkli mekanizmalar ile saglanabildigi gosterilmistir. Kiiglik hiicreli olmayan akciger
kanseri dokularinda PTEN protein ekspresyonunun immiinohistokimyasal yontemler
ile incelenmesi sonucunda olgularin % 24-46’sinda PTEN protein ekspresyonunda
azalma belirlenmistir. PTEN ekspresyonuna bagli olarak kiigiik hiicreli olmayan
akciger kanseri hastalarimin 5 yillik sagkalim degerleri incelendiginde PTEN
ekspresyonunda azalma goriilen olgularin sagkalim siirelerinin de kisaldig
belirlenmistir. Gen ekspresyonunda azalma olmaksizin nadiren de olsa kiiciik hiicreli
olmayan akciger kanseri olgularinda PTEN geni mutasyonlarinin da gozlenebildigi
bildirilmistir (17-19).

2.7.3 Onkogenlerde Meydana Gelen Degisimler
2.7.3.1 K-ras Geni Mutasyonlari

Kiiciik hiicreli olmayan akciger kanserlerinin %18-30’unda 12p11.2 kromozom
bolgesinde lokalize olan K-ras geninin mutasyona ugradig: belirlenmistir. 12, 13 ve
61. kodonda meydana gelen bu mutasyonlar 6zellikle adenokarsinom alt tipinde
diger tiplere gore daha sik olarak gozlenmektedir. Kiiciik hiicreli dis1 akciger
kanserlerinde en sik goriilen K-ras gen mutasyonu 1. ekzonun 12. kodonunda
meydana gelen GGT,Gly-GTT,Val mutasyonudur. Yapilan ¢aligmalar K-ras kodon
12 mutasyonlarinin genellikle sigara icerisinde bulunan nitrozaminler ve polisiklik
hidrokarbonlar tarafindan olusturuldugunu gostermistir. Mutant K-ras geni stirekli
olarak aktif durumda bulunan ras proteinlerini kodlayarak hiicrelerin ¢ogalmasini
saglayan hiicresel yolaklarin aktive edilmesine neden olmaktadir. K-ras geni
mutasyonlar1 ve hastalarin sagkalim siireleri acisindan olgular degerlendirildiklerinde
yabanil tip K-ras genine sahip olgularin sagkalim siirelerinin mutant K-ras genine
sahip olgulara gore daha uzun oldugu gosterilmistir (13,20-22).

2.7.3.2 Myc gen degisimleri

Myc proto-onkogen ailesi, basic helix loop helix leucine-zipper sinifina ait
niiklear transkripsiyon faktorlerini kodlamaktadirlar. Bu transkripsiyon faktorleri,
hiicre dongiisii kontrolii, RNA metabolizmasi, ve DNA sentezinde ise karigan
genlerin direk aktivasyonu yoluyla hiicre biiyiimesini kontrol etmektedirler. Bu gen
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ailesi c-myc, N-myc ve L-myc genlerini icermektedir. Bu genlerden 8q24 kromozom
bolgesinde lokalize olan c-myc geninin kiigiik hiicreli olmayan akciger kanserlerinin
yaklasik olarak %10’unda asir1 eksprese edildigi ve bu ekspresyon artisinin gen
amplifikasyonu yoluyla gergeklestirildigi gosterilmistir. Kiigiik hiicreli olmayan
akciger kanseri olgularinda gézlenen c-myc gen ekspresyon artiginin klinik 6nemine
dair herhangi bir veri bulunmamaktadir (12,13).

Akciger kanseri dokularinda yapilan incelemeler biiylime faktorlerinin hiicre
ylizeyinde bulunan reseptorlerine baglanmasi sonucunda aktive olan hiicresel
yolaklarin bu kanser tiplerinin ortaya ¢ikmasinda 6nemli bir role sahip oldugunu
gostermistir. Bu sinyal yolaklarinin en 6nemlisi Epidermal Growth Faktor Reseptor
(EGFR) sinyal iletim yolagidir.

2.8 EGFR Sinyal iletim Yolag

EGEFR proteini, 7p12 kromozom boélgesinde bulunan ve 28 ekzon igeren EGFR
geni tarafindan sentezlenen 1186 amino asitten olusan 170 kDa biiylikliigiinde
transmembran bir glikoproteindir. Ligandlarin taninmasi ve baglanmasini saglayan
bir ekstraseliiler altbirim, hidrofobik 0Ozellige sahip membran iginde diger
reseptorlerle iliskileri saglayan bir transmembran alt birim ve EGFR geninin 18. ile
24. ekzonlarinca kodlanan protein tirozin kinaz aktivitesine sahip bir intraseliiler
altbirimden olusmaktadir (23). EGFR proteininin bolgeleri Sekil 2.2°de goriilebilir.
EGFR siiper ailesi 4 farkli, birbiri ile iliskili transmembran reseptdrden olusmaktadir.
Bu reseptorler EGFR/erbB1, HER2/erbB2, HER3/erbB3, ve HER4/erbB4’diir. Bu
reseptorler 6zellikle ekstraseliiler ve transmembran alt birimlerinde yapisal olarak
yiiksek oranda homoloji gotermektedirler (24).

Tiwrozin kinaz bélges:

Ligand Ligand
baglama bialges baglama bélgesi
EGFR 17 18-24 25-28
ekzonlan i : i s
2 s 7) 13
Transmembran boélges Otofosforilasyon bialgesi

Sekil 2.2. EGFR ckzonlar1 ve kodladig1 protein bolgeleri.
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EGEFR proteini epitelyal hiicrelerin yiizeyinde eksprese edilmekte olup pankreas,
mesane, prostat, ovaryum, glioma, meme, akciger, renal, bas ve boyun kanserleri ve
kolorektal kanserler gibi pek cok solid tiimorde asir1 ekspresyonu gozlenmektedir
(25). EGFR sinyal iletim yolag, akciger kanserinin gelismesinde ise karisan hiicresel
yolaklarin en onemlilerinden birisidir. EGFR’1 aktive ettigi bilinen ligandlar; EGF,
TGF-Alfa, heparin binding EGF-like biiylime faktorii, amphiregiilin, betacellulin ve
epiregiilin’dir. Ligandin reseptore baglanmasi reseptoriin dimerizasyon bodlgesinin
aciga cikmasi ile sonuglanan bir konformasyonel degisime neden olmaktadir.
Dimerizasyon domaininin agiga ¢ikmasi sonucunda EGFR proteinleri birbirleri ile
homodimerizasyona ya da diger reseptorler ile heterodimerizasyona ugramaktadir
(26). EGFR proteini tercthen meme kanserilerinde prognostik bir belirte¢ olarak
kullanilmakta olan Her2 proteini ile dimerizasyon yapmaktadir (27). Dimerizasyon,
sitoplazmik altbirimde yer alan 6zgiil tirozin amino asitlerinin otofosforilasyonunu
saglayan Tirozin kinaz (TK) altbirimini aktive etmektedir. Bu fosforillenmis tirozin
amino asitleri, gen transkripsiyonunu kontrol eden hiicresel yolaklar1 aktive eden
adaptor proteinlerin baglanmasi i¢in baglanma noktalar1 olarak gérev yapmaktadir

(28).

EGFR araciligr ile aktive olan 3 hiicresel yolak tanimlanmistir, bu yolaklar;
Ras/Raf/Mitogen activated protein (MAP) kinaz, Jak2/STAT3 ve PI3K/Akt
yolaklaridir (Sekil 2.3). Bu yolaklarin aktivasyonu hiicre proliferasyonu, timor
invazyonu, metastaz, antiapoptotik sinyal iletimi, kemoterapiye direng, anjiyogenez
ve hiicre hiicre baglantilarinin  kurulmasi ile iligkili hiicresel aktiviteleri
tetiklemektedir (26).

2.8.1 Ras/RAF/MAPK Yolagi

EGFR transotofosforilasyonu, V-Src avian sarkoma viral onkogen (src2),
biiylime faktorii reseptoriine bagli protein 2 (Grb2), SH3 ve Son of Sevenless (SOS)
gibi sinyal transdiiksiyon molekiillerinin bu reseptér ile kompleks kurmasini
saglamaktadir. Otofosforilasyonla aktive olan EGFR, Grb2 adaptdr proteininin SH2
domaine baglanir. Grb2 proteini ise, SH3 domaini araciligi ile SOS proteinine
baghdir. Dolayis1 ile EGFR aktivasyonu SOS proteininin plazma membranina
toplanmasin1 saglar. Membrana gocen SOS proteini, farnezilasyon ile plazma
membranina yonlendirilmis olan Ras proteini ile kompleks olusturmaktadir. Ras
proteininin aktivasyonu sonucunda serin treonin kinaz RAF, mitogen activated
protein kinase 1 ve 2 (MAPK), ERK 1lve 2 yolagmin aktive olmasina neden
olmaktadir. Bu yolagin aktive olmasi hiicrelerin hiicre dongiisliniin G1 fazindan S
fazina gegmesi i¢in gerekli olan siklin D1 ‘i de iceren pek ¢ok niiklear proteini aktive
etmektedir (29).

2.8.2 Signal Transduction and Activator of Transcription (STAT)Yolag:

EGFR proteini tarafindan aktive edilen ikinci sinyal yolagi STAT yolagidir.
STAT protein ailesi hiicre membraninda bulunan reseptorlerce olusturulan sinyalleri
hiicre ¢ekirdegine tasiyan ve DNA’ya baglanarak pek c¢ok genin ekspresyonunu
kontrol eden 7 protein igermektedir (STAT 1, 2, 3, 4, 5a, 5b ve 6). STAT proteinleri
tetramerizasyon domaini, coil-coil domaini, DNA baglama domaini, linker domain,
Src homoloji (SH)2 domaini, C terminal bolgede korunmus Tirozin amino asidi ve
C-terminalde transaktivasyon domininden olugmaktadir. Biiyiime faktorlerince
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uyaritlmamis olan hiicrelerde STAT proteinleri N-terminal uglarindan birbirine
baglanmis olan dimerler halinde sitoplazmada lokalizedirler. STAT proteinleri SH2
domainleri araciligiyla reseptor komplekslerindeki fosfotirozin  bdlgelerine
baglanarak bu boélgelerde toplanmaktadir. Hiicre ylizeyinde bulunan epidermal
growth faktor reseptoriiniin aktivasyonu STAT3 proteinini 705. pozisyonunda
bulunan tirozin amino asidinden fosforilleyen reseptor iliskili tirozin kinazlar1 aktive
etmektedir. Aktive olan STAT proteinleri dimerize olarak c¢ekirdege transfer
olmaktadir. Niikleusa trabsfer olan STAT proteinleri farkli genlerin promotdr
dizilerine baglanarak bu genlerin ekspresyonunu kontrol etmektedir. STAT3 apoptoz
inhibitdrleri (Bcl-XL, Mcl-1), hiicre dongiisiinii kontrol eden proteinler (Siklin D1, c-
Myc) ve anjiyogenez uyaricist olan VEGF proteinlerinin ekspresyonunu artirarak
onkogenezde rol oynamaktadir (30, 31).

2.8.3 Fosfotidil Inozitol 3- Kinaz (PI3-K)/Akt Yolagi

EGFR aracilig1 ile aktive edilen diger bir yolak ise PI3-K/Akt yolagidir. PI3K
bir katalitik alt birim (p110) ve bir adet adaptor/regiilator altbirimden (p85) olusan
heterodimerik bir proteindir. PI3-K aktivasyonu hem tirozin kinaz reseptor kinazlar
hem de sitoplazmik tirozin kinazlarla aktivasyon yoluyla gerceklestirilebilmektedir.
Aktive olan PI3-K, Fosfotidil Inozitol (4,5) Bifosfati (PIP2) inozitol halkasinin C3
pozisyonundan fosforile ederek Fosfotidil Inozitol (3,4,5) Trifosfata (PIP3)
dontistiirmektedir. Fosfataz ve tensin homolog (PTEN) sitoplazmada PIP3’iin
PIP2’ye doniistiiriilmesini saglayan bir protein olup PI3-K/Akt yolaginin
inhibisyonunu saglayan 6nemli bir proteindir. Serin/threonin kinaz olan Akt proteini
Plekstrin homoloji domainleri araciligr ile PIP3’e baglanmaktadir. 3’ fosfoinositid
bagimhi kinaz 1 (PDK1) tarafindan Ser473 ve Thr308 pozisyonlarindan
fosforilasyonu sonucunda Akt aktive olmaktadir. Aktive olan Akt, apoptozu
engelleyan pek cok substrati fosforile ederek aktivasyon gostermektedir. Akt
tarafindan proapoptotik Bcl2 ailesi {iyesi olan BAD proteininin Ser136
pozisyonundan fosforilasyonu, bu proteinin antiapoptotik Bcl2 ailesi {iiyesi
proteinlerle iliski kurmasini engelleyerek mitokondriden sitokrom ¢ salinimini ve
dolayisiyla apoptozu engellemektedir. Akt tarafindan kaspaz 9’un Ser196
pozisyonundan fosforilasyonu ise proteinin konformasyonel degisimine neden olarak
proteolitik aktivitesini engellemekte ve bdylece apoptozu baskilamaktadir. Forkhead
transkripsiyon faktorii 1 (FKHRLI1)’in Akt tarafindan fosforilasyonu, bu
transkripsiyon faktoriinii inaktif hale getirerek apoptozda rol oynayan Fas ligand,
Bim, IGFBP1 ve Puma gibi proteinlerin ekspresyonunu engellemektedir. Siklik
AMP-response-element-binding protein (CREB)’in Akt tarafindan fosforilasyonu,
Bcl2 ve Mcl-1 gibi antiapoptotik proteinlerin ekspresyonunun artmasina neden
olarak hiicrelerin apoptoza gitmesini engellemektedir. Ayrica p53 proteininin
degredasyonunu uyaran MDM2 proteininin Akt aracili fosforilasyonu, bu
proteinlerin niikleusa translokasyonunu ve p53e baglanmasini artirarak apoptozu
baskilamaktadir (32).

Aktive olan bu ii¢ yolak, bir yandan hiicre boliinmesi ve ¢ogalmasini saglayan
proteinlerin ekspresyonlarini artirarak hiicre canlilifini uyarirken, diger taraftan da
mitokondriden sitokrom c salinimini1 kontrol ederek apoptozda 6nemli rol oynayan
cesitli proteinlerin ekspresyonlarini etkilemektedirler.
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Sekil 2.3. EGFR sinyal iletim yolag1 (87).

2.9 Apoptoz Sinyalleri
2.9.1 Oliim Reseptorleri ile Olusturulan Apoptoz

Immiin sistem hiicreleri tarafindan sentezlenen ve Tiimor Nekrosis Factor
(TNF)’i de igeren ¢esitli ligandlarin hiicrelerin yiizeyinde eksprese edilen oliim
domaini igeren reseptorlerine baglanmasi hiicrelerin programlanmis hiicre Sliimiine
ugramasina neden olmaktadir (Sekil 2.4). Oliim domaini igeren reseptdrler
transmembran TNF reseptor siiperailesinin iiyeleri olup sitoplazmik bolgelerinde
6lim domaini bulunmasiyla karakterizedirler. Bu domain Fas ve TNF-R1de ve diger
aile tiyelerinde bulunmamaktadir. Bu reseptorler sinyal iletiminde bazi ortak yollar
kullansalarda tamamen 6zdes degildirler. Fas, TRAIL-R1 ve TRAIL-R2 reseptorleri,
Fas associated death domain (FADD) adaptor proteinleri ile iliski kurarken, TNF-R1
ve DR3 reseptorleri ise TNFR associated death domain (TRADD) adaptdr proteinleri
ile iligki kurmaktadir. Fas-Fas ligand baglantisindan sonra reseptoriin sitoplazmik
bolgesinde Fas’in Death Domainleri (DD)’leri ile FADD’nin DD’leri
baglanmaktadir. FADD’in C terminal bolgesinde bulunan death effector domainler
(DED) Kaspaz 8’de bulunan DED domainler ile iliski kurmasi nedeniyle FasL-Fas,
FADD ve kaspaz 8’i igeren ‘death inducing signaling complex’ ad1 verilen (DISC)
bir protein kompleksi olusmaktadir. Kaspaz 8 inaktif halde sentezlenmektedir. Bu
prokaspaz 8’in kirpilmasi ile aktif kaspaz 8 olugsmaktadir. Aktive olan kaspaz 8 ise
efektor prokaspazlar olan kaspaz-3,-6 ve -7’yi keserek aktive etmektedir. Efektor
kaspazlar ise hiicre i¢inde pek ¢ok substrati proteolitik olarak kesme yetenegine sahip
olup apoptozun belirteclerinden olan DNA fragmentasyonunu meydana
getirmektedir. TNF-R1 ile gergeklesen sinyal iletimi, Fas reseptoriiniin olusturdugu
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sinyalden farklilik gostermektedir. TNF-R1, TRADD proteinleri ile iliski
kurmaktadir. TRADD proteinleri FADD iizerinde bulunan DD’ler ile iliski kurarak
yukarida anlatildigi gibi kaspaz 8’in aktivasyonunu saglayabilmektedir. Ancak buna
ilaveten TRAF1, TRAF2 ve RIP proteinleri ile iliski kurarak antiapoptotik NFkB ve
JNK yolaklarini aktive edebilmektedir (33).

2.9.2 Mitokondri Bagimhi Apoptoz

Hiicre disindan gelen 6liim sinyalleri ile aktive olan kaspaz 8 enzimi mitokondri
membraninda bulunan Bid proteinini keserek tBid proteinine doniistiirmektedir. tBid
proteini mitokondri mebraninda Bak proteinlerinin oligomerize olmasini
indiiklemekte ve mitokodriden sitokrom ¢ salinnmimi  saglamaktadirlar.
Mitokondriden salinan sitokrom c, apoptotik proteaz aktive edici faktor (Apaf-1)’in
oligomerizasyonunu saglamaktadir. ATP varlifinda, Apaf-1’in iizerinde yer alan
kaspaz aktivasyon ve recruitment domain (CARD) araciligiyla, kaspaz-9 ile iliski
kurmasiyla apoptozom kompleksini olusturmaktadir. Apoptozom kompleksi ise yine
diger efektor kaspazlarin kesimi yoluyla apoptozu tetiklemektedir (33).

Sitotoksik Ajanlar
DNA Hasari

--— Kaspaz Substratlan

Sekil 2.4. Hiicresel apoptoz yolaklar1 (86).

2.9.2.1 Bcl-2 ailesi Uyeleri ve Apoptoz

Mitokondri membraninin gecirgenligi Bcl-2 ailesi proteinleri tarafindan siki bir
bicimde kontrol edilmektedir. Bcl-2 ailesi fonksiyonlar1 ve sahip olduklari Bcl-2
homoloji domainlerine bagli olarak ii¢ gruba ayrilmaktadir. Bax ve Bak proteinlerini
iceren proapoptotik efektorler; BH1, BH2 ve BH3 domainlerine ve mitokondri
membranina lokalizasyonu saglayan C terminal transmembran segmente sahiptirler.
Aktive olduklarinda mitokondri membraninda oligomerize olarak membran
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gecirgenligini artirmakta ve sitokrom c salinimina neden olmaktadirlar. Mcl-1, Bcl-
2, Bel-XL, Bcel-w ve A1’1 igeren prosurvival proteinler; Proapoptotik proteinler ile
benzer domainlere sahiptirler. Ancak diger proteinler N-terminal kisimda BH4
domainine sahipken, Mcl-1 proteininde bu domain bulunmamaktadir. Bim, Bid,
Puma, Noxa’y1 iceren sadece BH3 igeren proteinler; proapoptotik Bel-2 proteinlerini
aktive ederek yada prosurvival Bcl-2 proteinlerini inaktive ederek apoptozu
indiiklemektedirler (34).

1g21 kromozom bolgesinde lokalize olan Mcl-1 geni tarafindan sentezlenen
prosurvival Mcl-1 proteini, 350 amino asitten olugsmaktadir. Mcl-1 proteininin yapist
ilk kez 1993 yilinda tanimlanmigtir. C terminal hidrofobik transmembran domain,
sitozole bakan kisimda BH1, BH2 ve BH3 domainlerine sahiptir. Proteinin N-
terminalinde kisa Omiirlii proteinlerde bulunan 2 adet PEST dizisi (prolin, glutamik
asit, serin ve treonin amino asidince zengin) bulunmaktadir (Sekil 2.5).
Mitokondrinin dis membraninda lokalize olup mitokondriden sitokrom ¢ salinimini
engeller. Hiicre icinde Mcl-1 protein seviyesi transkripsiyonel, translasyonel ve
posttranslasyonel seviyede kontrol edilmektedir. EGF ve VEGF gibi biiyliime
faktorlerinin membrandaki reseptorlerine baglanarak bu reseptorleri aktive etmesi
hiicre i¢cinde Ras/Raf/MAPK, Jak/STAT, PI3K/Akt yolaklarin1 aktive etmektedir. Bu
yolaklar ise Mcl-1 mRNA’smin ekspresyonunun artmasina neden olmaktadir. Mcl-1
ekspresyonu, 3’ ifade edilmeyen bélgesine mir29 mikroRNA’simnin baglanmasi ve
ikinci ekzonun c¢ikarilmasina neden olan alternatif splicing mekanizmalar ile
posttarnskripsiyonel seviyede de kontrol edilmektedir. Alternatif splicing ile
olusturulan Mcl-1S/ATM izoformunda PEST ve BH3 domainleri bulunurken BH1 ve
2 transmembran domainleri bulunmamaktadir. Mcl-1S/ATM  izoformunun
ekspresyonu hiicrenin apoptoza girmesini indiiklemektedir. Mcl-1 proteininin
postranslasyonel kontrolii ubiquitin aracili protein yikim yolagt ile 26S
proteazomlarda degrede edilerek gergeklestirilmektedir. PEST domaini iginde yer
alan Aspl127 ve Aspl57 bolgelerinden Kaspaz 3 enzimi araciligr ile kesilmektedir.
Ancak bu kesimin proteinin fonksiyonu ve yikima ile iligkisi tam olarak aydinlatilmig
degildir (34, 35). Normal hiicrelerde Mcl-1, proapoptotik Bcl-2 ailesi liyelerine
baglanarak bu proteinleri inaktif durumda tutmaktadir (36). Hiicre igerisinde
proapoptotik tiyeler ile prosurvival Bcl-2 ailesi proteinlerinin birbirine orani hiicrenin
apoptoza gidip gitmeyecegine karar veren en dnemli faktorlerden birisidir. Kanser
hiicrelerinde bu denge ¢ogunlukla antiapoptotik yonde bozulmus durumdadir. Bunu
destekleyen bir ¢alismada da, cerrahi yolla elde edilen primer kii¢iik hiicreli olmayan
akciger kanseri dokularmin yaklasik olarak yarisinda, Mcl-1 proteininin agiri
eksprese oldugu gosterilmistir (37).
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Sekil 2.5. Mcl-1 geni, mRNA’s1 ve proteininin yapisi ( 35).

2.10 NSCLC’DE Konvensiyonel Tedavi

Akciger kanseri tedavisinde cerrahi tedavi ilk kez 1933 yilinda akciger kanserli
bir hastada yapilan ilk basarili pnemonektomi ile uygulanmaya baslanmistir.
Bolgesel lenf nodu metastazlarinin 6neminin anlagilmasi ile evrelendirmede nemli
olan cerrahi mediastinal lenf nodu orneklemesi uygulamasma gecilmistir. 1940’11
yillarda nitrogen mustard akciger kanseri tedavisinde kullanilan ilk kemoterapdtik
ajan olmustur. Megavoltaj linear akseleratorlerin bulunmasi ile 1950’1 yillarda
radyoterapi akciger kanseri tedavisinde uygulanmaya baslanmistir. Son 20 yildir
yapilan c¢aligmalarla, platinum temelli ikili kemoterapi uygulamalarinin hastalarin
sagkalim siirelerini uzattigi, ayrica, hastaligin semptomlarini hafiflettigi ve yasam
kalitesini artirdig1 gosterilmistir (38).

Biitiin bu teknolojik gelismelere ragmen akciger kanserli hastalarin 5 yillik
sagkalim ortalamasi % 15°dir (24). Bunun nedenlerinden birisi olarak hastaligin
genellikle ileri evrelerde tespit edilebilmesi gosterilmektedir. Giinlimiizde yeni tani
almis olan akciger kanserli olgularin % 75’1 bolgesel ya da uzak bolgelere metastaza
sahiptir. Ayrica akciger kanserlerinin daha erken evrelerde belirlenebilmesine olanak
saglayacak herhangi bir tarama programi bulunmamaktadir (39).

Tedavi agisindan NSCLC {i¢ ana gruba ayrilmaktadir. Bunlar, Erken evre
(cerrahi+adjuvan terapi), lokal ileri evre (kombine kemoterapi+radyoterapi) ve ileri
evre (sistemik terapi) kii¢iik hiicreli olmayan akciger kanseridir. Erken Evre akciger
kanserlerinin tedavisinde cisplatin temelli adjuvan kemoterapi, cerrahi tedavi
uygulanmis stage II ve III kiigiikk hiicreli olmayan akciger kanserlerinde tedavi
oranlarini arttirmak i¢in uygulanmaktadir. Akciger kanseri heterojen bir hastalik
oldugu i¢in hastalarin uygulanan terapiye cevapliliklart da farklilik gostermektedir.
Bu nedenle konvansiyonel evrelendirme ve morfolojik incelemeler ile terapiye
cevapliligin  ongoriilmesi miimkiin olmamaktadir (39). 1ileri Evre Akciger
Kanserinde, cisplatin ya da karboplatin’in gemsitabin, paclitaksel, doketaksel ya da
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vinoralbine gibi ti¢lincii nesil ajanlar ile kombine olarak kullanilmas: fit olan ileri
evre NSCLC hastalarinda standart terapi olmasina ragmen fit olmayan ve daha yash
hastalarda vinorelbine ya da gemcitabine ile tek ajan olarak tedavi yapilmaktadir
(24). Platinum tiirevleri DNA iplikleri arasinda capraz baglantilar olusturarak geri
dontisiimsiiz olarak DNA’da hasar meydana getirerek hiicrelerin proliferasyonunu
engellemektedir. Platinum terapisine direnglilik ilacin hizli detoksifikasyonu yada
ilag tarafindan DNA’da olusturulan hasarlarin Endonuclease Excision Repair Cross-
Complementing 1 (ERCC1) proteinini de igeren Nucleotid Eksizyon Repair (NER)
sistemi tarafindan etkin bir bicimde tamir edilmesi yoluyla gerceklesebilmektedir
(40).

Son yapilan caligmalar cerrahi girisim ile elde edilen dokulardaki gen ifade
profillerinin  rekiirrens, yasam siiresi ve terapiye cevapliligin ongoriilmesi i¢in
onemli bilgiler sagladigini 6ne siirmektedir. Bu proteinlerden en 6nemlisi ERCC1
proteinidir. ERCC1 cisplatin ile indiiklenmis DNA adduct’larinin tamirinde gorev
alan bir niikleotid eksizyon tamir enzimidir. Yapilan ¢alismalarla ERCC1 eksprese
etmeyen tiimorlerin cisplatin temelli adjuvan terapilerden daha fazla fayda gordigi,
ERCCI1 eksprese eden tiimorlerin ise bu tedavilerden yarar gormedigi belirlenmistir
(39). Ayrica ERCC1 geninde 118C polimorfizmine sahip olan hastalarda protein
ekspresyon oraninin daha diisiik oldugu ve platin temelli tedavi aldiktan sonra bu
polimorfizme sahip olmayanlardan daha uzun sagkalim siiresine sahip olduklar1
gosterilmistir (41). ileri evre kiiciik hiicreli olmayan akciger kanserlerinin temel
terapisinde sistemik kemoterapi kullanilmasina ragmen kemoterapinin etkinliginin
kisa siirede platoya erismesi nedeniyle yeni hedeflenmis tedavi secgeneklerinin
gelistirilmesine yonelik calismalara agirlik verilmistir. Bu amagcla kiiciik hiicreli
olmayan akciger kanseri gelisiminde onemli rol oynayan hiicresel yolaklar iizerinde
etkin yeni molekiiller gelistirilmistir. Bu molekiiller, mTOR inhibitorleri, NSCLC’de
yaygin bi¢cimde asir1 eksprese edilen EGFR proteinini hedefleyen EGFR inhibitorleri,
tiimor damarlanmasin1 engellemeyi amaglayan VEGFR inhibitorleri,  timor
gelisiminde rol oynayan proteinleri de igeren pek ¢ok proteinin yikildigi proteozom
komplekslerini hedefleyen proteazom inhibitorleridirler (39).

2.11 EGFR Tirozin Kinaz Inhibitorii (TKI) Temelli Hedeflenmis Terapiler
EGFR proteini normal brongiyal mukozada bronsiyal bazal laminaya siki
bicimde tutunmus olan bazal hiicrelerde eksprese edilmektedir. Yapilan ¢aligmalar
normal mukozadan epitelyal hiperplazi ve kansere geciste EGFR ekspresyonunun
kademeli olarak arttigin1 gostermistir. Ayrica diislik grade ve yliksek grade
displaziler arasinda da EGFR ekspresyonu agisindan istatistiksel olarak anlamli fark
gozlenmektedir. NSCLC’de EGFR ekspresyonu histolojik alt tiplere gore degisiklik
gostermektedir. Yassi hiicreli karsinomda % 84, adenokarsinomda % 65, biiyiik
hiicreli karsinomda % 68 oraninda asir1 ekspresyon gozlenirken, kiigiik hiicreli
karsinomda ise ekspresyon artigi gdzlenmemektedir. Bazi ¢alismalarda NSCLC’de
EGFR asir1 ekspresyonunun kisa yasam siiresi ile iligkili oldugu bildirilmesine
ragmen bazi ¢caligmalarda EGFR asir1 ekspresyonunun prognostik bir 6nemi olmadigi
One siirilmistiir. Diger taraftan, EGFR gen kopya sayisi ile protein ekspresyonu
arasinda korelasyon gozlenmektedir. EGFR asir1 eksprese eden tiimorlerin ¢ok biiyiik
kisminda EGFR geninin lokalize oldugu 7. kromozomun sayisinda artis gdzlenmekte
olup, hastalarin sadece % 10’unda gen amplifikasyonu gozlenmektedir. Ayrica gen
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kopya sayist yada gen amplifikasyonu olmayan tiimorlerde de EGFR geninin asir1
ekspresyonunun gozlenmesi, EGFR asir1 ekspresyonunda baska mekanizmalarin da
etkin olabilecegini gdstermektedir (29).

Hedeflenmis terapi tiimor gelisiminde onemli rol oynadigi bilinen se¢ilmis tek
bir molekiil ilizerine spesifik olarak etki gosteren biyolojik antikanser ilaclarin
kullanimini ifade eden bir terimdir. NSCLC tedavisinde en yaygin olarak incelenen
hedeflenmis terapiler antianjiogenetik ajanlar ve EGFR inhibitorleridirler (42).
EGFR aktivasyonu NSCLC’de tiimor biiyiimesi ve proliferasyon, anjiyogenez,
apoptoz inhibisyonu, invazyon ve metastazi indiiklemektedir (43). EGFR proteininin
ekstraseliiler domainini hedefleyen antikorlar ve tirozin kinaz fonksiyonunu
engelleyen kiiglik molekiiller (gefitinib ve erlotinib) EGFR sinyal yolagim
engellemek iizere gelistirilmis olan ajanlardir. EGFR’nin NSCLC gelisimindeki rolii
nedeniyle bu sinyal yolagini inhibe etmek amaciyla gelistirilmis olan monoklonal
antikorlar (mAb) EGFR’nin ekstraseliiler altbirimine baglanarak EGFR’nin kendi
ligandlariin baglanmasin1i  kompetetif olarak engeller. EGFR-mAb kompleksi
internalize edilmekte, ve bu internalizasyon EGFR ’nin hiicre ylizeyindeki ekspresyon
ifade oranmin azalmasini saglamaktadir (26). EGFR genine yonelik olarak
sentezlenmis bir monoklonal antikor olan cetuximab doz bagimli bir bi¢imde hiicre
dongiisiiniin G1 fazinda bloklanmasi, programli hiicre dongiisliniin uyarilmasi ve
tiimor anjiyogenezinin baskilanmasi yoluyla hiicre proliferasyonunu baskilar. Ayrica
kimerik yapisindan dolay1 bu antikor konak¢i immiin sistemini uyararak antikor-
bagimli hiicre aracili sitotoksisite de olusturabilir (44). EGFR TKTI’ler ise reseptor
interalizasyonunu etkilememektedir. EGFR TKI’ler EGFR in ATP cebini bloke
ederek EGFR fosforilasyonunu ve dolayisi ile sinyallesmesini baskilamaktadir (26).
Erlotinib oral yolla alinan diisiik molekiiler agirlikli quinazolin temelli bir ajan olup
secici ve geri doniistimlii olarak EGFR nin TKI aktivitesini ATP ile yarisarak inhibe
etmektedir. Yar1 omrii 36 saat olan erlotinibin oral yolla alinimdan sonra % 60’1
emilmektedir. Emilen erlotinib’in % 93’ii proteine bagli olarak bulunmaktadir.
Erlotinib P450 sistemi ile (6zellikle CYP3A4 ile) metabolize edilmektedir. Erlotinib
2005 yilinin Ekim ayinda European Medicinal Evaluation Agency tarafindan
kemoterapi direngli ileri evre NSCLC hastalarinin tedavisi igin onaylanmustir (45).

EGFR TKI terapisi, akciger kanseri hastalarmin % 9-18’sinde klinik ya da
patolojik cevaplilik saglamaktadir. Histopatolojik olarak BAC ya da adeno/BAC
tanis1 alan olgular, sigara kullanim 0&ykiisii olmayanlar, ve kadin hastalar bu
terapilere daha fazla yanit vermektedir (43). EGFR protein ekspresyonunun EGFR
TKTDlere cevaplilikla iliskisi iizerine yapilan ¢alismalarin sonuglar1 arasindaki
farkliliklarin calisilan hasta popiilasyonu ve kullanilan metodlarin farkliliklarindan
kaynaklanabilecegi diisliniilmektedir (46). 2004 yilinda iki arastirma grubu
kemoterapiye direngli NSCLC hastalarinin bir kismimimn EGFR TKTleri ile tedavi
edildiklerinde tedaviye cevap verdiklerini ve tedaviye cevap veren olgularin biiyiik
bir kisminda EGFR geninin tirozin kinaz alt birimini kodlayan ekzonlarinda
mutasyon bulundugunu gostermislerdir. Bu giline kadar yapilan ¢alismalar EGFR
geninde mutasyon olmayan NSCLC olgularinin % 10’u, EGFR geninde mutasyona
sahip olan NSCLC hastalarinin ise % 70’inin bu ilaglara cevap verdigini
gostermektedir. Ayrica EGFR TKI ile tedavi edildiklerinde EGFR mutasyonuna
sahip olan hastalarin bu mutasyona sahip olmayan hastalardan daha uzun sagkalim
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stiresine sahip oldugu bildirilmistir. EGFR mutasyonlarinin genellikle disilerde,
sigara kullanmayanlarda, adenokarsinoma histolojisine sahip tiimorlerde ve dogu
asya kokenli hastalarda gozlendigi bildirilmistir. EGFR mutasyonlarinin, sigara
icmeyen bireylerde icenlerden daha yiiksek siklikta gézlenen bir genetik degisiklik
olmas1 nedeniyle 6zellikle onem kazanmaktadir. Ayrica sigara kullanan bireyler
kullanim aligkanliklar1 agisindan degerlendirildiginde sigara kullanim miktar1 ile
EGFR mutasyon goriilme ylizdesi arasinda ters bir iliski oldugu gézlenmektedir. Bu
sonuclar EGFR mutasyonlarinin sigara igerisinde bulunan karsinojenlerin disinda
bagska bir karsinojen tarafindan olusturuldugunu diisiindiirmektedir. EGFR
mutasyonlart genellikle genin tirozin kinaz domainini kodlayan ilk 4 ekzonunda
bulunmaktadir. Yaklasik olarak EGFR mutasyonlarinin % 90’1 kodon 746 ile 750
arasinda bulunan 5 amino asitin (ELREA) kaybina yol agan kiiciik delesyonlar yada
kodon 858’de Leusin’in Arjinine doniismesine neden olan nokta mutasyonlaridir.
Mutasyonlarin % 3’ti kodon 719°da meydana gelip glisin amino asidinin sistein,
alanin ya da serin amino asidine donligmesine (G719X) neden olmaktadir. Ayrica
mutasyonlarin % 3’0 20. ekzonda meydana gelen ve cergeve kaymasina neden
olmayan insersiyon mutasyonlaridir. 20. ekzonda meydana gelen mutasyonlar
nadiren ayni bireyde diger mutasyonlar ile birlikte goriilebilmektedir. Bu
mutasyonlarin disinda pek c¢ok nadir nokta mutasyonu da goézlenebilmektedir. 19.
ekzonda meydana gelen delesyonlar ve L858R mutasyonlart EGFR’1n ve diger HER
ailesi tyelerinin liganda bagimli olmayan bir yolla siirekli bir sekilde artmis
fosforilasyonuna neden olur. Yapilan klinik ¢aligmalar sonucunda delesyon tipi
EGFR mutasyonuna sahip olan hastalarin EGFR TKI cevaplilik oranlarinin diger tip
mutasyonlara sahip olanlardan daha yiiksek oldugu bildirilmistir. Yiiksek derecede
EGFR geni kopya sayis1 artmis olgularin EGFR TKI ‘lere cevaplilik oran1 %34 iken,
EGFR geni kopya sayis1t degismemis ya da diisiik seviyede artisa sahip bireylerin
cevaplilik orani ise %10°dur. Bu yiizdeler mutasyon pozitif hastalarin cevaplilik
yiizdelerinin oldukg¢a altinda kalmaktadir (28). NSCLC hiicre hatlar1 ve primer
tiimorlerde yapilan c¢alismalar EGFR geni mutasyonlarimin  EGFR gen
amplifikasyonu ile iligkili oldugunu ve mutant EGFR alelinin segici olarak amplifiye
oldugunu gostermistir (45). FISH yontemi ile belirlenen EGFR gen amplifikasyonu
ve ylksek derecedeki polizomisi NSCLC hastalarinin % 31-45 ‘inde belirlenmis
olup, EGFR TKJ’leri ile tedaviye cevaplilik ve daha uzun sagkalim siiresi ile
iliskilendirilmektedir (47).

Mitokondriden sitokrom c¢’nin  salimmmimi takiben kaspaz proteinlerinin
aktivasyonu hiicrelerin apoptozisinde Onemli bir rol oynamaktadir. Mitokondri
membraninda lokalize olan proapoptotik ve antiapoptotik proteinlerin birbirilerine
orani, hiicrelerin apoptoza gidip gitmemelerini belirleyen bir faktordiir.
Antiapoptotik Bcl-2 ailesine ait proteinlerin NSCLC’de asir1 olarak eksprese edildigi
bilinmektedir (48). Hiicre igerisinde PI3K/Akt, STAT3 ve Ras/Raf/MAPK gibi farkli
yolaklarin Mcl-1 protein ekspresyonu iizerinde etkili oldugu gosterilmistir (48).
Parafine  gomili ~ NSCLC  doku  oOrneklerinden  alinmis  Kkesitlerin
immiinohistokimyasal olarak degerlendirilmesi antiapoptotik Bcl-2 ailesinin bir iiyesi
olan Mcl-1’in NSCLC hastalarinin %58’inde yiiksek miktarlarda eksprese edildigini
gostermistir (47). Flavopiridol yarisentetik bir Flavonoid olup ATP ile kompetetif bir
yarisa girerek hiicre dongiisiiniin kontroliinde 6nemli rol oynayan siklin bagiml
kinazlar1 inhibe eden bir ajandir. Kiiclik hiicreli olmayan akciger kanseri hiicre
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hatlar1 ile yapilan c¢alismalar bu molekiiliin tiimor hiicrelerinde EGFR sinyal
yolaginin aktivasyonu sonucunda STAT3 proteini araciligi ile eksprese edilmekte
olan antiapoptotik myeloid cell leukemia 1 (Mcl-1) proteininin ekspresyonunu
baskiladigin1 gostermistir. Bu proteinin ekspresyonunun azalmasi mitokondrial
apoptoz yolaginda dengenin proapoptotik proteinler lehine donmesine ve hiicrelerin
apoptotik uyarilara daha duyarli hale gelmesine neden olmaktadir (49). NSCLC
hiicre hatlar1 ile yapilmis olan bir diger c¢alismada ise Mcl-1 asir1 eksprese eden
NSCLC hiicre hatlarinin sitotoksik ajanlar ve EGFR TKI’ler ile muamele edildikten
sonra hiicresel canlilik oranlarinin Mcl-1 eksprese etmeyen hiicre hatlarindan
olduk¢a yiikksek oldugunu, ve ayrica Mcl-1 ekspresyonunun antisense
oligoniikleotidler kullanilarak baskilanmasinin bu hiicre hatlarini sitotoksik ajanlarca
olusturulan apoptotik uyarilara daha duyarli hale getirdigini gostermistir. Ayrica
NSCLC hiicre hatlarinin EGFR TKI ve Mcl-1 antisense oligoniikleotidleri ile
kombine olarak muamele edilmesinin hiicre canliliginin azalmasinda sinerjistik
olarak etki gosterdigi belirlenmistir (48). Edwards ve arkadaglarinin hiicre hatlari ile
yapmis olduklar1 ¢alismada da EGFR TKTI’lere ilave olarak Mcl-1 ekspresyonunda
rol oynayan sinyal yolaklarinin kombine olarak bloke edilmesinin hiicrelerin
apoptoza gitmesinde sinerjistik rol oynadig1 gosterilmistir (50).

NSCLC tanili hastalarda EGFR TK domain mutasyonlarinin goriilme sikliklari
acisindan etnik ve cografik farkliliklar goézlenmekte olup EGFR TK domain
mutasyonlarinin bdlgemizdeki NSCLC gelisimindeki rolii bilinmemektedir. Ayrica,
EGFR geni tirozin kinaz domain mutasyonu veya asir1 ekspresyonuna sahip primer
NSCLC tiimor dokularinda EGFR TKTI’lere karsi gelistirilen primer ve sekonder
direncin kaynagi olabilecegi one siiriilen PTEN ve Mcl-1 proteinlerinin ekspresyon
profilleri bilinmemektedir.

Bu calismada, EGFR tirozin kinaz domaini mutasyonlarinin iilkemizde NSCLC
hastalarinda hastaligin etiyolojisindeki 6neminin belirlenmesi hedeflenmistir. Ayrica,
NSCLC hastalarindan alinan primer tiimor doku 6rneklerinde EGFR TK tedavisine
direng ile iligkilendirilmekte olan, PI3-K sinyal iletim yolaginda rol alan PTEN
proteini ile mitokondri bagimli apoptoz mekanizmasinda 6nemli rol ynayan Mcl-1
proteinlerinin ekspresyon profillerinin belirlenmesi amaglanmaktadir.
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MATERYAL ve METODLAR

Akdeniz Universitesi Tip Fakiiltesi Gogiis Cerrahisi Anabilim Dali Tarafindan
kiiciik hiicreli olmayan akciger kanseri tanisi almis 50 olgu c¢alismaya dahil
edilmistir. Bu hastalara ait periferal kan ve timor dokularindan elde edilen DNA
kullanilarak direk dizileme yontemi ile EGFR geninde mutasyon taramasi
gergeklestirilmistir. Ayrica, timdr ve tiimore komsu normal akciger dokusundan elde
edilen protein ekstarktlari kullanilarak Western Blot yontemi ile EGFR, PTEN ve
Mcl-1 proteinlerinin ekspresyonlari incelenmistir.

3.1 Periferal Kandan DNA izolasyonu

Tiim olgulardan operasyon oncesi K3 EDTA’ tiipe (Vacuette) 10 ml periferal
vendz kan alinmistir. DNA izolasyonu i¢in yiiksek tuz konsantrasyonu kullanilarak
proteinlerin ¢oktiiriilmesi esasina dayanan yontem uygulanmistir.

3.1.1 Kullanilan Cozeltilerin Hazirlanmasi

0.5 M EDTA (pH:7.4-8): 100 ml 0.5 M EDTA soliisyonu hazirlamak i¢in 18.6120
gr EDTA (Sigma) 100 ml steril distile su i¢inde ¢6ziildii. NaOH ¢o6zeltisi kullanilarak
soltisyonun pH’s1 7.4 olarak ayarlandi. Hazirlanan soliisyon +4 °Cde saklandi.

0.1 M NaCl: 100 ml 0.1 M NaCl soliisyonu hazirlamak i¢in 23.4 gr NaCl (Sigma)
100 ml steril distile su i¢inde ¢oziildii. Hazirlanan soliisyon oda 1sisinda saklandi.

White Blood Lizis Tamponu (WBL): 2.5 ml 0.1 M NacCl ¢ozeltisi, 5 ml 0.5 M
EDTA ¢ozeltisi ve 92.5 ml steril distile su karistirildi. Hazirlanan soliisyon otoklavda
steril edildikten sonra oda 1sisinda saklanda.

Eritrosit Liziz Tamponu

155 mM NH4CI

10mM KHCOs3

1 litre eritrosit liziz tamponu hazirlamak i¢in 8.28 gr NH4ClI (Sigma), 1 gr KHCO;
(Sigma) toplam hacim 1 It olacak sekilde distile suda ¢oziildii. Hazirlanan soliisyon
otoklavda steril edildikten sonra +4 Cde saklandi.

9.5 M Amonyum Asetat Cozeltisi: 36.613 gr amonyum asetat (Sigma) 20 ml distile
suda c¢oziildiikten sonra toplam hacim 50 ml’e tamamlandi. Otoklavda sterilize
edildikten sonra oda 1sisinda saklandi.

%10’luk Sodyum Dodesil Siilfat (SDS) cozeltisi: 10 gr SDS (Sigma) 100 ml
distile suda ¢oziildiikten sonra 0.22 um capl filtreden gegirilerek steril edildi ve oda
1s1sinda saklandi.
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Proteinaz K Cozeltisi: 10 mg Proteinaz K (Sigma) 1 ml steril distile suda ¢oziildii.
Daha sonra 50 pl’lik kisimlara ayrilarak -20 °C’de saklandi.

%70’lik Etanol: 70 ml %99’luk etanol ile 30 ml distile su karigtirild1 ve +4 °C de
saklandi.

3.1.2 Uygulanan Islemler

1. K3 EDTA’l tiip igerisindeki 10 ml venoz kan alt {ist edildikten sonra 50 ml’lik
santrifiij tliptine alindi.

2. Kan iizerine 30 ml lizis tamponu eklendikten sonra vorteks kullanilarak iyice
karigtirildi.

3. Santrifijj tiipii -20 °C buzdolabinda 20 dakika bekletildikten sonra +4 °C* deki
sogutmali santrifiijde 1500 rpm de 10 dakika satrifiij edildi.

4. Santrifiigasyon sonrasi olusan dokelti uzaklastirilarak ¢okelti el ile vurularak
kaldirildi.

5. Cokeltinin tizerine 20 ml lizis tamponu eklendi ve vorteks kullanilarak
karigtirildi.

6. Ornek, +4 °C deki sogutmali santrifiijde 1500 rpm de 10 dakika satrifiij edildi.

7. Dokelti uzaklastirildiktan sonra ¢okelti el ile vurularak kaldirildi.

8. Cokeltinin tizerine 9.4 ml WBL tamponu, 50 ul Proteinaz K(20mg/ml) ve 500
ul % 10’Tuk SDS ilave edilip yavasga alt iist edildi.

9. 50ml’lik santrifiij tiiptiniin kapag1 parafilm ile sarild1 ve 37 °C etiivde bir gece
bekletildi.

10. 16 saat sonra bu karisimin iizerine 3.7 ml amonyum asetat (9.5 M) eklendi ve
beyaz kopiiklii bir goriiniim elde edilinceye kadar elle vurularak iyice
karigtirildi.

11. Karisim 5000 rpm de 30 dakika satrifiij edildi.

12.  Santrifligasyon sonucu olusan dokelti yeni bir 50 ml’lik santrifiij tiipiine

alind.

13.  Yeni santrifijj tlipline alinmis olan dokeltinin {izerine 2 kat1 kadar etanol
falkon tiipiin kenarindan yavasca sizdirilarak ilave edildi.

14.  Falkon tiip yavasca alt iist edilerek DNA iplik¢iklerinin toplanmasi saglandi.

15. Olusan DNA iplikg¢ikleri 1.5 mI’lik ependorf tiip igerisinde bulunan %70°lik
etanol icerisine alindu.

16.  Ependorf tiipler 12000 rpm de 10 dakika santrifiij edilerek DNA’nin ¢okmesi
saglandi.

17.  Santrifigasyon sonrasi olusan dokelti uzaklastirildi.

18.  Ependorfun kapag agik olacak sekilde 37 °C’lik etiivde 1-2 saat tutularak
alkoliin DNA’dan uzaklasmas1 saglandi.

19. Alkol uzaklastiktan sonra DNA nin tizerine 200 pl steril distile su ilave edildi
ve 37°C’lik etiivde 1 saat bekletildi.

20. Izole edilen DNA’lar -20°C’lik derin dondurucuda sakland.

3.2 Tiimér Dokularindan DNA izolasyonu

Ameliyat sirasinda olgulardan elde edilen tiimor dokularindan DNA izole
edilmesi icin yiiksek konsatrasyonda tuz c¢ozeltisi kullanilarak proteinlerin
coktiirilmesi esasina dayanan yontem uygulanmistir.
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3.2.1 Kullanilan Soliisyonlarin Hazirlanmasi
0.5 M EDTA (pH:8.0) [Bkz Syf. 17]
%10’luk Sodyum Dodesil Siilfat (SDS) Cozeltisi [Bkz. Syf. 17]

0.1 M Tris HCI (pH 7.4): 1.211 gr tris base (Sigma) 100 ml steril distile su
igerisinde ¢oziildii. Derisik HCI kullanilarak soliisyonun pH’s1 7.4’e ayarlandi.

Tampon A: 1000 ul 0.1 M Tris-HCI (pH:7.4) ve 40 pl 0.5 M EDTA (pH:8) 15
ml’lik santrifiyj tlipii igerisinde karistirildi. Toplam hacim 10 ml olacak bi¢imde steril
distile su ilave edildi.

Ayristirma Tamponu: Hazirlanmis olan 10 ml tampon A iizerine 840 pl proteinaz
K c¢ozeltisi ve 340 pl %10’luk SDS c¢ozeltisi ilave edildi. Hazirlanan tampon 3’er
ml’lik tiiplere ayrilarak -20 °C’de saklandh.

3.2.2 DNA izolasyonu Sirasinda Uygulanan islemler

1. Yaklasik olarak 0.5 cm’ timor dokusu 15 ml’lik santrifiij tiipiine alind1.

2. Tiimdr dokusunun tizerine 4 ml ayristirma tamponu ilave edildi.

3. Pro 200 homojenizatér (OFERTA) kullanilarak tiimoér dokusu parcgalandi.

4 Homojenati igeren 15 ml’lik santrifiij tiipii daha dnceden 65 °C’ye ayarlanmis
su banyosu igerisinde 1.5-2 saat inkiibe edildi.

5. Siire sonunda su banyosundan ¢ikartilan 6rnegin tizerine 1 ml doymus NaCl

cozeltisi ilave edildi ve vorteks kullanilarak karistirildu.

5000 rpm’de 25 °C’de 30 dakika santrifiij edildi.

7. Santrifiij islemi sonucunda olusan dokelti 15 ml’lik yeni bir santrifiij tlipline
alind1. Uzerine 2 kat1 kadar izopropanol (Sigma) ilave edildi ve yavasca alt iist
edilerek DNA’nin toplanmasi saglandi.

8.  Pipet kullanilarak DNA 1.5 mI’lik ependorf tiipii i¢erisinde bulunan, 500 pl
%70’1ik alkol igerisine aktarildi.

9. 13000 rpm de 25 °C’de 10 dakika santrifiij edildi.

10.  Santrifiij islemi sonunda olusan dokelti uzaklastirildi.

11. Ependorfkapag agik olarak 37°C’lik etiiv de 1-1.5 saat bekletilerek alkoliin
uzaklagmasi saglandi.

12.  Alkol uzaklagtiktan sonra tizerine 100 pl steril distile su ilave edildi.

13.  DNA nin su igerisinde ¢dziinmesi i¢in 37 °C’lik etiivde 30 dakika bekletildi.

14.  1Izole edilen DNA’lar -20°C’lik derin dondurucuda saklandu.

a

3.3 DNA Miktarimin Olgiilmesi

1. Izole edilen DNA 6rneklerinden 5’er ul alinarak 1.5 ml’lik ependorflar
icerisine alindi.

2. DNA 6rneklerinin tizerine 995 pl distile su ilave edildi.

3. Spektrofotometre’de (Shimadzu) drneklerin 260 ve 280 nm’de verdigi
absorbans degerleri ol¢iildii.

4, Orneklerdeki DNA miktar1, 6rneklerin 260 nm’de verdikleri absorbans
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degerinin 50 ve sulandirma faktorii degeri ile ¢arpilmasi ile pg/ml cinsinden

belirlendi.

3.4 PCR i¢in kullamlan primer dizileri

EGFR 18F Primeri 5’ caa atg agc tgg caa gtg ccgtgtc 3’
EGFR 18R Primeri 5’ gag ttt ccc aaa cac tca gtg aaa ¢ 3’
EGFR 18intF Primeri 5’ caa gtg ccg tgt cct gge acc caa ge 3’
EGFR 18intR Primeri 5’ cca aac act cag tga aac aaa gag 3’
EGFR 19F Primeri 5’gca ata tca gec tta ggt geg get ¢ 3°
EGFR 19R Primeri S’cat aga aag tga aca ttt agg atg tg 3’
EGFR 19intF Primeri 5’ cct tag gtg cgg cte cac age 3’
EGFR 19intR Primeri S’cat tta gga tgt gga gat gag ¢ 3’
EGFR 21F Primeri 5’ cta acg ttc gcc age cat aag tec 3’
EGFR 21R Primeri 5’ get geg age tea cce aga atg tet gg 3’
EGFR 21intF Primeri 5’ cag cca taa gtc ctc gac gtg g 3’
EGFR 21intR Primeri 5’ cat cct ccc ctg cat gtg tta aac 3’

3.5 PCR Karisiminin Hazirlanmasi

Stok Konsantrasyonu Kullanilan Miktar

Reaksiyon tamponu

MgCl12 (Fermentas)

dNTP karisimi (Fermentas)
Primer (ileri)

Primer (Geri)

Taq DNA polimeraz (Fermentas)
Genomik DNA

Steril distile su

10X 2.5l
25 mM 4l
10 mM 1.5 ul
20 pmol/ul 1l
20 pmol/ul 1l
s5U/ul 0.2 pl
100 ng/ul 1l

- 13.8 pl

Toplam hacim 25 pl olacak sekilde PCR reaksiyonu kuruldu.

3.6 EGFR Geni Ekzon 18, 19 ve 21’in PCR Islemi ile Amplifikasyonu

Amplifikasyon islemi, 94 °C’de 5 dakika baglangi¢ denatiirasyonu sonrasi 94
°C’de 1 dakika denatiirasyon, 55°C’de 1 dakika tutunma, 72 °C’de 1 dakika
uzama’dan olusan dongiiniin 30 kez tekrarlanmasi ve 72 °C’de 10 dakika son uzama

olacak sekilde gerceklestirildi.

3.7 PCR Uriinlerinin Piirifikasyonu

PCR sonrasi, tiip icerisindeki iirlin disi PCR bilesenlerinin uzaklastirilmasini
saglayan pirifikasyon basamagi Invisorb Spin PCRapid Kit(250) (INVITEK)

kullanilarak uygulandi.
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3.7.1 PCR Piirifikasyon Islemleri

N —

PN W

9.

10.
11.
12.

PCR iiriiniiniin tizerine 130 ul Buffer P eklendi.

Pipet ile biraz karistirildiktan sonra, dnceden hazirlanmais filtreler igerisine
yerlestirilmis receiver tiiplerine aktarildi.

Oda sicakliginda 1 dakika inkiibe edildi.

10 000 rpm de 30 saniye santrifiij edildi.

Receiver tiipiiniin alt1 bosaltilmadan iizerine 700 ul Wash Buffer eklendi.
10 000 rpm de 30 saniye santrifiij edildi.

Receiver tiiplerin alt1 bosaltildi.

14 000 rpm de 3 dakika kuru santrifiij yapildu.

Sonra filtreler ependorf tiiplerine alind1.

Uzerine 30 ul elution buffer eklendi.

Oda sicakliginda 3 dakika bekletildi.

10 000 rpm de 2 dakika santrifiij edildi ve filtreler atildi.

3.8 Dizi Analizi PCR Reaksiyonunun Kurulmasi

SNk WD =

4’er pl Big Dye terminator v3.1 (Applied Biosystems) tiiplere dagitildi.
30-90 ng (5ul) PCR iiriinii eklendi.

3.2 pmol intronik Forward yada intronik Reverse primer eklendi
Toplam hacim 20 plt olacak sekilde deiyonize su ile tamamlandi.

Iyice karistirilip spin edilerek ¢oktiiriildii.

ABI Prism 9700 PCR cihazinin Perkin Elmer (PE) meniisiiniin Big Dye
Terminator programinda PCR dizileme islemi gerceklestirildi.

Tiipler termal cycler cihazina kondu ve dogru voliime ayarlandi.
Baslangi¢ denatiirasyonu:

96 °C’de 1 dakika yapildi.

Asagidaki islemler 25 dongii halinde gerceklestirildi:

* 96 °C’de 10 saniye

* 50 °C’de 5 saniye

* 60 °C’de 4 dakika

Piirifikasyon islemine kadar tiipler +4 °C de bekletildi.

3.9 Sodyum Asetat ile Dizileme Sonrasi Piirifikasyon

1.

kW

Dizileme reaksiyonundan sonra PCR cihazindan ¢ikarilan 6rneklerin tizerine
2’ser ul 3 M sodyum asetat eklendi

Uzerine %95-99’1uk -20 °C’de sogutulmus etanolden 50 pl ilave edilerek
hafifce pipetle karigmasi saglandi

Bu karisim 1.5 mI’lik ependorf tiiplere alinarak -20 °C’del5 dakika tutuldu.
Bu islem sonrasinda 13000 rpm de 20 dakika santrifiij yapildi.

Santrifiij sonrasinda dokelti uzaklastirildiktan sonra ¢okeltinin tizerine +4°C’de
muhafaza edilen %70’lik etanolden 250 pl eklendi ve pipet yardimiyla
hafif¢ce karistirildi.

1300 rpm’de 5 dakika santrifiij edildi.

Santrifiij sonunda dokelti uzaklastirildi ve drnekler 37°C’deki etiivde
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kurumaya birakildi.

9. Kuruma isleminden sonra her 6rnegin iizerine 22 ul Hi-Di Formamid
(Applied Biosystems) eklendi.

10. Formamid eklenmis olan dizileme reaksiyonu tiriinleri tiip (Applied
Biosystems) igerisine alindu.

11.  Tiiplin agz1 septa (Applied Biosystems) ile kapatildiktan sonra 95 °C’de 5
dakika denatiire edildi.

12.  Buzda 2 dakika bekletildikten sonra ABI Prism dizi analizi cihazina 6nekler
yiiklendi. Daha sonra kapiller (Applied Biosystems), POP-6 polimer (Applied
Biosystems), EDTA iceren Buffer (10x) (Applied Biosystems) ile dizi analizi
cihazinda (ABI 310 Prism) 36 dakika yiiriitiildii.

13.  Ornekler yiiriitiildiikten sonra, GenBank ulasim numarast NM_005228.3 ‘dan
ulagilan EGFR ¢cDNA dizisi referans olarak alinarak diziler okundu.

1 ATG CGA CCC TCC GGG ACG GCC GGG GCA GCG CTC CTG GCG CTG CTG 45
1 M R P S G T A G A A L L A L L 15
46 GCT GCG CTC TGC CCG GCG AGT CGG GCT CTG GAG GAA AAG AAA GIT 90
16 A A L c P A S R A L E E K K V 30
91 TGC CAA GGC ACG AGT AAC AAG CTC ACG CAG TTG GGC ACT TTT GAA 135
31. C Q G T S N K L T Q L G T F E 45
136 GAT CAT TTT CTC AGC CTC CAG AGG ATG TTC AAT AAC TGI GAG GIG 180
46 D H F L S L Q R M F N N C E V 60
181 GIC CTT GGG AAT TTG GAA ATT ACC TAT GIG CAG AGG AAT TAT GAT 225

61 vV L G N L E 1 T Y vV Q R N Y D 75

226 CTT TCC TTC TTA AAG ACC ATC CAG GAG GIG GCT GGT TAT GTIC CTC 270
76 L S F L K T | Q E VvV A G Y V L 9

271 ATT GCC CTC AAC ACA GIG GAG CGA ATT CCT TTG GAA AAC CTG CAG 315
91 | A L N T V E R | P L E N L Q 105
316 ATC ATC AGA GGA AAT ATG TAC TAC GAA AAT TCC TAT GCC TTA GCA 360
106 | | R G N M Y Y E N S Y A L A 120

361 GIC TTA TCT AAC TAT GAT GCA AAT AAA ACC GGA CTG AAG GAG CTG 405
121 V. L S N Y D A N K T G L K E L 135
406 CCC ATG AGA AAT TTA CAG GAA ATC CTG CAT GGC GCC GIG CGG TTC 450
136 P M R N L Q E 1 L H G A V R F 150
451 AGC AAC AAC CCT GCC CTG TGC AAC GIG GAG AGC ATC CAG TGG CGG 495
151 S N N P A L cC N V E S 1 Q W R 165
496 GAC ATA GIC AGC AGT GAC TTT CTC AGC AAC ATG TCG ATG GAC TTC 540
166 D | v § S D F L S N M S M D F 180
541 CAG AAC CAC CTG GGC AGC TGC CAA AAG TGTI GAT CCA AGC TGTI CCC 585
181 Q N H L G § €C Q K C€C b P s C P 195
586 AAT GGG AGC TGC TGG GGI GCA GGA GAG GAG AAC TGC CAG AAA CTG 630
196 N G S C W G A G E E N C Q K L 210
631 ACC AAA ATC ATC TGT GCC CAG CAG TGC TCC GGG CGC TGC CGI GGC 675
211 ' T K | | cC A Q Q €C s G R C R G 22
676 AAG TCC CCC AGT GAC TGC TGC CAC AAC CAG TGT GCT GCA GGC TGC 720
226 K S P S D C C H N Q C A A G C 240
721 ACA GGC CCC CGG GAG AGC GAC TGC CTG GIC TGC CGC AAA TTC CGA 765
241 T G P R E S D C L V C R K F R 255
766 GAC GAA GCC ACG TGC AAG GAC ACC TGC CCC CCA CTC ATG CTC TAC 810
2% b E A T C K D T C P P L M L Y 270
811 AAC CCC ACC ACG TAC CAG ATG GAT GIG AAC CCC GAG GGC AAA TAC 855
271 N P T T Y Q M D V N P E G K Y 285
856 AGC TTT GGI GCC ACC TGC GIG AAG AAG TGT CCC CGI AAT TAT GIG 900
286 s F G A T C VvV K K C P R N Y V 300
901 GIG ACA GAT CAC GGC TCG TGC GIC CGA GCC TGI GGG GCC GAC AGC 945
301 v T D H G S C V R A C G A D s 315
946 TAT GAG ATG GAG GAA GAC GGC GIC CGC AAG TGT AAG AAG TGC GAA 990
36 Y E M E E D G V R K C K K C E 330
991 GGG CCT TGC CGC AAA GIG TGT AAC GGA ATA GGT ATT GGT GAA TTT 1035
33 G P C R K V C N G 1 G 1 G E F 345
1036 AAA GAC TCA CTC TCC ATA AAT GCT ACG AAT ATT AAA CAC TTC AAA 1080
346 K D S L S 1 N A T N | K H F K 360
1081 AAC TGC ACC TCC ATC AGI GGC GAT CTC CAC ATC CTG CCG GIG GCA 1125
361 N C T S |1 S G D L H I L P VvV A 375
1126 TTT AGG GGI' GAC TCC TTC ACA CAT ACT CCT CCT CTG GAT CCA CAG 1170
376 F R G D s F T H T P P L D P Q 390
1171 GAA CTG GAT ATT CTG AAA ACC GTA AAG GAA ATC ACA GGG TTT TTG 1215
391 E L D |1 L K T Vv K E | T G F L 405
1216 CTG ATT CAG GCT TGG CCT GAA AAC AGG ACG GAC CTC CAT GCC TTT 1260
406 L | Q A W P E N R T D L H A F 420
1261 GAG AAC CTA GAA ATC ATA CGC GGC AGG ACC AAG CAA CAT GGT CAG 1305
421 E N L E 1 | R G R T K Q H G Q 435
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TTT

TCT

TTG

GIC GIC
GAG ATA
E 1
TGC TAT
GGT CAG

AAG GCC

AGC CTG AAC
S L N
AGI GAT GGA
GCA AAT ACA
AAA ACC AAA
ACA GGC CAG
GGC CCG GAG
GCC AGG GAA
AGG GAG TTT
TGC CTG CCT
GAC AAC TGT
GTC AAG ACC

GIC TGG AAG

ATA

GAT

ATA

ATT

ATC

TGC

TAC

GAG

ACA TCC TTG GGA

T S
GIG ATA
v o
AAC TGG
N W
ATA AGC
| S
TGC CAT
C H
AGG GAC
R D
GIG GAC
vV D
GAG AAC
E N
GCC ATG
A M

L
ATT
|
AAA
K
AAC
N
GCC
A
TGC

G
TCA
S
AAA

1350

Ekzon 18

2296
766
2341
781
2386
796

|
CCC CAC GIG
P H V
CAG CTC ATC

Q L 1

L
TGC
C
ACG
T

CAG CTC
Q L

GTC CGG GAA CAC AAA GAC

V R E

H

K D

GTG CAG ATC

2340
780
2385
795
2430
810

871
2656
886
2701
901
2746
916
2791
931
2836
946
2881
961
2926
976
2971
991
3016
1006
3061
1021
3106
1036
3151
1051

ATC
[
TTC
E
CAG
Q
AGT
S

[ece

CcrC

ATG GTC AAG

M

\

K

CGT GAG TTG

R

E

CGC TAC

R

Y

CCT ACA

P

T

GAC ATG GAC

D

M

D

L
CTT
L
GAC
D
GAC
D

CAG G&C TTC TTC

Q

G

F

F

AGC TCT CTG AGT

S

S

L

GAT AGA AAT

D

R

N

S
GGG
G

ATC ATC
| |
GTC ATT
\2|
TCC AAC
S N
GIG GIG
vV Vv
AGC AGC
S S
GCA ACC
AT
CTG CAA
L Q

AAG TGG ATG

GAA TTC TCC

TTC TAC CGT
F Y R
GAT GCC GAC
D A D
CCC TCC ACG
P S T
AGC AAC AAT
S N N
AGC TGT CCC
s C P

AGA ATG
CTG ATG

TAC CTC

ACC GIG

AAG GAA
K E
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AGC
S

ATT

TTC
E

885
2700
900
2745
915
2790
930
2835
945
2880
960
2925
975
2970
990
3015
1005
3060
1020
3105
1035
3150
1050
3195
1065

Ekzon 19

Ekzon 21




3196 TTG CAG CGA TAC AGC TCA GAC CCC ACA GGC GCC TTG ACT GAG GAC 3240
1066 L Q R Y S s D P T G A L T E D 1080
3241 AGC ATA GAC GAC ACC TTC CTC CCA GIG CCT GAA TAC ATA AAC CAG 3285
1081 S | D D T F L P VvV P E Y | N Q 1095
3286 TCC GIT CCC AAA AGG CCC GCT GGC TCT GIG CAG AAT CCT GIC TAT 3330
10%6 s v P K R P A G S V Q N P V Y 1110
3331 CAC AAT CAG CCT CTG AAC CCC GCG CCC AGC AGA GAC CCA CAC TAC 3375
1111 H N Q P L N P A P S R D P H Y 1125
3376 CAG GAC CCC CAC AGC ACT GCA GIG GGC AAC CCC GAG TAT CTC AAC 3420
1126 Q b P H S T A V G N P E Y L N 1140
3421 ACT GIC CAG CCC ACC TGTI GIC AAC AGC ACA TTC GAC AGC CCT GCC 3465
1141 T Vv Q P T C€C V N S T F D S P A 1155
3466 CAC TGG GCC CAG AAA GGC AGC CAC CAA ATT AGC CTG GAC AAC CCT 3510
1156 H W A Q K G S H Q | S L D N P 1170
3511 GAC TAC CAG CAG GAC TTC TTT CCC AAG GAA GCC AAG CCA AAT GGC 3555
1171 D Y Q Q D F F P K E A K P N G 1185
3556 ATC TTT AAG GGC TCC ACA GCT GAA AAT GCA GAA TAC CTA AGG GIC 3600

1186 | F K 66 s T A E N A E Y L R VvV 1200
3601 GCG CCA CAA AGC AGT GAA TTT ATT GGA GCA TGA 3633
1200 A P Q S S E F | G A *

Sekil 3.1. EGFR geninin cDNA niikleotid dizilimi ve amino asit kodlari.

3.10 Tiimor ve Kontrol Dokulardan Protein Lizatlarinin Elde Edilmesi

Normal akciger dokulari ve tiimor dokularindan protein lizatlarinin elde edilmesi
icin, hiicrelerin pargalanmasin1 saglayan deterjanlar, protein stabilizasyonunu
saglayan tuzlar ve proteinlerin par¢alanmasini engelleyen proteaz inhibitorleri iceren
Triton-X tamponu kullanilmigtir.

3.10.1 Kullanilan Soliisyonlarin Hazirlanmasi

Triton-X Tamponu

Triton-X Tamponu igerisinde bulunan kimyasal maddeler ve konsantrasyonlari
asagida verilmektedir.

NaF (Sodyumflorid)(Sigma) 100 mM
Hepes (N-(2-hidroksietil)piperazin-N-(2-etan-sulfonikasit))(Sigma) 50 mM
NaCl(Sodyumklortir) (Sigma) 150 mM
Gliserol (Sigma) %10
Triton-X 100 (Sigma) %1.2
MgCl2 (Magnezyumklorid)(Sigma) 1 mM
EGTA(Etilenbis(oksietilennitrilo)tetraasetikasit)(Sigma) I mM
PMSF(Fenilmetansiilfonilflorid)(Sigma) ImM
Sodyumortovanadat(Sigma) ImM
Sodyum-pirofosfat (Sigma) 10mM
Leupeptin (Sigma) 10pg/ml
Aprotinin (Sigma) 10pg/ml
Pepstatin A (Sigma) 1 pg/ml

4.199 g NaF, 13,015 g Hepes, 8.766 g NaCl, 0.09521 g MgCl, 0.3804 g EEGTA,
0.1742 g PMSF, 0.1839 g Sodyumortovanadat, 4.461 g Sodyum-pirofosfat tartilip
500 ml bidistile su iginde c¢oziildii. 10 mg/ml’lik stoktan 1 ml Leupeptin, 10
mg/ml’lik stoktan 1 ml Aprotinin, 10 mg/ml stoktan 100 pl Pepstatin A, %10’luk
gliserol’den 100 ml ve 12 ml Triton-X-100 eklendikten sonra son hacim 1 litre

olacak sekilde bidistile su ile tamamlandi. 50 ml’lik santrifiij tliplerine boliinerek
-20 °C’de saklandh.
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3.10.2 Protein Lizatlarinin Elde Edilmesi Sirasinda Uygulanan islemler

1. 0.5 cm’® doku, 2 mI’lik ependorf icerisinde bulunan 500 ult Triton-X tamponu
igerisine alindi.

2. Pro 200 homojenizatér (OFERTA) kullanilarak tiimér dokusu parcalandi.

Elde edilen homojenat 10000 rpm’de 10 dakika santrifiij edildi.

4. Santrifligasyon sonunda olusan dokelti steril 1.5 ml’lik ependorf tiiplere
almarak -20 °C’de saklandi.

(8]

3.11 Standart Protein Grafiginin Hazirlanmasi
3.11.1 Kullanilan Soliisyonlarin Hazirlanmasi

Stok BSA(Bovin Serum Albiimin): 0.1 gr toz BSA(Sigma) tartilip toplam hacim 10
ml olacak bigimde bidistile su i¢inde ¢oziildii.

3.11.2 Protein Diliisyon Serisinin Absorbanslarimin Olgiilmesi

1. 1 ml stok BSA alinarak {izerine 9 ml bidistile su eklenerek 1:10 oraninda
sulandirildu.

2. Hazirlanan bu ¢6zeltiden 0.5, 1, 2.5, 5,7.5, 10, 12.5, 15, 17.5, 20, 22.5, 25,
27.5, 30, 32.5, 35, 37.5, 40, 42.5 ve 45 pl’lik hacimlerde 20 farkli 1.5 mI’lik
ependorf tiiplere aktarildi.

3. Her ependorfa 1:4 oraninda sulandirilan protein assay kitinden (Biorad) 1 ml
eklenip 5 dakika beklendi.

4.  Busiire sonunda spektrofotometrede (Shimadzu) hazirlanmis olan 6rneklerin
595 nm’de verdikleri absorbans degerleri 6l¢iildii.

5. Xekseninde protein miktar1 (ug/pl cinsinden) ve Y ekseninde absorbans
degerleri olacak sekilde milimetrik kagit kullanilarak standart protein grafigi
hazirlandi.

3.12 Dokulardan Elde Edilen Proteinlerin Miktar Tayini

1. Dokulardan elde edilmis olan protein lizatlarindan birer mikrolitre alinarak 1.5
ml’lik ependorf tiiplere konuldu.

2. Her ependorfa 1:4 oraninda sulandirilan Biorad protein assay kitinden 1 ml
eklenip 5 dakika inkiibe edildi.

3. Bu siire sonunda spektrofotometrede (Shimadzu) hazirlanmis olan 6rneklerin
595 nm’de verdikleri absorbans degerleri 6l¢iildii.

4. Her bir 6rnek i¢in standart protein grafiginde drnegin verdigi absorbans degere

karsilik gelen protein miktar1 pg/pl olarak belirlendi.
5. Western Blot sirasinda her kuyucuga 100 mg potein yiiklenecegi i¢in her bir
ornekten ne kadar alinmasi gerektigi hesaplandi.

3.13 Western- blot
Western-blot yontemi uygulanarak normal ve tiimor dokularindaki EGFR,
PTEN, TNF-alfa ve Mcl-1 proteinlerinin ekspresyon seviyeleri belirlendi.

3.13.1Western-blot’da Kullanilan Soliisyonlarin Hazirlanmasi
Ayristirma Jeli Tamponu (Resolving Buffer): 90.75 g Tris-Base (Sigma) tartilarak
500 ml bidistile suda ¢oziildii. Cozeltinin pH’s1t HCL kullanilarak, 8.8’e ayarlandi.
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Yiikleme Jeli Tamponu (Stacking Buffer): 30.25 g Tris-Base (Sigma) tartilarak
500 ml bidistile suda ¢oziildii. Cézeltinin pH’s1, HCL kullanilarak, 6.8’e ayarlandi.

%10’luk Sodyum Dodesil-siilfat (SDS): 10 g SDS (Sigma) tartilarak 68°C’de 100
ml bidistile su i¢inde ¢oziildii. Cozeltinin pH’s1 7.2°ye ayarlandi.

%10’luk Amonyum persiilfat (APS): 1 gr APS tartilarak 10 ml bidistile su i¢inde
¢oziildii. Hazirlanan soliisyon +4 °C’de sakland.

AKkrilamid-bisakrilamid (29:1): 29 gr akrilamid (Sigma) ve 1 gr bisakrilamid
(Sigma) tartilarak 100 ml bidistile su igerisinde ¢oziildii. Hazirlanan soliisyon
aluminyum folye ile sarilarak +4 °C’de saklandi.

2X Yiikleme Tamponu: 1 ml Gliserol (Sigma), 3 ml %10’luk SDS, 1.25 ml 1M
Tris, 20 pl Bromofenol mavisi (Boehringer Mannheim), ve 0.5 ml B-merkaptoetanol
(Sigma) 15 ml’lik tiip icerisinde karistirildi. Enjektore cekilip 0.22 pum’lik filtreden
gecirilerek partikiillerden arindirildi. 1 mI’lik alikotlara boliinerek -20°C’de saklandi.

TEMED (N,N,N’,N’-tetrametilendiamin): Hazir soliisyon (Sigma-Aldrich) olarak
kullanilmistir.

% 6’luk Ayirici Jel (Resolving Jel)

5.3 ml distile su

2.5 ml ayrigtirma tamponu

2 ml akrilamid-bisakrilamid

0.1 ml %10’luk SDS

0.1 ml %10’luk APS

8 Wl TEMED 15 ml’lik tiip i¢erisinde karistirilarak hazirlandi.

% 10’luk Ayirici Jel (Resolving Jel)

3.85 ml distile su

2.5 ml ayristirma tamponu

3.5 ml akrilamid-bisakrilamid

0.1 ml %10’Iuk SDS

0.1 ml %10’luk APS

10 ul TEMED 15 ml’lik tiip i¢erisinde karistirilarak hazirlandi.

Yiikleme Jeli (Stacking Jel)

3 ml distile su

1.25 ml ytikleme jeli tamponu

0.625 ml akrilamid-bisakrilamid

50 pl %10°luk SDS

50 ul %10’luk APS

5 uwl TEMED 15 ml’lik tiip icerisinde karistirilarak hazirlandi.

31



3.13.2 Orneklerin Yiikleme i¢cin Hazirlams

1. Protein lizatlar1 yiikleme islemine baslamadan 30 dakika 6nce derin
dondurucudan ¢ikartildi.
2. Lizatlarin kar igerisinde ¢oziilmesi saglandi. 100 pg protein igerecek kadar

ornek alinarak ependorf tiiplere konuldu.
3. Toplam hacim 15 pl olacak sekilde 15 pl Triton-X tamponu ilave edilerek
tiim orneklerin ayn1 hacimde olmasi saglandi

4. Her 6rnegin tlizerine 5 pl 2X yiikleme tamponu ilave edildi.
5. Ependorflarin kapaklari parafilm ile kapatilarak 5 dakika kaynar suda
bekletildi.

6. Siire sonunda 30 dakika 10000 rpm de santrijiij edilen 6rnekler kullanilarak
yiikleme islemine gecildi.

3.13.3 Orneklerin Yiiklenmesi ve Elektroforez

1.  Camlar 6nce absolii etanol ile sonra bidistile su ile yikanip iyice kurulandi.

2. Iki cam iist iiste yerlestirildikten sonra yan taraflar kiskaclar ile sikistirilarak,
alt kism ise jel dokme aparatinda sikistirilarak dikey olarak sabitlendi.

3. EGFR proteini i¢in %6’lik, PTEN ve Mcl-1 icin %10’luk ayristirict jel
hazirlandi.

4. Hazirlanmis olan ayristirma jeli pipet kullanilarak {ist kisimda 1 cm bogluk
kalacak sekilde iki cam arasina dokiildii.

5. Ust kisimda birakilan bosluk % 0.1 ‘lik SDS ¢ézeltisi ile dolduruldu. 30-45
dakika ayrici jelin donmasi beklendi.

6. Siire sonunda iist kisitmdaki %0.1°1ik SDS dokiildii ve bidistile su ile birkag

kez yikandi.

7. Yiikleme jeli hazirlanip, ayirici jelin iizerine dokiildii ve hava kabarcigi

kalmamasina dikkat edilerek tarak yerlestirildi.

8. 30-45 dakika sonra ylikleme jeli polimerize olduktan sonra tarak dikkatlice

cikartildi.
. Jel dokme aparatindan alinan camlar elektroforez tankinin igine yerlestirildi.

10.  Elektroforez tanki kisa camin iist seviyesine kadar 1X elektroforez tamponu
ile dolduruldu.

11. Taraklarin olusturdugu kuyucuklar elektroforez tamponu ile yikandi.

12. Ik kuyucuga molekiiler agirlig1 bilinen proteinleri iceren protein marker’1
yiiklendi.

13.  Yiikleme iglemine hazirlanmis olan protein 6rnekleri diger kuyucuklara
yiiklendi.

14.  Ornekler yiikleme jelinde 80-90 Volt’da 15-20 dakika yiiriitiildii. Orneklerin
ayristirma jeline gegmesinden sonra akim 100-120 Volt’a getirilerek ylikleme
tamponu igerisinde bulunan Bromofenol mavisi cam plaklardan ¢ikana kadar
yiirlitme islemi gerceklestirildi.

3.13.4 Proteinlerin Jelden Membrana Transferi (Islak Transfer)
3.13.4.1 Kullanilan Soliisyonlarin Hazirlanmasi

1x Protein Transfer Tamponu: 3 gr Glisin, 5.8 gr Tris baz tartilip 800 ml bidistile
su icinde ¢oziildiikten sonra toplam hacim 1 It olacak sekilde 200 ml Metanol
(Merck) ilave edildi.
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3.13.4.2 Proteinlerin Transferi Sirasinda Uygulanan Islemler

1. Membrana transfer islemine gecilmeden 10-30 dakika dnce Polivinildiflorid
membran (PVDF) metanol ile 1slatildi.

2. Camlar elektroforez tankindan ¢ikartilarak 1X protein transfer tamponuna
alindi.

3. Kuyucuklarin bulundugu ytikleme jeli kesilip atildi ve jel tampon i¢ine alindi.

4. Sandvig arasina ilk once siinger yerlestirildi ve protein transfer tamponu iyice
emdirildi.

5. Siinger {izerine transfer kagidi tamponla doyurularak yerlestirildi.

6. Transfer kagidi iizerine jel biiyiikliigiinde kesilmis ve metanolle 1slatilmis olan
membran yerlestirildi.

7. Membranin iizerine transfer tamponu emdirilmis transfer kagidi ve onun

lizerine yine tampon emdirilmis stinger yerlestirildi.

8. Sandvig sikistirilarak kapatildi ve transfer tankina yerlestirildi.

9. Transfer tanki 1X protein transfer tamponu ile dolduruldu.

10.  Jelin anot membranin katot tarafinda bulunmasina dikkat edildi.

11.  +4 °C’deki transfer tankinda 1 gece boyunca 40 Volt ve 60-70 mA’de
proteinlerin membrana transferi gerceklestirildi.

3.13.5 Menbranlarin Blotlanmasi (Antikor ile Isaretlenmesi)
3.13.5.1 Kullanilan Soliisyonlarin Hazirlanmasi

10X Phosphate Buffered Saline (PBS): 40 gr NaCl (Merck), 1 gr KCl (Merck), 7.2
gr Na,HPO4 (Merck) ve 1.2 gr KH,PO4 (Merck) tartilip 500 ml bidistile su i¢inde
¢oziiliip, 1 M HCI kullanilarak pH: 7.4’e ayarlandi.

%0.1’lik PBST: 100 ml 10X PBS iizerine 900 ml bidistile su ve 1 ml Tween-20
(polioksietilen-sorbitanmonolaurat)(Sigma) ilave edildi.

%3’liik Siit Tozu (Bloklama Cozeltisi): 1 gr yagsiz siit tozu PBST i¢inde ¢oziiliip
100 ml’ye PBST ile tamamlandi.

3.13.5.2 Membranlarin AntiKor ile isaretlenmesi Sirasinda Uygulanan islemler

l. Eldiven giyilerek membranlar temiz kiigiik kaplara alindi.

2. Membranin iistiinii kaplayacak kadar bloklama ¢6zeltisi konuldu ve 20 dakika
Heidolph marka ¢alkalayici iizerinde prehibridizasyona birakildi.

3. Daha sonra ¢ozelti dokiilerek final konsantrasyon 2 pgr/ml olacak seklide
bloklama ¢o6zeltisi i¢cinde seyreltilmis olan PTEN/EGFR/Mcl-1 ve
GAPDH primer antikoru konularak 4 saat ¢alkalandi.

4. Stire sonunda yikama islemine gecildi. 15 dakika boyunca her bes dakikada bir
PBST degistirilerek membran ¢alkalayicida yikandi.

5. Yikama isleminden sonra bloklama ¢ozeltisi i¢inde 1/10000 oraninda
seyreltilen sekonder antikor Horseradishperoxydase (HRP) konuldu ve 1 saat
boyunca ¢alkalandi.

6.  Buislem bittikten sonra tekrar PBST ile 15 dakika yikama islemi yapildi.

7. Islem sonunda pens aracilila alinan membranin kurutma kagidi ile suyu

alind1. Sterechfilm iizerine yerlestirildi. Uzerine Enhanced chemiluminescence
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(ECL) (Amersham Biosciences) dokiiliip 1 dakika bekletildi.

8. Stire sonunda ECL’in fazlas1 kurutma kagidi ile alindiktan sonra strechfilm ile
tizeri ortiildi, kenar sikica kapatildi.

9. Film kasetin i¢ine bantlandi.

10. Karanlik odada film membran iizerine yerlestirildi ve 1-8 dakika sonra banyo
edildi.

3.13.6 Tiimér ve Kontrol Orneklerinde Protein Ekspresyon Miktarlarinin
Belirlenmesi

Banyo sonunda elde edilen filmler Hewlett peckard marka tarayici ile tarandi.
EGFR, PTEN ve Mcl-1 ve esit yiikklemeyi kontrol amaci ile kullanilan GAPDH
antikorlarinin filmde olusturdugu bantlar Scion image adli bilgisayar programi
kullanilarak ol¢iildii.
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BULGULAR

Akdeniz Universitesi Tip Fakiiltesi Gogiis Cerrahisi tarafindan kiiciik hiicreli
olmayan akciger kanseri tanisi ile opere edilen yaglar1 39 ile 79 arasinda degisen ve
yas ortalamalar1 61.34 olan 2’si kadin, 48’1 erkek 50 olgu calismaya dahil edilmistir.

4.1 Tiimdér Materyalinin Patolojik ve Histolojik Olarak Incelenmesi

Calisma kapsamina alinan olgulardan lobektomi yoluyla elde edilen tiimor
dokular1 ve bolgesel lenf nodu biopsileri patolojik olarak incelenmis, tiimdrlerin
evrelendirmeleri TNM sistemine, derecesi ise WHO smiflandirmasina gore
yapilmistir. Olgularin  tiimoér  dokularinin  patolojik olarak degerlendirilmesi
sonucunda, 9 tanesi adenokarsinom, 30 tanesi yass1 epitel hiicreli karsinom, 9 tanesi
adenosquamoz karsinom, 2 tanesi ise biiyiik hiicreli karsinom olarak belirlenmistir.
Olgularin patolojik olarak incelenmesi sonucunda TNM smiflamasina gore
dagilimlar1 su seklidedir, TINOMO 3 hasta, TINIMO 2 hasta, T2ZNOMO 21 hasta,
T2N1MO 18 hasta, T2N2MO 1 hasta, T3NOMO 3 hasta, T3N1MO 1 hasta, T4ANOMO 1
hasta. Evrelerine gore ise hastalarin dagilimi su sekilde bulunmustur; 3 olgu evre 1a,
21 olgu evre 1b, 3 olgu evre 2a, 20 olgu evre 2b, 2 olgu evre 3a, 1 olgu ise evre 3b
olarak degerlendirilmistir. Olgularin yaslari, cinsiyetleri, tiimdrlerin histolojik
siiflandirilmalari, timor ¢aplarr, TNM siniflamalari, ve histolojik evreleri ve diger
klinik takip verileri tablo 4.1’de verilmistir.
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Tablo 4.1. Calisma kapsaminda degerlendirilen olgularin klinikopatolojik verileri.

* E; Erkek, K; Kadin, TNM; Tiimoér Nod Metastaz, YEHK; Yass1 Epitel Hiicreli Karsinom, ADK;

Adenokarsinom, BHK; Biiyiik Hiicreli Karsinom, ASK; Adenosquaméz Karsinom, * Takipsiz
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Hasta Cinsiyet Yas Materyal Alis Tiimér Tipi Tiimor TNM Evre Klinik

Kodu Tarihi Cap1 Takip
2 E 54 20.05.2005 YEHK 8 cm T2NOMO 1b Ex/9a
3 E 56 26.05.2005 ASK 8 cm T2N1MO 2a Ex/12a
4 E 51 03.08.2005 ASK 1.1 cm T2NOMO 1b *
5 E 58 03.08.2005 BHK 6.5 cm T2N1MO 2b *
7 E 48 12.08.2005 ASK 11 cm T2N1MO 2b 34a
8 E 66 09.09.2005 YEHK 10 cm T2NOMO 1b Ex/18a
9 E 47 12.09.2005 YEHK 2 cm T2NIMO 2b 33a
11 E 69 23.09.2005 YEHK 8.5 cm T2N1MO 2b 33a
13 E 67 30.09.2005 YEHK 4 cm T3NOMO 2b Ex/7a
14 E 53 13.10.2005 YEHK 8 cm T2NOMO 1b *
15 E 79 25.10.2005 YEHK 2 cm T2NOMO 1b *
16 E 65 20.10.2005 YEHK 9 cm T2N1MO 2b 32a
18 K 69 26.12.2005 YEHK 3.5cm T2NIMO 2b 30a
19 E 56 16.01.2006 ASK 7.5 cm T2NOMO 1b 29a
20 E 66 23.01.2006 ADK 5.5 cm T2NOMO 1b 29a
21 E 70 23.01.2006 ASK 2 cm TINIMO 2a *
22 E 77 31.01.2006 YEHK 6 cm T2N2MO 3a *
24 E 50 16.02.2006 YEHK 6 cm T2NOMO 1b 28a
25 E 67 20.03.2006 YEHK 5cm T2N1MO 2b *
26 E 67 10.03.2006 ASK Scm T2NOMO 1b Ex/23a
27 E 68 21.03.2006 BHK 2 cm TINIMO 2a *
28 E 71 23.03.2006 ADK 9 cm T2NIMO 2b 27a
30 E 58 31.03.2006 ASK 6.5 cm T2NOMO 1b *
31 E 60 5.04.2006 ASK 5cm T2NOMO 1b *
32 E 62 10.04.2006 YEHK 8.5 cm T2NOMO 1b *
33 E 65 14.04.2006 ASK 9.5 cm T3INOMO 2b *
34 E 62 17.04.2006 YEHK 2 cm TINOMO la 26a
36 E 57 21.04.2006 YEHK 7 cm T2NOMO 1b 26a
37 E 62 02.05.2006 YEHK 8.5cm T2N1MO 2b Ex/3a
38 E 51 04.05.2006 YEHK 3cm T2N1MO 2b 25a
40 E 45 29.05.2006 YEHK 5.5 cm T2NOMO 1b *
42 E 57 20.06.2006 YEHK 6 cm T2NOMO 1b 24a
43 E 59 10.08.2006 ADK 3.2 cm T3N1IMO 3a 22a
44 E 68 10.08.2006 YEHK 3.8 cm T2NOMO 1b 22a
46 E 71 21.09.2006 YEHK 6.5 cm TINOMO la *
47 E 67 20.10.2006 YEHK 4 cm T2N1MO 2b *
49 E 54 15.11.2006 YEHK 3.5cm T2N1MO 2b 19a
51 E 70 15.12.2006 ADK/BAK 11 cm T4NOMO 3b *
52 K 63 18.12.2006 ADK 32cm T2NIMO 2b 18a
53 E 68 07.01.2007 YEHK 4.2 cm T3NOMO 2b Ex/6a
55 E 59 06.03.2007 YEHK 2.5cm TINOMO la *
56 E 55 08.03.2007 YEHK 4.5cm T2N1MO 2b 16a
58 E 61 13.03.2007 ADK/BAK | 2.5cm T2NOMO 1b 16a
59 E 54 30.03.2007 ADK 5cm T2NOMO 1b *
60 E 63 01.06.2007 YEHK 2.5 cm T2N1MO 2b *
61 E 60 12.06.2007 YEHK 3.8cm T2NOMO 1b *
62 E 39 10.08.2007 ADK 4 cm T2NOMO 1b 10a
63 E 63 13.08.2007 YEHK 3cm T2N1MO 2b 10a
64 E 43 13.08.2007 YEHK 8 cm T2NOMO 1b 10a
65 E 75 17.08.2007 ADK 4 cm T2N1MO 2b *




4.2 EGFR Geni Tirozin Kinaz Domain Mutasyon ve Polimorfizmleri

EGFR proteininin tirozin kinaz domainini kodlayan 18. ve 21. ekzonlarda
calisma kapsamina alman 50 olgunun higbirinde mutasyon gozlenmezken, kiiciik
hiicreli olmayan akciger kanseri tanili 50 olgudan ikisinde (4%), 9 adenokarsinom
olgusunun 2’sinde (%22.2) EGFR geninin 19. ekzonunda heterozigot durumda,
cDNA’da bulunan 2235. ve 2249. niikleotidler arasinda kalan 15 niikleotidin
delesyonuyla ortaya ¢ikan ve EGFR proteininde 746 ve 750. amino asitler arasinda
kalan 5 amino asitin (ELREA) delesyonuna neden olan  ¢.2235 2249 (p.
Glu746_Ala750del) mutasyonu belirlenmistir (Sekil 4.1 a-b). Bu mutasyona sahip
olan olgulardan birisi (51 numarali olgu) bronkoalveolar 6zellikleri belirgin
adenonokarsinom histolojisine sahip tiimorlii bir erkek olgu iken digeri (52 numarali
olgu) adenonokarsinom histolojili tiimdre sahip bir kadin olgudur. Timor
dokularinda belirlenmis olan bu mutasyonun somatik bir mutasyon oldugunu
gostermek icin EGFR TK domaini mutasyonu belirlenmis olan iki olgunun periferal
kanlarindan izole edilen DNA ornekleri kullanilarak dizi analizi yontemi ile
incelenmis ve ikisinde de ¢.2235 2249 mutasyonu gozlenmemistir.

EGFR geninin ekzonik bolgesinde belirlenmis olan bu mutasyona ilave olarak,
EGFR geninin 18. ve 19. intronlarinda 4 farkli polimorfizm belirlenmistir. 5 olguda
heterozigot durumda (%10) 18. intronda daha once literatiirde bildirilmis olan
2184+19 G/A polimorfizmi (db SNP rs 17337 107) (Sekil 4.1 c¢), 8 olguda
heterozigot durumda (%16) 18. intronda daha dnce tanimlanmamis olan 2184+100
C/T polimorfizmi belirlenmistir (Sekil 4.1 d). 6 olguda yine heterozigot durumda
(%12) 19. intronda ise daha once tanimlanmis olan 2283+69 G/A polimorfizmi
belirlenirken (Sekil 4.1 e) 19. intronda daha 6nceden tanimlanmis 2283+96 A/G
polimorfizmi (db SNP rs 2017000) de saptanmstir (Sekil 4.1 f). Bu polimorfizme ait
allellerin dagilimi ise su sekildedir; AA; 22/50 (%44), AG; 17/50 (%34), GG; 11/50
(%22).

Bu polimorfizmlerin histolojik alt tiplere gére dagilimi incelendiginde intron 18
2184+19 G/A polimorfizmi 4 yass1 epitel hiicreli karsinom ve 1 adenosquaméz
karsinomda, intron 18 21844100 C/T polimorfizmi 5 yass1 epitel hiicreli karsinom, 2
biiyiik hiicreli karsinom ve 1 adenosquamdz karsinomda, inton 19 2283+69 G/A
polimorfizmi ise 4 yassi epitel hiicreli karsinom, 1 biiyiik hiicreli karsinom ve 1
adenosquamoz karsinomda, intron 19 2283+96 A/G polimorfizminin 16 yassi
epitelyum hiicreli karinom, 5 adenosquamoz karsinom, 6 adenokarsinom ve 1 biiyiik
hiicreli karsinomda gozlenmistir. Allelik frekanslar1 diigiik olan intron 18’de yer alan
2184+100 C/T ve 19. intron’da yer alan 2283+69 polimorfizmlerinin 5’1 yass1 epitel
hiicreli karsinom ve 1’1 biiyiik hiicreli karsinomlu tiimdre sahip olan 6 olguda beraber
gozlenmistir.
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Sekil 4.1. ab) ¢.2235 2249del mutasyonunun forward ve reverse primerler ile elde edilen
dizi analizi goriintiisii. ¢) 2184+19 G/A polimorfizmi d) 2184+100 C/T polimorfizmi
e) 2283+69 G/A polimorfizmi f) 2283+96 A/G polimorfizmi
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4.3 Western-blot Sonuclari
4.3.1 Normal Akciger Dokular1 ve Tiitmor Dokularinda EGFR Protein
Miktarlar
Incelenmis olan 50 olgudan 23’iiniin (% 46) tiimdér dokularmda EGFR
proteininin ekspresyonunun normal dokuya gore artmis oldugu belirlenmistir. EGFR
ekspresyon artis1 gozlenen tiimorlerin 14U yasst epitel hiicreli karsinom, 4’1
adenokarsinom, 4’ adenosquaméz karsinom, 1’1 ise biiyiik hiicreli karsinom
histolojisine  sahipti. EGFR ekspresyon artisinin evrelere gore dagilimi
incelendiginde evre 1 olgularin 12’sinde (12/24), evre 2 olgularin 10‘unda (10/23),
evre 3 olgularin ise 1’inde (1/3) EGFR ekspresyonunda artis gézlenmistir. EGFR
protein ekspresyon seviyesinin belirlenmesi i¢in yapilmig olan bir Western-blot
sonucu Sekil 4.2°de goriilmektedir.

EGFR

GAPDH

N T* N T N T N T N

Sekil 4.2. 27,28, 30 ve 31 numarali olgularin EGFR ve GAPDH proteinlerinin Western-blot
goriintiisiit N;Normal doku, T;Tiimor dokusu;* EGFR proteininde ekspresyon artisi
gozlenen Ornek.

4.3.2 Normal Akciger Dokulari ve Tiimor Dokularinda PTEN Protein
Miktarlar

Incelenmis olan 50 olgudan 17’sinin (% 34) tiimdr dokularinda PTEN
proteininin ekspresyonunun normal dokuya gore azaldigi belirlenmistir. Normal
akciger dokusuna gore PTEN protein miktarinda azalma goézlenen tiimorlerin 130
yasst hiicreli karsinom, 2’si adenokarsinom, 1’1 adenosquaméz, 1’1 ise biiyiik hiicreli
karsinom histolojisine sahipti. PTEN ekspresyon azalmasinin evrelere gore dagilimi
incelendiginde evre 1 olgularin 7’sinde (7/24), evre 2 olgularin 8‘inde (8/23), evre 3
olgularin ise 2’inde (2/3) PTEN protein seviyesinin normal akciger dokusuna gore
azaldigr gozlenmistir. PTEN protein ekspresyon seviyesinin belirlenmesi icin
yapilmis olan bir Western-blot sonucu Sekil 4.3°de goriilmektedir.

N T N ™ N T N T

PTEN

Sekil 4.3. 15,16,18, ve 19 numarali olgularin PTEN ve GAPDH proteinlerinin Western-blot
goriintiisii. N3 Normal doku, T;Tiimor dokusu;* PTEN proteininde ekspresyon azaligi
gozlenen ornek.
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4.3.3 Normal Akciger Dokular1 ve Tiimor Dokularinda Mcl-1 Protein
Miktarlar:

Incelenmis olan 50 olgudan 15’inin (% 30) tiimor dokularinda Mcl-1 proteininin
hem uzun hem de kisa izoformunun ekspresyonunun normal dokuya gore arttigi
belirlenmistir. Normal akciger dokusuna gore Mcl-1 protein miktarinda artis
gozlenen tiimorlerin 111 yassi epitel hiicreli karsinom, 2’si adenosquamoz karsinom,
1’1 adenokarsinom, 1’1 ise biiyiik hiicreli karsinom histolojisine sahipti. Mcl-1
ekspresyon artisinin evrelere gore dagilimi incelendiginde evre 1 olgularin 6’sinda
(6/24), evre 2 olgularin ise 9‘unda (9/23) Mcl-1 protein seviyesinin normal akciger
dokusuna gore arttigt gozlenmistir. Mcl-1 protein ekspresyon seviyesinin
belirlenmesi i¢in yapilmis olan bir Western-blot sonucu Sekil 4.4’de goriilmektedir.

N T N T* N T N T

GAPDH

Sekil 4.4. 15,16,18 ve 19 numarali olgularin Mcl-1ve GAPDH proteinlerinin Western-blot goriintiisii.
N; Normal doku, T;Tiimér dokusu;* Mcl-1 proteininde ekspresyon artis1 gézlenen drnek.

PTEN ve Mcl-1 protein ekspresyon diizeyleri, EGFR proteini ekspresyon diizeyi
ile birlikte degerlendirildiginde EGFR proteininin ekspresyonunda artig gézlenen 23
olgunun 6’sinda (%26) PTEN protein ekspresyonunda azalma gozlenmistir. Ayrica
bu 23 olgunun 6’sinda ise (%26) Mcl-1 protein ekspresyonunda artis gozlenmistir.
44 numarali olguda EGFR ve Mcl-1 proteinilerinin ekspresyonunda artisa eslik eden
PTEN ekspresyonunda azalma belirlenmistir. EGFR mutasyonu bulunmus olan iki
olgudan birinde PTEN protein ekspresyonunda azalma goézlenirken digerinde ise
Mcl-1 ekspresyonunda artig gdzlenmistir.

4.4 Klinik Takip

Calisma kapsaminda degerlendirilmis olan olgulardan 29 tanesi klinik olarak
takip edilebilmistir. Olgularin takip siireleri 10 ayla 34 ay arasinda degismektedir.
Klinik olarak takip edilen olgularin 7’si hastaligin hizli progresyonu sebebi nedeniyle
tiim t1ibbi tedavilere yanitsiz hale gelmistir.
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Tablo 4.2. Calisma kapsaminda degerlendirilen olgulara ait EGFR mutasyon ve polimorfizm dagilimlar1 ve EGFR, PTEN ve Mcl-1 protein ekspresyon seviyeleri

Hasta Mutasyon Intron 18 Intron 18 2184+100 Intron19 Intron19 EGFR PTEN Mel-1 Protein
Kodu 2184+19 G/A C/T Polimorfizmi 2283+69 G/A 2283+96 A/G Protein Protein Seviyeleri
Polimorfizmi Polimorfizmi Polimorfizmi Seviyeleri Seviyeleri
2 - G/A C/C G/G A/G Normal Normal Normal
3 - G/G C/C G/G A/G Artmisg Normal Normal
4 - G/G C/C G/G A/G Normal Normal Artmig
5 - G/G C/T G/A A/A Artmis Azalma Normal
7 - G/G C/C G/G A/G Artmis Normal Artmis
8 - G/G C/C G/G A/G Normal Azalma Normal
9 - G/G C/C G/G A/A Artmg Normal Artmg
11 - G/G C/C G/G G/G Artmg Azalma Normal
13 - G/G C/T G/G A/A Normal Azalma Artmis
14 - G/G C/C G/G A/A Normal Normal Artmisg
15 - G/A C/C G/G A/G Artmis Normal Artmis
16 - G/G C/C G/G G/G Normal Azalma Artmis
18 - G/G C/C G/G A/G Normal Normal Normal
19 - G/A C/C G/G A/G Artmg Normal Normal
20 - G/G C/C G/G G/G Normal Normal Normal
21 - G/G C/C G/G A/A Artmisg Normal Normal
22 - G/G C/C G/G G/G Artmisg Normal Normal
24 - G/G C/C G/G A/A Normal Normal Normal
25 - G/G C/T G/A A/A Normal Azalma Normal
26 - G/G C/T G/A A/G Artmis Azalma Normal
27 - G/G C/T G/G G/G Artmis Normal Artmis
28 - G/G C/C G/G G/G Normal Normal Normal
30 - G/G C/C G/G A/A Normal Normal Normal
31 - G/G C/C G/G A/A Normal Normal Normal
32 - G/G C/C G/G A/A Normal Azalma Normal
33 - G/G C/C G/G A/A Normal Normal Normal
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34 - G/G C/T G/A A/A Artmis Azalma Normal
36 - G/G C/T G/A G/G Normal Normal Artmis
37 - G/G C/C G/G A/A Normal Azalma Artmis
38 - G/G C/C G/G A/G Artmig Normal Normal
40 - G/G C/C G/G A/G Artmig Azalma Normal
42 - G/G C/C G/G A/A Normal Normal Normal
43 - G/G C/C G/G A/G Normal Azalma Normal
44 - G/G C/T G/A A/A Artmis Azalma Artmig
46 - G/G C/C G/G A/G Normal Azalma Artmis
47 - G/G C/C G/G A/A Artmis Azalma Normal
49 - G/G C/C G/G G/G Normal Normal Normal
51 ¢.2235 2249del G/G C/C G/G A/A Normal Azalma Normal
52 c.2235 2249del G/G C/C G/G A/A Normal Normal Artmig
53 - G/A C/C G/G A/A Normal Normal Artmig
55 - G/A C/C G/G A/G Artmis Normal Artmis
56 - G/G C/C G/G A/A Normal Normal Normal
58 - G/G C/C G/G A/G Artmig Normal Normal
59 - G/G C/C G/G G/G Artmig Normal Normal
60 - G/G C/C G/G A/G Normal Azalma Normal
61 - G/G C/C G/G G/G Artmig Normal Normal
62 - G/G C/C G/G G/G Artmig Normal Normal
63 - G/G C/C G/G A/A Normal Normal Normal
64 - G/G C/C G/G A/G Artmig Normal Normal
65 - G/G C/C G/G A/A Artmig Normal Normal
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TARTISMA ve SONUCLAR

Kiictik hiicreli olmayan akciger kanserleri genellikle ge¢ donemde tan1 konmasi
ve kullanilan kemoterapétik ilaglara karsi direngli olmalart nedeniyle kotii prognoza
sahip bir kanser tiiriidiir. Giliniimiizde NSCLC tedavisinde cerrahi operasyon,
kemoterapi ve radyoterapi yontemleri uygulanmaktadir. Platinum temelli kombine
terapi uygulanan NSCLC hastalarin  %20’sinde cevaplilik gozlenmekte olup
hastalarin ortalama yasam siireleri 8-12 ay arasinda degismektedir. Son yillarda ise
NSCLC primer tiimor dokularinda ve hiicre hatlarinda ekspresyonu degismis, hiicre
cogalmast ve apoptoz mekanizmasinda rol oynayan spesifik proteinlerin
inhibisyonuna yonelik 6zgiil kii¢clik molekiillerin gelistirilmesine yonelik ¢alismalar
onem kazanmistir. EGFR tirozin kinaz inhibitdrleri NSCLC ‘de hedeflenmis tedavi
i¢in en umut verici ajanlardir.

2000-2003 yillar1 arasinda Massachusetts hastanesinde 275 ileri evre
kemoterapiye direncli kiiciik hiicreli olmayan akciger kanserli hastaya tek ajan olarak
Gefitinib verilmistir. Bu hastalardan 25’inin Gefitinib terapisine olumlu yanit verdigi
gbzlenmistir. Bu hastalarin = 9’unun primer tiimdér dokusunda EGFR geninin 28
ekzonu dizi analizi yontemi ile incelenmis ve olgularin 7’sinde genin tirozin kinaz
bolgesini kodlayan ekzonlarda heterozigot mutasyonlar belirlenmistir. Bu olgularin
normal akciger dokularinda ise mutasyon belirlenememis olmast EGFR TK
mutasyonlarinin timoér olusumundan sonra ortaya ciktigini diislindiirmiistiir. Bu
bulgular EGFR geni TK domaininde mutasyon tasiyan kiigiik hiicreli olmayan
akciger kanseri tamili hastalarin EGFR TKI’ler ile tedavi edilebilecegini
distindiirmustiir (51). Aym1 donemde Paez ve arkadaslart 119 primer NSCLC’li
olgunun 16’sinin tiimor dokularinda EGFR geninde mutasyon belirlemiglerdir.
EGFR geni mutasyonlarinin uzakdogu orijinli bireylerde, kadinlarda ve
adenokarsinom tanili olgularda diger gruplardan daha yiiksek siklikta goriildiigiini
bildirmislerdir (52). Pao ve arkadaslar1 primer NSCLC’de EGFR mutasyonu sikligini
% 5 olarak bildirmislerdir (53). Bu caligmalarda, uzakdogu orijinli hastalarda EGFR
geni mutasyonlarinin goriilme oraninin daha yiliksek oldugunun belirlenmesi iizerine
uzak dogulu NSCLC hastalarinda EGFR mutasyonlarinin taranmasia yonelik pek
¢ok calisma yapilmistir. Bu c¢alismalarin sonuglari tablo 5.1°de goriilmektedir.
Tabloya bakildiginda NSCLC tanili hastalarda EGFR geninin TK domaininde
mutasyon goriilme siklig1 uzak dogulu toplumlarda oldukca ytiksek olup, % 17 ile %
42 arasinda degismektedir. Bu mutasyonlarin goriilme sikligina iligkin ¢ok calisma
bulunmamasina ragmen Kafkas orijinli NSCLC hastalarinda bu oran % 5 ile 13
arasinda degigsmektedir. Al-Kuraya ve arkadaslarinin yaptigi tek calismada ise Suudi
kokenli NSCLC hastalarda bu mutasyonlarin goriillme sikligt % 2.9 olarak
belirlenmistir (52-65). Bizim ¢alismamizda incelenmis olan 50 olgudan ikisinde (%
4) EGFR geninde mutasyon belirlenmistir. Belirlenen bu oran diger katkas ve arap
orijinli NSCLC’lu hastalarda yapilmis olan calismalarda belirlenmis olan oranlara
benzerlik gostermektedir (Tablo 5.1).
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NSCLC tanili olgularda gozlenen mutasyonlarin dagilimi incelendiginde 19.
ekzonda cerceve kaymasina neden olmayan delesyon tipi mutasyonlar ve 21.
ekzonda gergeklesen L858R amino asit degisimine neden olan mutasyonlarin
olgularin %90’1indan fazlasinda bulundugu goézlenmistir (63,66). Bizim ¢alismamizda
da literatiirle uyumlu olarak iki olgumuzun (51 ve 52 numarali olgular) 19.
ekzonunda heterozigot durumda gozlenen ve ¢erceve kaymasina neden olmayan p.
Glu746 Ala750del delesyon tipi mutasyon belirlenmistir.

Yapilan caligmalarda EGFR mutasyonlar1 ile tiimorlerin histolojik tipi
degerlendirildiginde EGFR mutasyonlarinin tiim histolojik tiplerde goriilebilecegi
ancak adenokarsinom’larda goriilme sikliginin (% 40-47) diger histolojik alt tiplerde
gorilme sikligindan (% 3-9.2) ¢ok daha yiiksek oldugu goézlenmistir (55,59,64).
Bizim ¢alismamizda 9 adenokarsinom histolojisine sahip NSCLC’lu olgudan 2’sinde
(% 22.2) EGFR geni mutasyonu belirlenmistir. Yass1 epitel hiicreli karsinom, biiyiik
hiicreli karsinom ve diger tip NSCLC tiimér dokularimin hi¢ birisinde EGFR geni
mutasyonu belirlenememistir. Calismamizda adenokarsinom histolojisine sahip
timorlerde EGFR geni mutasyonlarinin sikliginin, daha once yaymlanmis olan
degerlerden daha diisiik olmasinin, hasta sayisinin yetersizliginden kaynaklanmis
olabilecegini diistinmekteyiz.

Adenokarsinomlar tiimor hiicrelerinin ¢ogalma tipine gore bronkoalveolar ve
karsinom o0zelligi tasiyan adenokarsinom ve bronkoalveolar ve karsinom o&zelligi
tasimayan adenokarsinom olmak {izere iki alt grupda incelenmektedirler. EGFR
mutasyonlari ile adenokarsinom alt tipleri arasindaki iligski degerlendirildiginde BAC
ozellikleri tasiyan adenokarsinom’larda EGFR geni mutasyonu sikliginin BAC
ozellikleri tasimayan adenokarsinomlardan daha yiiksek oldugu bildirilmektedir (67).
Bizim calismamizda BAC 6zellikleri tasiyan adenokarsinomlu 2 olgunun 1’inde
(% 50), BAC ozellikleri tasimayan adenokarsinomlu 7 olgunun 1’inde (% 14) EGFR
geninde mutasyonu belirlenmistir. Bu bulgu daha once yapilmis olan g¢alismalarla
uyum gostermektedir.

EGFR mutasyonlar ile iliskilendirilmis olan bir diger klinikopatolojik faktor de
hastanin cinsiyetidir. Yapilan ¢aligmalar NSCLC’lu kadin olgularda EGFR geni
mutasyon sikligmin (% 42.9-50), NSCLC’lu erkek olgulardan (% 4-23.1) daha
yiiksek oldugunu gostermistir (55,59,64). Bizim ¢alismamizda da 48 erkek NSCLC
olgusunun 1’inde 2 kadin NSCLC olgusunun 1’inde mutasyon belirlenmesi
literatlirdeki bulgular ile uyum gostermektedir.

Bu bulgular bronkoalveolar ozelliklere sahip adenokarsinomlu hastalarin ve
kadin NSCLC ‘li hastalarin EGFR geni mutasyonuna sahip olma olasilig1 en yiiksek
grup oldugunu ve bu Ozelliklere sahip kemoterapiye direngli NSCLC’li hastalarda
EGFR geninde TK domain mutasyon taramasi yapilarak hastalarin EGFR proteinini
hedefleyen tirozin kinaz inhibitdrleri ile tedavi edilebilecegini desteklemektedir.

Daha 6nce NSCLC tiimor dokularinda Western-blot, immiinohistokimya ve
qantitatif real time PCR gibi farkli yontemler kullanilarak yapilmis olan calismalar
olgularin % 27-83’tinde EGFR proteininin asir1 eksprese edildigini gostermistir (68-
70). Calismamizda, cerrahi operasyon yoluyla elde edilen tiimor ve normal akciger
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dokularinda, NSCLC’lerinde asir1 ekspresyonu gozlendigi bilinen EGFR proteininin
ekspresyon seviyesi western-blot teknigi ile incelenmistir. Calismamiz kapsaminda
incelenmis olan 50 olgunun 20’sinde (% 40) EGFR proteini ekspresyonunun normal
akciger dokusuna gore artmis oldugu belirlenmis olup bu deger daha 6nce yapilmis
olan calismalarla uygunluk gostermektedir. Yine daha onceki ¢aligmalar ile uyumlu
olarak, bizim ¢aligmamizda da, EGFR proteini asir1 ekspresyonunun goriilme siklig
yassi epitel hiicreli karsinomda diger histolojik alttiplerde goriilme sikligindan daha
yiksek bulunmustur (70-72). Timor evrelerine gore EGFR ekspresyon artiglart
degerlendirildiginde, tiimor evresi ile EGFR ekspresyon artis1 arasinda herhangi bir
farklilik gézlenmemistir. Bu bulgu Daha 6nce yayinlanmis olan calismalarla
uyumludur (73, 74). EGFR proteininin asir1 ekspresyonunun NSCLC’li hastalarda
prognostik olarak onemine dair birbiriyle c¢elisen yayinlar bulunmaktadir. Bazi
aragtirmacilar EGFR asir1 ekspresyonunun prognostik olarak 6nemli olmadigini 6ne
siirerken diger arastirmacilar EGFR asir1 ekspresyonunun sagkalim siiresinin
kisalmasi ve kotli prognoz ile iliskili oldugunu 6ne stirmektedir. EGFR ekspresyon
seviyesinin NSCLC hastalarinin sagkalimlari iizerine etkisini inceleyen 18 ¢alismada
yer alan 2972 hastanin degerlendirildigi bir meta analiz calismasinda EGFR asiri
ekspresyonunun hastalarin sagkalimi tizerine etkili olmadigi gozlenmistir. Klinik
olarak takip edilebilmis olan 29 olgumuzun EGFR protein seviyeleri ve sagkalim
stireleri degerlendirildiginde, EGFR ekspresyonunda artis gozledigimiz 13 olgunun
2’s1 (%16), EGFR ekspresyonunda artis gozlemedigimiz olgularin ise 5’1 (% 31)
hastaligin hizli progresyonu sebebi nedeniyle tiim tibbi tedavilere yanitsiz hale
gelmistir. Her ne kadar bu veriler EGFR ekspresyon artisinin hastalarin klinik
tablosu tizerinde negatif bir etkiye sahip olmadigini diisiindiirse de, 21 hastaya ait
klinik takibin yapilamamis olmasi ve tiim olgularin takip siirelerinin farkli olmasi
nedeniyle EGFR protein ekspresyonunun klinik ac¢idan Oneminin uzun siireli
takiplerin tamamlanmasindan sonra yapilmasmmin daha dogru olacagim
diistinmekteyiz. Caligmalar arasinda, EGFR asir1 ekspresyon sikliklar1 ve prognostik
Oonemi agisindan gozlenen farkliliklarin EGFR ekspresyonunun incelenmesinde farkli
antikorlarin  kullanilmasi, farkli protokollerin uygulanmasi, asir1 ekspresyon
tanimlama kriterlerinin farklilik gostermesi ve hasta popiilasyonlarimin farkl
Ozelliklere sahip olmasindan kaynaklanabilecegi diisiiniilmektedir (75).

IDEAL ve INTACT 1/2 faz 1l calismalarinda EGFR ekspresyon seviyesi ile
EGFR TKT'lerine cevaplilik arasinda iliski bulunamamistir. Ancak, EGFR
TKTI’lerine cevaplilik ve EGFR ekspresyon seviyesi arasindaki iliskiyi degerleniren
BR.21 faz calismasinda EGFR proteinini asir1 eksprese eden NSCLC’li hastalarin
EGFR eksprese etmeyen olgulara gore EGFR tirozin kinaz inhibitorleri ile tedaviden
daha fazla yarar gordiiklerini ve bu hastalarin sagkalim siirelerinin arttiginm
gostermistir (76). Capuzzo ve arkadaslart da EGFR asir1 ekspresyonu gosteren
olgular1 ekspresyon diizeyi degismeyen olgularla karsilastirdiklarinda, EGFR TKI’ler
ile tedaviye duyarlilik oranlarmin daha yiiksek (% 21-% 5), hastaligin ilerlemesi
oranlarmin daha diisiik, dolaysiyla yasam siirelerinin de daha uzun oldugunu
gostermislerdir (77). Bu bulgular kullanilan antikorlar ve EGFR ekspresyon seviyesi
degerlendirilirken kulanilan kriterlerin standardizasyonu saglanabilirse NSCLC’li
olgularda EGFR protein ekspresyon seviyesinin belirlenmesinin de EGFR TKI’lerine
cevapliligi 6ngdren bir markir olarak kullanilabilecegini gostermektedir. FDA,
EGFR tirozin kinaz inhibit6rlerinin kemoterapiye direngli ileri evre NSCLC
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hastalarinin tedavisinde kullanilabilmesi i¢in onay vermistir. Calisma kapsaminda
degerlendirdigimiz olgular primer opere edilebilir kiiglik hiicreli olmayan akciger
kanseri hastalar1 oldugu icin EGFR tirozin kinaz inhibitorleri ile tedavi almamis
olgulardir. Bu nedenle, tiimor dokusunda artmis EGFR proteini ekspresyon
seviyesinin EGFR tirozin kinaz inhibitorlerine cevaplilik i¢in bir belirte¢c olup
olmadigina dair bir degerlendirme yapilamamustir.

Aktive edici EGFR tirozin kinaz mutasyonlarina sahip hastalarda EGFR TKI’ler
ile elde edilen cevaplilifa ragmen 6-12 ay sonra bu ilaglara karsi direng
geligebilmektedir. EGFR tirozin kinaz inhibitorlerinin etkinliginin artirilabilmesi ve
EGFR TKTI’lere karsi olusan direnci ortadan kaldirilabilmesi i¢in EGFR TKI’leri ile
kombine olarak kullanilabilecek yeni ilaglarin gelistirilmesinin gerekliligi ortaya
cikmisti. EGFR TKDlerin biyolojik etkinligini belirleyen ve ilaca direng
gelistirilmesine neden olan mekanizmalarin aydinlatilmasina yonelik ¢alismalar ise
devam etmektedir. Adenokarsinom hiicre hatlarinda yapilan bir ¢aligmada PTEN
ekspresyonunda azalma gozlenen ve EGFR TKI’lere karsi direngli alt hiicre
popiilasyonlarinin varligi gosterilmistir. Bu bulgular PTEN ekspresyon kaybinin
EGFR tirozin kinaz inhibitorlerinin biyolojik etkinligini belirleyen bir faktor
oldugunu diisiindiirmiistiir (78). Kemoterapiye direngli olan ve EGFR TKI tedavisi
uygulanmis olan EGFR geni tirozin kinaz domaini mutasyonuna sahip NSCLC
olgularda yapilmis olan bir calismada da tiimoér dokularinda PTEN kayb1 gézlenen
olgularin sagkalim siirelerinin PTEN eksprese eden tiimorlere sahip olan olgulardan
daha uzun oldugu gosterilmistir (79). Calismamizda kiigiik hiicreli olmayan akciger
kanserli hastalarin % 34’tiniin tiimor dokusu Orneklerinde PTEN proteini
ekspresyonunun, normal dokuya gore azaldigi belirlenmistir. PTEN ekspresyon
kaybinin evrelere gore dagilimi degerlendirildiginde evre 1 ve evre 2 arasinda fark
gozlenmezken, evre 3 Kkiigiik hiicreli olmayan akciger kanserlerinde PTEN
ekspresyon kaybinin diger evrelere gore daha yiiksek oldugu goézlenmistir. PTEN
protein ekspresyonu azalmasini ileri evre NSCLC ile iliskilendiren yayinlar
bulunmasina ragmen bu iliskiyi reddeden yayinlar da mevcuttur (80,81). Bu bulgular
PTEN ekspresyonunun evreler ile iligkisinin tam olarak ortaya konmasi i¢in daha
fazla sayida caligma yapilmasi gerektigini ortaya koymaktadir. Ayrica ¢calismamizda,
EGFR ekspresyon artisi gozlenmis olan 21 olgunun 7’sinde ve EGFR geninde
mutasyon goézlenmis 2 olguda PTEN ekspresyonunda azalma gozlenmis olmasi
PTEN ekspresyon kaybinin EGFR TKI'lere karst goézlenen primer direncin
nedenlerinden biri olabilecegi goriislinii desteklemektedir. Bu nedenle EGFR
TKTI’leri ile kombine olarak kullanilabilecek PI3-K/Akt yolaginin alt basamaklarini
bloke edici ajanlarin gelistirilmesi EGFR TKI’lerin etkinliginin artirilmasina neden
olabilir.

EGFR  TKT’lerinin  etkinliginin  artirilmasinda, mitokondri membran
gecirgenligini  kontrol eden antiapoptotik Bcl-2 ailesi iiyelerinin ekspresyon
seviyelerinin azaltilmasini veya bu proteinlerin apoptotik Bcl-2 ailesi iiyelerini
baskilamasini engelleyen ajanlar en umut vaad edici yaklagimlar olarak 6n plana
cikmaktadir. Mitokondriyal apoptoz mekanizmasinda rol oynayan ve NSCLC tiimor
dokularinda asir1 eksprese edildigi bilinen Mcl-1 proteini bu yaklasimlardaki temel
noktay1 olusturmaktadir.
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Mcl-1, ilk kez 1993 yilinda insan myeloid hiicre hatlarinin farklilagmasi
sirasinda eksprese edildigi belirlenmis olan bir proteindir. 1995 yilinda
immiinohistokimyasal olarak farkli insan dokularinin incelenmesi sonucunda akciger
dokusu da dahil pek ¢ok dokuda farkli seviyelerde eksprese edildigi gozlenmistir
(82). 1999 yilinda NSCLC primer tiimor dokularinin immiihistokimya yontemi ile
incelenmesi sonucunda bu dokularin % 58’inde Mcl-1 proteininin asir1 eksprese
edildigi belirlenmistir. Ancak bu calismada Mcl-1 proteini asir1 ekspresyonu ile
hastalarin klinik ve patolojik verileri arasinda herhangi bir iligkisi belirlenememistir
(37). Mcl-1 proteininin alternatif splicing ile olusan kisa izoformu 2000 yilinda
tanimlanmis olup bu izoformun, orijinal protein {iriiniinden farkli olarak proapoptotik
etkiye sahip oldugu o6ne stirtilmiistiir (83).

NSCLC hiicre hatlariyla yapilan ¢aligmalarda hemen hemen tiim NSCLC hiicre
hatlarinin farkli seviyelerde Mcl-1 proteinini eksprese ettigi belirlenmistir. CMV
promotoru ile eksprese edilen Mcl-1 ekspresyon vektorii ile transfekte edilmis
NSCLC hiicre hatlarinin kemoteropatik ajanlar ve EGFR TKI’leri ile olusturulan
apoptotik uyarilara karst direncgli hale geldigi gozlenmistir. NSCLC hiicre hatlarinin
Mcl-1 mRNA’sina spesifik olarak sentezlenmis olan antisens oligoniikleotidler ile
transfeksiyonu diger Bcl-2 ailesi liyesi proteinlerin ekspresyonunu etkilemeksizin
Mcl-1 protein ekspresyonunu baskiladigi ve bu hiicrelerde kaspaz aktivitesinin
artmasmma neden oldugu gosterilmistir. Mcl-1 antisens oligontikleotidleri ile
transfekte edilmis NSCLC hiicre hatlarinin NSCLC tedavisinde kullanilan
kemoterdpatik ajanlar tarafindan olusturulan apoptotik uyarilara kars1 daha duyarh
hale geldigi gozlenmistir (48).

Bcl-2 ailesi inhibitorii olarak gelistirilen kiigiik molekiillerden birisi de GX15-
070 olup, antiapoptotik Bcl-2 ailesi iiyelerine baglanarak bu proteinlerin
proapoptotik Bcl-2 ailesi tiyelerine baglanmalarini engellemektedir. Bu etki
sonucunda apoptotik Bcl-2 ailesi iiyeleri aktive olarak sitokrom c’nin salinimini
saglayarak apoptozu indiiklemektedirler. EGFR tirozin kinaz domaini mutasyonuna
sahip NSCLC hiicre hatlarinin EGFR TKTI’leri ve GX15-070 ile birlikte muamele
edilmesi hiicresel apoptoz oranini arttirmaktadir (84). NSCLC’da siklikla aktive
oldugu bilinen STAT proteinlerini hedefleyen G-quartet oligoniikleotidler de
NSCLC tedavisinde kullanilmak iizere gelistirilmeye ¢alisilan bir diger yaklagimdir.
NSCLC tiimorii bulunan nude mice’da G-quartet oligoniikleotidlerin uygulanmasi
sonucunda selektif olarak STAT3 aktivitesinin inhibe edildigi ve bunun sonucunda
STAT3 araciligr ile eksprese edilen Mcl-1’1 de igeren genlerin ekspresyonunun
baskilandig1 ve bdylece apoptozun arttigi gosterilmistir (85). Yapilan bir diger
calismada da NSCLC  hiicre hatlarimin  STAT3  spesifik ¢ift zincirli
oligodeoksiniikleotidler ile muamele edilmesinin hiicrelerde spesifik olarak Mcl-1
protein ekspresyonunu baskiladigi ve apoptozu uyardigi belirlenmistir (31).
Calismamizda NSCLC tanili hastalarin primer tiimor dokularinin % 30’unda Mcl-1
ekspresyon artist gozlenmistir. Evrelere gore Mcl-1 ekspresyon seviyeleri
degerlendirildiginde evre 2 NSCLC ‘de Mcl-1 ekspresyonunda artig goriilme
sikliginin evre 1 olgulardan daha yiiksek oldugu belirlenmistir. Yapilan literatiir
taramasinda Mcl-1 proteininin evreler ile iligskisini gdsteren herhangi bir yayina
rastlanmamistir.  Calismamiz ~ kapsaminda  ancak  smurlt  sayida  olgu
degerlendirilebildigi i¢in Mcl-1 proteininin, hastalifin progresyonu ile iligkisinin
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belirlenebilmesi amaciyla daha fazla c¢alisma yapilmasi  gerekmektedir.
Calismamizda EGFR ekspresyonunda artis gozlenen 21 olgunun 6’sinda, aym
zamanda Mcl-1 ekspresyonunda azalma da belirlenmistir. Bu bulgu, smirli sayida
ornekte elde edilmis olsada, EGFR protein ekspresyonu artmis olan olgularda Mcl-1
proteininin de ekspresyonundaki artisin EGFR TKTI’leri ile olusturulan apoptotik
uyarilarin etkisini azaltabilecegi seklinde yorumlanabilir. Bu nedenle EGFR TKI’ler
ile birlikte STAT vyolagt ve Mcl-1 ekspresyonunun baskilanmasima yonelik
yaklagimlarin tedavi basarisini artirabilecegini diisiindiirmektedir.

Sonug olarak Tirkiye’de ilk kez yapilan bu ¢aligmada kiiciik hiicreli olmayan
akciger kanserli olgularda EGFR geninde mutasyon oranit % 4, EGFR proteininde
ekspresyon artis orani ise % 46 olarak belirlenmistir. Ayrica bu ¢alisma ile EGFR
ekspresyonunda artis gozlenen primer NSCLC tiimér dokularinda ayni zamanda
PTEN proteini ekspresyon kaybi veya Mcl-1 proteini ekspresyon artisinin da
gozlenebilecegi belirlenmistir. Bu bulgular 1518inda daha fazla sayida materyal ve
farkli merkezlerde yapilacak c¢alismalarla bu proteinlerin interaksiyonlarinin
molekiiler mekanizmasinin aydinlatilmasina ve buna paralel olarak yeni biyolojik
ajanlarin gelistirilmesine olanak saglanabilecektir.
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Tablo 5.1. NSCLC’li olgularda EGFR mutasyonlarinin sikligini bildiren yayinlar ve EGFR geni TK

domain mutasyonlarinin toplumlara gore dagilimi.

REFERANS CALISILAN ULKE MUTASYON SIKLIGI
Paez J.G. 2004 Amerika birlesik devletleri %2
Japonya %28
Pao W 2004 Amerika birlesik devletleri %5
Kosaka T 2004 Japonya %40
Shigematsu H 2005 Japonlarda, %27
Tayvan, %34
ABD %14
Avustralya, %8
dogu asya %30
diger %8
Tokumo M 2005 Japonya %32
Sugio K 2005 Japonya %42.2
Murray S 2006 Yunanistan %12
Cek cumhuriyeti %30
Nakatani K 2006 japonya %27
Al-Kuraya K 2006 Suudi arabistan %2.9
Suzuki M 2006 Japonya %25.3
Ichilhara S 2006 Japonya %38.7
Bae NC 2007 Kore %17
Wu Li-Yong 2007 Cin %30
Han Sae-Won 2007 Kore %23.3
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Abstract

To assess the trends in the frequency and the medical effects of consanguinity in the south coast of
Turkish population using local and national data in the last 11 years. This cross-sectional study was
carried out in Manavgat province, which is a major tourism center on the Mediterranean coast of
Turkey. The authors studied consanguinecus marriages in rural and urban population in the Mediter-
ranean coast. Manavgat province, Turkey, via a 1500 random survey sample of married couples.
There has been a significant increase in the incidence of consanguineous marriages in rural areas
(40.7%) since 1989 in the southern population of Turkey. The results showed that the most frequent
type of marriage was between the first cousins. It is found that there is no statistically significant
difference between the consanguineous and non-consanguineous marriages in the different age
groups. The results were discussed on the basis of educational status, reasons for having consanguin-
eous marriages and the general medical effects as well as with the relation of congenital malforma-
tions. The custom of consanguineous unions in the Mediterranean population of Turkey is still
extremely high, and preventive measures should be done to decrease its frequency and associated
complications.
£ 2003 Elsevier SAS. All rights reserved.
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1. Introduction

Copsanguineous marriages not only have a greater risk of producing offspring which are
homozygous for a deleterions recessive gene, but also individuals with increased suscepti-
bility for polygenic or multifactorial diseases, sterility, stillbirths, spontaneous abortions,
child deaths, infant mortality, as well as congenital malformations [8,17.25].

The frequency of consanguineous marriages has decreased considerably over the past
few wyears, but such marriages are still very common in certain areas of the world.
Consanguineous marriages can be seen all over the different ethnic and religious groups to
a varying degree. Among Muslims, religious traditions are the least commonly cited reason
for such marriages and, in general, parents are the prime decision-makers for marriages of
both sons and daughters [12,15].

The screening of consanguineous marriages in Turkey was first conducted by Sayh in
1969 and still constitutes a major problem in Turkey and other investigations are summa-
rized in Table 1. These studies indicate that the frequency of consanguineous marriages
ranged from 11.5% to 46% overall in the eastern part and that the ratio decreased to 11.7%
in the western parts of the country [5,22] which is shown in Fig. 1. Studies on the
prevalence of consanguinity in Antalya region, Mediterranean coast, were initiated by Giiz
in 1989, The total was found to be 35.2%, while 39.4% in the rural and 28.3% in the urban
areas were observed recently [10].

We, therefore, decided to establish the ratio and the factors involved in consanguineous
marriages in Manavgat, near Antalya, which is a major tourism center on the Mediterranean
coast of Turkey. We were expecting to find a low level of prevalence of consanguinity in this
region, because of a high level of economic development as well as increasing level of
urbanization. We also compared the importance of the subject in terms of health education
and health care.

2. Materials and methods

This cross-sectional study was carried out in Manavgat province on the Mediterranean
coast of Turkey (near Antalya), which had a total population of 78,635 in 2001, There were
a total of 26,931 unmarried and married women between the ages of 20 and 44 in
Manavgat, according to the Manavgat Health Center records. For the selection of samples,
the cluster-sampling method was used to achieve statistically significant data [6]. Based on
calculations, the rate of homogeneity (roh) value was 0.3, the design effect was 5.2 and the
standard deviation was 0,03, Each cluster consisted of |5 households. The P value was
taken as 35% due to the previous consanguinity screening study in Antalya by Giiz, in 1989,
A total of 15300 urban and rural married women were selected. Those who were born in
Manavgat were included in the study, and were interviewed by one of the authors at
woman's home. During each home visit, a questionnaire was completed, which included
age, level of education, relation with husband. reasons for marriage with a relative
reproductive performance, outcome of pregnancy, child deaths and congenital malforma-
tions among living and dead children. Rural areas are defined as regions of farming where
villages are present. urban areas are the centers or parts of cities. During the survey: a total
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Table |
Consanguinity screeming rescarch resalts in Turkey
Year Author Regions of Turkey MNumber of families Percent of consanguinity
1960 Sayh Ankara 762 27.8
Oirdu 163 274
Sivas 202 34
Turkey 1000 284
1972 Bagaran Ankara 507 26.1
Diyarbakir 2110 KN
Oither 620 3010
Turkey 3327 33.8
1973 Bagaran Divarbakar 400 34.3
1933 Bagaran Ankara 642 28.04
Diyarbakir 11,194 3502
Ezskigehir 14,584 16,32
Turkey 26,420 24.53
1983 Sayh Ankara S000 3124
1923 Sezgin Izmir 10,857 13.77
1085 Budak Diyarbakir 458 460
1087 Ulusoy West 2,681,990 I1.55
Tunghilek South 097 640 3102
Mhddle 1830060 2500
Morth 935450 2301
East 416880 3408
Turkey T.872,120 2306
1028 iz Antalya 2604 352
Bagaran Turkey 56,664 21.25
1900 Ozdemir Sivas 26.42
1992 Tiimerdem Istanbul 4240 1545
Baki Trabzon 000 20.0
1993 Kihgarslan Sivas T23 2752
1005 Dz an Sivas 1 000 23.5
1997 Dhemirel Konva 1120 232
1998 Simgek Denizli 1 000 1.7

of 17 individuals did not answer the questions which had no significant effect on the results.
In this study, marriages were classified into three groups; first cousin marriages (children of
parent), other consanguinity (half-first and the second degree cousins, distant consanguin-
eous marriages, if known) and non-consanguineous marriages. The data were hand coded
and processed by an IBM computer using Epilnfo version 5.0 and SPSS statistical
programs. Chi square test and Student's i-test were used to test the significance of the
results.

3. Results

The results showed that for Manavgat, Turkey, the overall frequency of consanguinity
was 24.2% in urban, and 40.7% in rural areas, and the total rate of consanguinity was found
to be 33.9% (Table 2). The most frequent consanguinity type was first cousins: which was
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Fig. |. General frequency of consanguinecus marriages all over the Turkish population, betwesn the period of
1969 and 1999,

about 15.7% in the rural areas. This was followed by other consanguinities (25.0%) and
non-consanguineous marriages (39.3%) ). The frequency of consanguinity in the urban areas
was much lower than that of the rural areas. According to the survey, married women
included in the study fall into five age groups which are shown in Table 3. Our data show
that there is no statistically significant difference between the consanguineous and non-
consanguineous marriages in the different age groups. Younger women married their

Table 2
Mumber and frequency of consanguinesus marriages according to regions
Region First Percent  Other Percent  Monconzanguinecus, Percent  Total,
cousin, CONSanguine ous, n n i)
n "
Urban 53 8.6 06 15.6 467 T5.8 661 (41.0)
Fural 139 157 221 25.0 524 5003 B4 (58.0)
Total 192 12.8 37 21.1 991 6.1 15000 (100,07

FE=44.20, F = 00000000

Table 3
Frequency of consanguinity among different age groups of women
Age First cousin, Other consanguineous Mon-consanguine cus Tatal,

n i) marriages, n (%) marriages, ® (%) n %)
20-24 210124 300250 106 {545 169 {11.3)
25-29 3Tl 69 (22.3) 204 (65.8) 31020.7)
30-34 42(13.0) 63 (19.6) 217 {67.4) 3220215
35-39 420124 64 (15.9) 235(68.T) A30{22.6)
4044 S0(13.m B2(22.3) 23R {633 360 (24,00
Total 192 (12.8) T 2L 991 (6a. 1) 1500 (100.0)

¥ =27, P =0.605.
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relatives just as much as older women did. This also implies that there were no differences
in marriage customs during the last 28 years.

On the basis of educational status, our data showed that consanguinecus marriages
decreased among women with secondary or higher education and was significantly in-
creased in woman with only primary education and were illiterates (Table 4.

The underlying causes of inbreeding are summarized in Table 5. Family pressure was
determined as the second main factor in both urban and rural areas of this region.

Based on the survey, reproductive behavior among women in consanguineous (first
cousin) and non-consanguineous marriages was compared and is shown in Table 6. The
average pregnancies per mother in consanguinecus and non-consanguineous marriages
were 2.89 + 117 and 2.44 = 116, respectively (f = 5.00, P = 0.000). There were no
differences in the mean numbers of spontaneous abortions and stillbirths between the two
groups. As can be seen in Table 7, the congenital malformation rate in consanguineous
Table 4

Frequency of consanguinity according to educational level

Educational level {year) Consanguincous marnages, Mon-consanguincous Tatal,

ni%) marriages, ® (%) n (%)
Mone TEi39.4) 120 {60.6) 198 {13.2)
<5 388 (36.a) 672 (63.4) 1060 (7073
g 14 (20007 56 (80.0) T04T)
011 = 26018.1) 118 {31.9) 144 (9.6
E 3010.7) 25(89.3) B (LE)
Total 509 (33.9) 991 {66.1) LS00 ¢ 10000y

P = 000000047, 7°=34.00,
P = 0.00083, =670,
tP=00116, =801

Table 5
Underlying cavses of consanguinity in rural and urban areas of Manavgat
Reasons for marnage with a relative Urban, w (%) Rural, » (%) Total, m (%)
Econcmic 1 0.7y 2(0.5) 3(0.E)
Family pressure 63 (42.8) Q0251 152 (30.2)
Lowe TT 5200 267 (T4.4) 3 (67.8)
Other causes Tid4.T 0 0.0y Til4)
Total 148 {202} A50 (T0.8) SOT { 100,10
Table &
Medical effects of consanguinity
First cousin, Other Non-consanguinecus  Total,
m S CONSANEUINeOUs  Marriages, mis.D)
marriages, m (51
m(5.0.)
Mumber of pregnancies 2.900(1.80) 2E9(1.69) 24401.61) 2.60(1.66)
Number of live births 249 (1.54) 23B(L3T) 204 (1.27) 21T (L2
Spontane cus abortions 035 (1.00) 0.4201.02) 0.3701.17) 038 (1.13)
Number of stllbirths 0,06 (0.26) 0,09 (0.0 0.51 (0.29) 0.06 (031

m stands for mean value, 5.1, stands for standard deviation.
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Takle 7

Rate of congenital malformations mn all children born to the family in conzanguineous marnages
Presence of congenital Abzence of congenital
malformaticnz, n (%) malformations, n (%)

Consanguineous G011.8) 49 (28.2)

Meon-consanguineous 4514.5) Qda (05.5)

Total 105 (7.00 1395 (93.0)

¥ = 26,03, F = 00000003,

Table &

Main medical effects of conzanguinity

Percent

Mental retardation 15.3

Men-zyndromic deafness and speech disorders 14.3

Ophthalmic anomales 12.4

Multiple malformations 11.4

Cardiac anomalies 5.6

Hemoglobinopathies T.6

Others 0.4

Total 100.0

marriages was higher than that of the unrelated families. The types of congenital malfor-
mations are summarized in Table 5.

4. Discussion

Consanguineous marriages occurred among Muslims, Christians and Hindus to a vary-
ing degree within the sub-groups of each religion. Consanguineous unions are strongly
preferred in much of west and south Asia and also have both a social and an economic
impact in the population groups that practice this type of marriage [2.9,14,16,23,24].
Generally, it is widely favored in a large majority of the world’s Islamic populations, like
Pakistan, India. Ninety-nine percent of the Turkish population is Muslim, and Islam in
Turkey is a much gentler religion when compared to other Muslim countries.

Turkey, Anatolia, is a sort of gravitational center between the west and east, a point of
junction between continental Europe and Afro-Asian continent. Anatolia is composed of
mainly four regions, each region having different traditions and family structure. These
have strong influences on the prevalence of inbreeding in Turkey [11.12.22]. Up to date,
various factors are found to be main reasons for having high incidence of consanguineous
marriages in Turkey.

The general rate of frequency on consanguinity ranges from 11.5% to 46% in the
Turkish population (Fig. 1. Although consanguineous marriage is widespread, it is par-
ticularly common in the eastern and south eastern regions, depending on various factors
such as sociceconomic status, and strong conservative traditional influence and origin
{unpublished observation) [7.12]. Reports to date indicate that the prevalence of consan-
guineous marriages is highest in eastern Anatolia (30—40%) when compared to the regions
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of western Anatolia (11-13%). Ulusoy and Tuncbilek [22] have estimated an 8.3% reduc-
tion between the years in 1968 and 1982 in the overall consanguinity rates in the Turkish
population [6,21]. In both surveys, the prevalence of consanguineous unions appeared to be
unchanged over the past 20-30 decades.

As apopulation characteristic of Turkey. most of its Mediterranean population had been
living in small, isolated villages for about 80 decades. Considerable migration began from
villages to big cities about 20 years ago. More interestingly, the Mediterranean population
of Turkey is under the influence of several factors including tourism, urbanization,
economy. farming, etc. As our survey is carried out in Manavgat, Antalva, a low prevalence
of consanguinity was expected towards the year 2000. Due to the previous data published
by Giiz in 1989, it was expected that increasing urbanization, tourism. higher levels of
education, modern trends and smaller families would help to decrease the level of consan-
guinity in Antalya [10]. Although this specific region is mainly under the influence of
development, a significant increase in the incidence of consanguineous marriages over the
yvears has been observed [3,10]. However, only few surveys were done to learn about the
impact of industrial development on consanguinity of the Turkish population. This ap-
proach is worth analyzing in Turkey. where industrialization was late in relation to other
eastern European countries. According to the records of the Turkish Institute of Population
Research Center (TIPRC), the migration to the Mediterranean coast was 2. 16% between
the period of 1990 and 2000. As Antalya is one of the rapidly growing cities in the
Mediterranean coast of Turkey when compared to overall population, the increase rate is
arcund 1.83%, in the same period. Our region, Manavgat province, underwent industrial
and tourist development earlier than other Mediterranean regions. It has the highest density
of population and cccupied a central position geographically. As the consanguinity rate is
significantly high, the disadvantages of the consanguineous marriages will be understood
by time. and the economic progress still has no effect in these social areas. unless it will be
seen in the future generations (unpublished observation).

There was no difference in the frequency of consanguineous marriages among the
20—44-year-old women and their number of pregnancies. The traditional customs did not
change over the past years and there was no effect on the consanguineous marriages. Cur
data correlate with the findings of Giiz. in Antalya and other studies in the Turkish
population [3,7,10]. However, in Pakistan, which is a well-studied Muslim country, con-
sanguineous marriages were found to be more frequent at ages below 18 and having higher
number of pregnancies, also reported a higher mean number of children, which correlates
with some of the investigations in the Turkish population [15,19].

Consanguineous unions were more common among women who are illiterate or had
only primary level education, or living in rural areas and whose parents were also consan-
guineous. Our study shows that the consanguinity level significantly decreases among
women with secondary education and among university graduates. Our resulls are con-
firmed by other studies previously performed in the Turkish population [3.7,19] and
strongly correlates with other Muslim countries survey resulis [14,16.23]. Maternal educa-
tion is strongly associated with increase in maternal age and also one of the major
determinants for the future of inbreeding in most of the populations.

Up to date, population specific national surveys showed that various factors are playing
a role in copsanguineous unions. One of the main factors is the lack of suitable mates
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outside the family. This is due to geographical localization like in rural areas, or cultural
isolation, so that marriage to a relative may be the only possibility. Most of the consanguin-
eous couples more frequently lived in smaller towns and in an extended family environ-
ment. Another important reason is the preservation of property, especially land, and the
desire to keep it within the family. A third reason is the popular belief that intra-familial
marriage offers advantages in terms of compatibility of the bride with her husband’s family,
where the bride finds it reassuring to marry into a known family background. Family
pressure and falling in love are the major reasons stated for consanguinity in our study.
Family pressure indicates a coercion by parents to marry relatives so that property is kept
within the family. which may be mainly correlated with the economical status. Findings
suggest that consanguinity is a social concern for the well being of the family and daughter.
Economic factors may be more prevalent in rural areas.

The main risk of non-random marriages, which increases with the degree of consanguin-
ity, is the expression in the offspring of various autosomal recessive disorders. This occurs
because both parents may be carriers of the same deleterious gene. As a result, such
marriages have a significant implication for recessive diseases, congenital malformations
and decreased reproductivity. They also have both a social and an economic impact in the
population groups that practice this type of marriage [17]. With regard to the effect of
consanguinity on reproductivity, the findings are conflicting. Several authors have reported
a significant increase in sterility and in the rate of abortions, stillbirths, perinatal losses and
neonatal deaths in consanguineous families both in Turkey and other Muslim countries
[3.4,11,13.20]. Whereas, others have found that consanguinity had either no or only a
slight, not statistically significant, effect on these parameters. Therefore, our results are
similar with one of the national surveys which was held in one of the closest cities in the
Mediterranean coast [ 7]. Differences might be caused by misunderstanding by the mothers
of the definitions in the questionnaire independent of maternal education. Although the
effect of consanguinity on past reproductive wastage was not found to be significant, it was
definitely associated with increased incidence of congenital malformations. The significant
association has also been described from other parts of the Muslim world [1,2.13]. Several
studies have shown that the rate of congenital malformations among the offspring of
consanguineous marriages is approximately 2.5 times higher than that among the off-
springs of unrelated parents. A similar rate (2.6) was observed in our study [ 18] iTable &),
The malformations which have been found to be common are as follows: cardiovascular,
those relating to central nervous system, ophthalmic, urogenital, gastrointestinal, skeletal,
cutaneous abnormalities and also multiple malformations [4].

In our survey. we found that the rate of hemoglobinopathies at 7.60% for thalassemia,
0.90% for the carriers of sickle cell anemia and 14.3% for non-syndromic deafness and
speech disorders (Table 7). Somewhat conflicting results were obtained in relation to
reproductive wastage. but the overall picture suggested that it has a significant relationship
with the occurrence of various congenital malformations and developmental disorders. As
this 15 a high ratio for Manavgat, we believe that a genetic screening program for carriers is
critical. This should allow for premarital and prenatal testing, provide prenatal and genetic
counselling services, and educate as many young people as possible. There were some
restrictions in our study which may affect the results. The survey was carried out using a
pre-structured questionnaire, distorted answers to questions, such as not telling the truth
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about having a child with mental retardation and similar others. Moreover, medical records
of families in Health centers of Manavgat province were not available to include in our
study.

In conclusion, consanguineous marriages may be considered as an indicator of tradi-
tional behaviors, and are mostly practised among people who marry at a younger age and
with lower educational level. As the consanguinity distribution is not homogenous all over
the country, the relative carrier frequency of recessive genes is expected to be higher in the
southern and the eastern parts of Turkish population. All health workers, professionals, as
well as family members should be aware of the dangers, and try to reduce the burden of
consanguinity.
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M-FISH APPLICATIONS IN CLINICAL GENETICS

BY Z. GETIN', S. BERKER KARAUZUM', S. YAKUT', E. MIHGI*, A. BAUMER®,
E. WEY®,S. TACOY*, G. BAGCI' AND G. LULECI'

Summary: M-FISH applications in clinical genetics: Until recently, presence of de novo marker or derivative
chromosomes was quite problematic for genetic counseling especially in prenatal diagnosis, because charac-
terization of marker and derivative chromosomes by conventional cytogenetic lechniques was nearly impossi-
ble. However, recently developed molecular cytogenetic technique named Multicolor Fluorescence In Situ
Hybridization (M-FISH) which paints all human chromosomes in 24 different colors allows us to characterize
marker and derivative chromosomes in a single hybridization. In this study, we applied M-FISH to determine the
origin of 3 marker and 3 derivative chromosomes. Marker chromosomes were found to originate from chromo-
some 15 in two postnatal and one prenatal case. Of these, one of the postnatal cases displayed clinical findings
of inv dup (15) syndrome and the other of infertility, and the prenatal case went through amniocentesis due to
the triple test results. Karyotypes of the patients with derivative chromosomes were designated as 46,XY,der
(21)4(1:21)(q32;p11), 46 XX.der(8)t(8;9)(p23:p22) and 46.XX.der(18)1(18:20)(q32:p11.2) according to
cytogenetic and M-FISH studies. All of the M-FISH results were confirmed with locus specific or whole chro-
mosome painting probes. The case with der (8)1(8:9) had trisomy 9(p22-pter) and monosomy 8(p23-pter) due
to this derivative chromosome. The case with der(18)t(18:20) had trisomy 20(p11.2-pter) and monosomy
18(q32-qter). Parental origins of the derivative chromosomes were analyzed using microsatellite markers
located In the trisomic chromosomal segments, Patients’ clinical findings were compared with the literature.

Key-Words : Marker chromosomes - Derivative chromosomes - M-FISH - Parental origin.

|INTRODUCTION

Marker chromosomes can originate from any chromosome and a
majority originate from acrocentric chromosomes, especially from
chromosomes 15 and 22 (18, 20). Because of the great variety and a
scarcity of the marker chromosomes derived from some of the chromo-
somes, there are few well established karyotype-phenotype correla-
tions including Cat Eye syndrome, Pallister Killian syndrome, i(18p) and
inv dup (15) syndromes (2, 4, 28). De novo marker and derivative chro-
mosomes represent major diagnostic and counseling problems in clini-

cal genetics because their chromosomal origins can not be identified
using conventional banding techniques (19).

Development of molecular cytogenetic techniques based on Fluores-
cence In Situ Hybridization (FISH) allowed detection of the origins and
genetic contents of marker chromosomes. Several marker chromo-
somes were characterized by FISH studies using panels of whole chro-
mosome painting (WCP) or centromere specific probes and reverse
chromosome painting which are time and material consuming (28).
Recently developed multicolor karyotyping (M-FISH), a technique based
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on the combinatorially labeling of the chromosome specific probes with
five different fluorophores, provides simultaneous detection of the 24
human chromosomes in different colors (14). Therefore, M-FISH has
enabled the rapid identification of complex karyotypes, marker and deri-
vative chromosomes in different cell types in a single hybridization (31).

The goals of this study were identification of chromosomal origins of
marker and derivative chromosomes of 6 cases found to have marker or
derivative chromosomes during routine cytogenetic studies and to eva-
luate karyotype and phenotype correlations in these cases. Also, by
determining the allelic origins of the trisomic segments we tried to find
out a possible specifity for parental origins and mechanisms of forma-
tion of the derivative chromosomes.

| MATERIALS AND METHODS
CYTOGENETIC STUDIES

Patients’ metaphase spreads were prepared either from short-term
phytohemagglutinin-stimulated lymphocyte cultures or amniocyte cul-
tures. Metaphase chromosomes were banded with GTG. Twenty and 100
GTG banded metaphases were analyzed in cases with derivative and
marker chromosomes respectively. C-banding and NOR-banding were
performed according to the standard protocoles Lo the metaphase chro-
mosomes of the patients carrying marker chromosomes. Parental
karyotypes were also analyzed with GTG-banding.

M-FISH STUDIES

M-FISH studies were performed to detect the origins of the markers
and additional materials on the derivative chromosomes using spec-
travision assay probe mix (Vysis) according to manufacturer’s instruc-
tions. Images were recorded using a Zeiss Axioplan epifluorescence
microscope equipped with a CCD camera (Pholometrics Sensys) and
analysed using PowerGene M-FISH software (Applied Imaging). Al least
10 metaphases were analyzed for each case.

FISH STUDIES WITH WHOLE CHROMOSOME PAINTING
AND LOCUS SPECIFIC PROBES

FISH analysis using chromosome painting probes specific to the
chromosomes 1, 9, 15 and 20 (Vysis) and PWS/AS locus specific probes
(Vysis) were performed according to manufacturer’s instructions.
Images were recorded using a Zeiss Axioplan epifluorescence micro-
scope equipped with a CCD camera (Photometrics Sensys) and analysed
using MacProbe v 4.3 software. At least 10 metaphases were analyzed
for each case.
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MICROSATELLITE ANALYSIS

Genomic DNAs of patients 4, 5 and 6 were isolated from blood by
salting-out procedure (27). Microsatellite markers used in parental
origin analyses were; D18102, D18205, D1§1609, D151656, D9S132,
DOS144, DIS156, DOS167, DIS162, DOS168, DIS199, DIS269,
D9S286, DIS288, D20827, D20S40, D20S48, D20S56, D20S59,
D20S66, D20S194, D20S917. Between 200-500 ng of DNA were
amplified in a volume 25 plt. The amplification was performed with 35
cycles of 30 seconds at 94° C, 45 seconds at 55-60° C for annealing and
one minute at 72° C for extension. The products were mixed with urea
loading buffer and loaded on a 6% polyacrylamide gel and visualized by
silver staining.

' CLINICAL REPORTS AND RESULTS

Ages, parental ages and karyotypes, and clinical findings of the
patients are shown in Table [. Results of cytogenetic, M-FISH and other
FISH studies are shown in Table [1. Results of the microsatellite DNA
marker analyses are shown in Table [11.

Table I: Summary of age, parental ages and karyotypes and clinical lindings.

Case N* Age Maternal Age | Paternal Age I(]::;?J]:yl:]e m

1 1 40 39 Normal MR, hypotonia,seizures

2 Fetus 40 39 Normal High triple test result

3 39 60 64 Normal Infertility

| 8 months 22 28 Normal MCA

] 8 44 42 Normal MCA

6 5 2 23 Normal MCA

MR: Mental Retardation, MCA : Multiple Congenital Anomaly,
Table I1: Results of cytogenetic, M-FISH and other FISH studies.
Case No | Karyotypes V-FISH results | Other Final Karyotypes
FISH Studies

| 47, XY, +mar[100] 47, XY, +mar(15) | WeP-15 (+) 47.XY. 1qh+, +inv dup(15)(pter;q12)
| PWS/AS (+)

2 47, XX, +mar[100] 47, XX, +mar{15) | WCP-15 (+) 47, XX, +inv dup(15)(pter:q11)
| PWS/AS(-)

3 47, XY, +mar([100] 47, XY, +mar(15) ' WCP-15 (+) 47, XY, +der(15)(p11;q11)

4 46, XY, add(21)(p11) [20] | 46, XY, der(21)1(1;21) [ WCP-1(+) 46, XY, der(21)6(1:21)(q32:p11)

5 46, XX, add(8)(p23) [20] | 46, XX.der(8)u(8:9) | WCP-9(+) 46, XX, der(B)1(8;9)(p23:p22)

f 46, XX, add(18)(q32) [20] | 46, XX, der(18)1(18,20) l WCP-20 (+) 46, XX, der (18)1(18:20)(q32:p11.2)
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Table 11 : Microsatellite DNA marker analyse results of the cases 4, 5 and 6,

46, XX, der(B)L(8;9)(p23:p22) mat; 46, XX, der(18)1(18:20){q32:p11.2) pat: 46, XY, der(21)1(1:21)(q32:p11) mat

Marker M/PF Marker M/P/F Marker MPT
D9S144 ab/ ably be D20840 ab/bb/ ab D1S102 aa/ aal/ ab
DIS132 be/ ab/ ab D20848 b/ bl ab D15205 oo/ agd/ ab
D8S288 at/ oo/ be D20856 ce/ bbe/ ab D1S1609 al/bdde
D8S286 ac/ ac/ be D20559 ab/ab/ab |  DIS1656 be/ ably ab
D8S156 bl bl ab D20366 b bl ab
D9S199 ac/ be/ bb 0205194 abv agd/ od
D9S168 ab/ ab/ab D208917 aa/ aa aa
DOS260 bd/ bed/ ac D20527 ab/beg/ cc T
DBs157 bb/ alv ac
D9S162 b/ bl ab

M: Mother.

P: Patient. CASE 1

F- Father
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This case was born at term to a 40 years old mother and 39 years old
father. Patient's birth weight was 3.6 kg. He was the fourth child born to
unrelated parents. His one sister and two brothers died at 6, 10 and 2
months after delivery. He was evaluated at 8 months of age because of
muscular hypotonia, mental retardation, abnormal EEG, defect of urea
cycle, organic acidemia and seizures. His ultrasound screening did not
reveal any abnormalities.

CASE 2

Amniocenthesis was performed al 19 weeks of geslational age Lo a
30 years old pregnant woman referred for an increased serum screen
riskof 1: 264, Parents had a 7 years old, clinically normal son. Detailed
ultrasound screening was performed bul no fetal abnormality was
detected. Parents decided to continue the pregnancy and a healthy girl
was born at term.

Dicentric and bisatellited de novo marker chromosomes were observed
in case 1 and 2. Their karyotypes were designated as 47, XY, + mar. Marker
chromosomes were found (o be derived from chromosome 15 by M-FISH
analysis in both cases. These resulls were confirmed by FISH using WCP
15 probes. FISH studies with the SNRPN probe demonstrated the presence
of one copy of the Prader-Willi/Angelman region on marker chromosome in
case 1 whereas absence in case 2. Final karyotype of patient 1 was defined
as 47, XY, + 1gh+, +inv dup (15) (q12). Final karyotype of patient 2 was
designated as 47, XY, +inv dup (15) (q11).

CASE 3

This case was a 39 years old man, in good health and of normal intelli-
gence, Case ascertained because of infertility. Spermiogram resulls were
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found to be low (5-8 million/ml). Patient’s parents were first degree con-
sanguineous.

A monocentric and non-satellited, minute-like marker chromosome,
approximately the size of chromosome 21 short arm, was observed in all
of the patient’s lymphocytes. His karyotype was 47, XY, + mar. Cytoge-
netic analysis could not be performed Lo the parents of the patient. M-
FISH analysis showed that the marker chromosome was originated from
chromosome 15. This result was confirmed by WCP 15 probe and
patients karyotype was designated as 47, XY, +der (15)(p11:q11).

CASE 4

This case was the first child of the second degree consanguineous
parents. His mother and father were 22 and 28 years old respectively.
His birth weight was 2.2 kg. He was evaluated at 8 months of age
because of multiple congenital abnormalities including cleft palate,
micrognatia, cardiac anomaly, dermatoglific anomaly, agenesis of cor-
pus callosum, triangular face, large fontanels, hypoplasia of the cerebel-
lum and coloboma of the iris. He died at the age of 9 months.

Karyotype of patient 4 was described as 46, XY, add (21)(p11). Cyto-
genetic analysis of his parents revealed that this rearrangement was not
a translocation product. Analysis of the derivative chromosome by M-
FISH revealed that the additional material originated from chromosome
1 (Fig. 1). This finding was confirmed by using WCP probes specific for
chromosome 1. Final karyotype of the patient was designated as 46, XY,
der (21)t(1:21)(g32;:p11). Trisomic segment was found to be maternally
in the origin. Observation of the two different alleles one of which is more
intense from the other in microsatellite analysis indicated the postzy-
gotic formation mechanism in this case.

CASE 5

This case was born at term to a 36 years old mother and 34 years old
father. Her birth weight was 1800 g. She was referred to our hospital at
the age of 8. Patient's parents suffered from infertility and they under-
went IVF program. They got triplets by IVF, one of whom was our patient.
She had mental motor retardation, small stature, microcephaly, down-
slanting palpebral fissures, deep-sel eyes, high flat nasal bridge, hyper-
telorism, globular nose, down-turned mouth, highly arched palate, low-
sel ears with dysplastic helixes, single palmar crease, clinodactyly,
hypoplasia of nails and labia major hypoplasia (Fig. 2) (Table IV).
Patient’s sisters were clinically normal.

Additional material was observed on chromosome 8p of the patient’s
GTG banded metaphases. Her karyotype was designated as 46, XX, add
(8p) (22). Parents’ karyotypes were evaluated by GTG banding and found
to be normal. M-FISH analysis showed that this region was originated

Figure 2:
Patient 5 at age 6.
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Table IV:

Clinical Findings
Comparison of the clinical

of Case 5

Partial trisomy
9]]'

Partial monosomy
api -

findings of case 5 with

" Mental-motor retardation

partial trisomy 9p and

i Low birth weight
partial monosomy 8p

syndromes. Small stature

Behavioral problems

Microcephaly

+
+ 4|+ |+ +

Down-slanting palpebral lissures

Deep-set eyes

High Mal nasal bridge

Hypertelorism

Globular nose

Down-turned mouth

Highly arched palate

Prominent low-set ears

Dysplastic helixes

+
+|+]+

Single palmar crease

Clinodactyly

Hypoplasia of nails

Labia major hypoplasia

* Based on data reported by Fujimoto et al. (16).
** Based on data reported by Hutchinson et al. (21) and Digilio et al. (12).

Figure 4: D95269 microsatellite marker analyse results
of patient 5. (M: Mother, C: Child, F: Father).

from chromosome 9 (Fig. 3). This finding was
confirmed by using WCP probes specific for
chromosome 9. According to M-FISH and FISH
results, her final karyotype was defined as
46 XX,der(8)1(8;9)(p23: p22). This de novo
derivative chromosome was maternal in the
origin (Fig. 4). Observation of three different
alleles, two maternal and one paternal, in
microsatellite analysis indicated the prezy-
gotic origin in this case.

CASE 6

Her mother and father were 21 and 23
years of age. Her birth weight was normal. This
case was referred to our hospital at the age of
five. She had multiple congenital anomalies
including mental retardation, poor speech and
motor coordination, developmental delay, coarse

and sparse hair, frontal bossing, round face, prominent occiput, large
nasal bridge, hypertelorism, epicanthic folds, right nasal ductal canal
stenosis with chronic dacryocystitis, pseudostrabismus, moderately
large dysplastic ears. dental anomalies, short neck, clinodactyly, bila-
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teral partial syndactyly of toes, pes planus, wide gap between first and
second toes, partial dysgenesis of corpus callosum and cerebral atrophy

Clinical Findings
of Case 6

Partial monosomy

18q**

Poor speech and motor coordination

Developmental delay

TR

Psychomotor retardation

1
]

Coarse hair

Frontal bossing

Round face with prominent cheeks

Prominent occiput

Large nasal bridge

*

Hypertelorism

g

Epicanthic lolds

g

Nasal ductal canal stenosis
and dacryocystitis

Strabismus

Large dysplastic ears

Dental anomalies

Short neck

Clinodactyly

Bilateral partial syndactyly of toes

Pes planus

Gap between 1" and 2" toes

Partial dysgenesis of corpus
callosum

Cerebral atrophy

* Based on data reported by Oppenheimer et al. (30) and Sidwell et al. (32).
** Based on data reported by Cody et al. (9), Silverman et al. (33) and Kline et al. (22).

Figure 5:
Patient 6 al age 5.

Table V:

Comparison of the clinical
findings of case 6 with the
partial trisomy 20p and
partial monosomy 18q
syndromes.
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Figure 1
M-FISH karyotype of
patient 4 with

der(21)t(1:21)(q32:p11)

Figure 3:

M-FISH karyotype of
patient 5 with
der(8)L(8:9)(p23;p22).

Figure 6 ;

M-FISH karyotype of
patient 6 with
der(18)1(18:20)(q32;p11.2).

264
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Additional material was found on the long arm of chromosome 18 by
GTG-banding. Parental karyotypes were evaluated by GTG banding and
found normal. The origin of the additional material was detected as
chromosome 20 by M-FISH (Fig. 6). This finding was confirmed by using
WCP probe specific for chromosome 20. Her final karyotype was defined
as 46, XX, der(18)t(18;20)(q32;p11.2). Parental origin of the derivative
chromosome was paternal in this case.

'DISCUSSION

Characterization of the marker and de novo derivative chromosomes
is nearly impossible by conventional cytogenetic techniques. Introduc-
tion of molecular cytogenetic techniques (FISH studies) has allowed
characterization of these chromosomal aberrations. Especially M-FISH
allows karyotype-phenotype correlations via reflecting euchromatin
content of marker chromosomes, because genetically inactive constitu-
tive heterochromatin regions suppressed by unlabeled Cot-1 DNA
probes in probe mix (23). The majority (80%) of the marker chromo-
somes was found to be derived from acrocentric chomosomes especially
chromosomes 15 and 22 (18, 20). FISH studies have shown that half of
them are derived from chromosome 15 and observed frequently as inv
dup (15)(pter-q11-13::q11-13-pter) chromosomes (6, 10). In this study,
marker chromosomes of the patients 1, 2 and 3 were found to be derived
from chromosome 15.

Clinical findings of case 1, who had marker chromosome containing
the PWS/AS locus were concordant with the inv dup (15) syndrome.
Marker chromosome of the case 2 did not contain the PWS/AS locus but
some euchromatin belonging to the proximal 15q. Half of the patients
with such marker chromosomes, may have mental retardation (1, 4,
37). Genetic counseling was given 1o the family, and the family decided
to continue the pregnancy. Clinical examination at 7 months of age
showed no physical abnormality but it could not be determined that
mental development is normal or not at this time.

Patient 3 had a nonsatellited, monocentric, chromosome 15 derived
marker chromosome. This case was investigated because of infertility.
There are several reports of male infertility associated with marker
chromosomes derived from chromosome 15 (11, 25, 37). It has been pro-
posed the reproductive failure in these cases could be the result of the
elevated NOR activity, increase in constitutive heterochromatin or dis-
turbing normal disjunction at meiosis (11, 17, 26). Taking into conside-
ration the literature presented above, we can speculate that the marker
chromosome observed in this case may be the cause of infertility.

Patient 4 had partial trisomy 1 (q32-qter). To date only 8 cases with
pure partial trisomy 1q32-qter have been published (7, 8, 13, 15, 24, 34).
To our knowledge, this is the first report of nearly pure partial trisomy
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1(q32-qgter) due to de novo unbalanced translocation. Clinical findings of
this patient which were consistent with clinical findings observed in other
partial trisomy 1032 cases were : low birth weight, agenesis of corpus cal-
losum, cleft palate, large anterior fontanel, prominent forehead, ocular
anomalies, micrognathia, simian creases, congenital heart disease, peri-
natal death, developmental delay and growth retardation (29).

In this study patient 5 had trisomy 9 (p22-pter) and monosomy
8(p23-pter). Her clinical findings composed of clinical findings of par-
tial trisomy 9p and partial monosomy 8p (12, 16, 21). Ausems et al.,
have reported a patient with partial trisomy 9p and concominant partial
monosomy 8p (3). Both their case and our case had phenotypes com-
patible with the partial trisomy 9p syndrome. In addition, both of the
cases had genitourinary abnormalities and high arched palate which
are characteristic features of 8p terminal deletions. The phenotype of
our case suggests that partial deletion of 8p has a minor effect on phe-
notype in patients with partial trisomy 9p. Tsezou et al., have reported
that there was no difference between clinical findings of a maternal and
a paternal 9p trisomy cases (36). As a result, size and parental origins
of the trisomic segment and small deletions of other chromosomes have
minor or no effects on clinical findings of trisomy 9p syndrome patients.

Patient 6 had trisomy 20(p11.2-pter) and monosomy 18(g32-qter).
Her clinical picture was composed of clinical findings of partial trisomy
20p and partial monosomy 18q (9, 22, 30, 32, 33). Most of the clinical
findings of this case belongs to trisomy 20p syndrome. It may be associa-
ted with large duplicated material versus small monosomy 18q segment
or other factors cause of not all patients with this deletion had the clini-
cal findings (35). In our case partial dysgenesis of corpus callosum, cere-
bral atrophy, large nasal bridge, gap between 1" and 2" toes and pes
planus were attributable to monosomy 18(q32-qter). Previous studies
have suggested that the existence of the gene/genes can be responsible
for the development of the brain structures in distal 18q (22). Agenesis
of the corpus callosum is one of the clinical findings of distal 18q deletion
(5, 38). Prominent occiput, frontal bossing, nasal ductal canal stenosis
and dacriocystitis traits are not the main clinical findings of either tri-
somy 20p or monosomy 18q and may be the consequence of the coexis-
tence of this alterations together. To our knowledge this is the first report
of a patient with trisomy 20 (p11.2-pter) and monosomy 18 (q32-qter)
simultaneously. Also there is no report about the effect of the parental
origin of partial trisomy 20p on phenotypic variations observed in partial
trisomy 20p cases.

As a result, M-FISH is an important technique allowing the characte-
rization of marker and derivative chromosomes rapidly and accurately.
Identification of marker and derivative chromosomes using M-FISH
resulted in a better karyotype-phenotype correlation, to overcome genetic
counseling problems faced in clinical genetics and to detect new partial
trisomy and/or partial monosomy syndromes and disease related genes.
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NOVEL CYTOGENETIC FINDINGS REVEALED BY CONVENTIONAL
CYTOGENETIC AND FISH ANALYSES IN LEUKAEMIA PATIENTS
S.B. Karauzum, T, Bilgen’, I. Karadogan®, S. Yakut', Z. Cetin’, A. Ugur’, G. Luleci'

'Department of Medical Biology and Genetics, Faculty of Medicine, Akdeniz University, Antalya, Turkey
’Department of Internal Medicine and Haematology, Faculty of Medicine, Akdeniz University, Antalya, Turkey

Afm: To deseribe novel cytogenetic findings in four leukaemia patients. Methods: Conventional cytogenetic (CC) and fluorescence in sifu
hybridization (FISH) analyses were performed on bone marrow samples of four leukaemia patients. Results: In this study, t(3;10)(q11:q25)
and 1(2;22)(p21;q11.2) were detected as novel translocations. t(8;16;21)(q22.1;913:q22) and t(1:6;9;22)(p36.1;p21.3;q34;q1 1) were
found as variant translocations, and these variant translocations were confirmed by Interphase-FISH and Multicolour-FISH. Conclu-
sion: Newly identified cytogenetic findings can lead us to characterize cytogenetic evolution of the haematological malignancies. Further
investigations are certainly warranted to resolve the prognostic impact of these new cytogenetic abnormalities.

Key Words: haematological malignancies, conventional cytogenetics, FISH, new chromosomal abnormalities.

Conventional cytogenetics (CC) and fluorescence
in situ hybridization (FISH) techniques are widely
used for detection of cytogenetic anomalies, which
play an important role in diagnosis of malignant hae-
matological diseases, and are independent predic-
tors of disease progression and survival [1]. Many
chromosomal abnormalities, especially transloca-
tions and inversions have been commonly shown to
result in formation of fusion genes with transform-
ing effects, are closely associated with a particular
subtype of leukaemia [2, 3]. Also rare chromosomal
rearrangements have been continually discovered
in some patients leading to identification of new
genetic changes associated with diagnosis, clas-
sification, prognosis and treatment of leukaemia [4].

Chromosome 3q rearrangements have been de-
scribed in approximately 2% of patients with acute
myeloid leukemia, and are generally associated with
poor prognosis [5]. Also variant forms of the known
and subtype specific translocation have been still
described in myeloid malignancies. The complex
variant of 1(8;21) and variants of the t(9;22) occur in
approximately 3% and 5-8% of cases with related
disease, respectively [6, 7]. It is also suggested that
these simple or complex variant tranlocations can be
associated with prognosis of leukaemia [8].

In this study, we present novel cytogenetic findings
using CC and FISH, and discuss their potential effect
on diagnosis and prognosis of leukaemia.

MATERIALS AND METHODS

Patients. We studied bone marrow cells of 141
patients from Departments of Pediatric and Adult Hae-
matology/Oncology, Faculty of Medicine in Akdeniz
University during four years. Written informed consent
was obtained from all patients before entry into the
study. Of these patients, CC, molecular cytogenetic
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*Correspondence: Fax: +90 (242) 227 4482

E-mail: sibelkaruzum@akdeniz.edu.tr
Abbreviations used: CC — conventional cytogenetics; FISH — fluo-

rescence in situ hybridization.

and clinical data of four cases that were found to have
new cytogenetic findings are presented here.

Conventional karyotyping. Bone marrow cells
were harvested according to standard protocol [9].
20 GTG banded bone marrow metaphases were ana-
lyzed from each case whenever possible,

FISH studies. FISH study was performed us-
ing directly fluorochrome labeled probes; BCR-ABL
(Vysis) for t(9;22)(g34;q11.2), PML-RAR (Cyto-
cell) for t(15;17)(g22;q11), AMLT-ETO (Cytocell)
for 1(8;21)(g22;q22), CBFB-MYH11 (Cytocell) for
inv(16)(p13;q22). For each patient, minimum 200 in-
terphase cells were analyzed using fluorescent micro-
scope and fusion signals of 5% or less were assumed as
false positive accordingto our lab’s cut-off value. Whole
chromosome painting probes (chromosomes 4 and 11)
(Cytocell) were used for t(4;11). To identify the complex
karyotypes of two cases, M-FISH (Vysis) was applied.

RESULTS AND DISCUSSION

Three AML and one CML patients were found to
have newly described cytogenetic findings. Cytoge-
netic, molecular cytogenetic and clinical outcomes of
the patients are given in a Table.

Case 1. When the patient (case 1) was diagnosed
as AML-M2 in March 2003, AML1-ETO fusion gene re-
sulting from t(8;21) was detected by FISH (Fig. 1, a) and
also a rearrangement including chromosome 8, 16, 21
and loss of Y were detected in the cytogenetic analysis
(Fig. 1, b). To determine the karyotype, we performed
M-FISH and the karyotype of the patient was found to be
45X,-Y1(8;16:21)(q22.1;q13;922.1) [3] / 46 ,X¥;1(8;16;21)
(g22.1;q13;922.1)[13]. In carrying t(8;21) interphase cell
nuclei, two fused signals were expected in addition to
normal 8 and 21 alleles. Whereas, only one fused signal
was detected in addition to normal green and red signals
due to the variant translocation of t(8;21) in this patient
(see Fig. 1, a). In March 2003, remission was achieved by
7+3 standard therapy. Two courses of intermediate-dose
Ara-C (IDAC) was administered as consolidation therapy
in April 2003, Relapse occurred in December 2003. The
patient died in a month. The patients with 1(8;21) appear
to have a favorable prognosis [10]. Variant translocations
oft(8;21)(q22;q22) have been reported including chromo-
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Table. Patient's characteristics

Case Age/ Diagno- FISH Re- : ; Clinical
N o Gt sulls Conventional cytogenetic results Treatment Survival period it
| G68M AML-M2 1(8;21)(+) 45X -Y,(8;16;21)(q22.1;q13;q22)[9)/ 7+ 357, IDAC, March 2003 - December Died

46,XY,4(B;16,21)( q22.1;q13;922)[13]
46,XY,1(2,22)(p21;q11.2)[9]/ 46,XY[3]
46,XX,t(3:10)(q21;q25)[B]/ 46,XX[T]

53/M AML-M4 1(9;22)(-)
37/F AML-M5 1(9;22)(-)

Boane

7+ 3 8T, HIDAC, FLAG-IDA, EMA

2003
June 2002 - March 2004 Died

7+ 3 ST, FLAG, HIDAC November 2001 — July 2002  Unknown

63/M  CML  19;22)(+) 46.XY!(1;6:9;22)(p36.1:p21.3;034,q11)[10)/ IFN, Glivec December 2000 Chronic
46 XY[10)/ phase CML

Noles: 7 + 3 ST — standard dose Cytarabine + Daunorubicine; HIDAC — high dose Cytarabine; IDAC - inter

dose Cytarabine; EMA — Etoposide-

mitoxantrone-cytarabine; FLAG — Fludarabine-cytarabine-granulocyte colony stimulating factor; IFN — interferon.

some regions 4a35, 5g31, 6g21, 10p15, 12913, 12g24,
13q12, 14g24, 1521, 17q23, 18923 and 20q13 [11]. In
this study, to our knowledge, we described a new variant
including 16q13. Loss of Yhas been observed as a second-
ary change in particular AML-M2 patients with t(8;21). It
has been reported that the loss of Y chromosome can be
neutral and related to the age [ 12, 13]. Ina previous study,
loss of Ywas observedin allcells carrying variantt(8;21;14)
and two courses of remission induction therapy with Ara-
C + |darubicin failed. Complete remission was achieved
by the subsequent HIDAC administration [11]. Similarly,
in our patient, detected loss of chromosome Y in 9 of
22 metaphases carrying 1(8;16;21), remission induction
therapy failed. Remission was achieved by subsequent
HIDAC administration but the patient died because of the
early relapse after eight months. The presence of loss of
Yin 9 of 22 metaphases in our patient supports the loss
ofYthat can be one of the secondary event, We also have
two other AML-M2 patients who have 1(8;21) and loss
of Y. Although one of them received repetetive induction
chemotherapies using 7 + 3 and HIDAC + mitoxantrone,
he couldn’t achieve remission. Three weeks after the last
therapy the patient died due to intracranial bleeding. In
the other case, remission was achieved by 7 + 3 induction
and HIDAC + mitoxantrone reinduction chemotherapies.
The patient is being still followed receiving HIDAC + mi-
toxantrone and HIDAC consolidation chemotherapies.
Failure of remission with standard therapy, early relapse
and prolonged aplasia period in our case, who has vari-
ant t(8;21), can be explained by presence of the variant
translocation and/or loss of Y. If poor response to therapy
is considered in these three patients, loss of Y can be have
clinicalimportance. However, the impact on prognosis and
response to therapy of Y chromosome loss and variant
translocations remains uncertain.

Fig. 1, a. FISH analysis of AML-M2 patient with t(8;16;21)
(g22.1,q13;g22.1). Only one fused signal was detected in addi-
tion to normal 8 and 21 alleles due to the variant translocation
of t{8;21) in this patient. Green, red and yellow signals indicate
AML1, ETO genes and t(8:21) respectively
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Fig. 1, b. Karyotype of AML-M2 patient with t(8;16;21)(g22.1;
q13;q22.1). Arrows indicate breakpoints (Case 1)

Case 2. In June 2002, the patient was diagnosed as
AML-M4. Since he also has splenomegaly and basophilia,
1(9,22) was tested by FISH to exclude CML. FISH resultwas
negative. The patient received 7 + 3 remission induction
chemotherapy in June 2002. Two weeks after the first
therapy, 7 + 3 standard therapy was restarted due to the
first induction failure. Remission was achieved with rein-
duction. Cytogenetic examination of bone marrowon July
1,2002revealed(2;22)(p21;q11.2) (Fig. 2). Consolidation
chemotherapy using HIDAC was administered four times
in August, October, November 2002 and in January 2003,
When relapse occurred on March 25, 2003, in additionto
1(2;22), monosomy 7 was observed in the
study of bone marrow. Although fludarabine-cyta
ine-granulocyte colony-stimulating factor (FLAG)
therapy was given, the patient did not achieve remissi
Even remission was achieved by EMA chemotherapy.t
patient died in March 2004 due to the prolonged aplas
Inour case, poor prognosis was consistent with the
that the presence of monosomy 7 may result in aw
response to induction chemotherapyin AML patients
Furthermore, we report a novel translocation
chromosome 2 and 22 including these breakpoint
most of previous studies, 2p21 has been reported
partner breakpoint of 11g23. On the other hand,
volved in different breakpoints of chromosome 3int
26, g27 and q29, have been reported in one AML, ¢
mary myelofibrosis and one RAEB (refractorya
excess of blasts) case [ 15]. Although the gene i
2p21 is unknown, there might be an oncogene
2p21 or 22q11.2 region in order to form fusion ge
other possibility is that the appearance of this
ment may be resulting from a genomic instability ¥
oncogenic activity of these regions. Poor prt
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case might be explained by monosomy 7 or presence of
t(2;22)(p21;q11.2).
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Fig. 2. Karyotype of AML M4 patient with t(2;22)(p21;q11.2).
Arrows indicate breakpoints (Case 2)

Case 3. 1(3;10)(g21;q25) was detected in the cy-
togenetic study in this patient who had been diagnosed
as AML-MS in November 2001 (Fig. 3). The remission
was hardly achieved using the courses of 7+3 and FLAG
as remission induction chemotherapies. Because of the
neutrophilia observed after the first remission, to exclude
CML blastic transformation t(9;22) was tested by FISH
technique. The FISH result was found negative. t(3;10)
was detected again in bone marrow by CC. Consolidation
therapy using HIDAC was given for three times in March,
May and July 2002, but patient relapsed after six months.
Although various chromosomal abnormalities have been
described in AML-MS, 1(3;10)(g21;925) has never been
described before. However, involving 3q21 and 10g25
breakpoint regions have been reported in leukaemia with
different partner genes. Two genes which have been de-
scribed in the 3q21 region are associated with oncogenic
activity. RPNT and GR6 genes, located in 3g21 region,
might play a partner role in fusion gene with oncogenic
activity [16]. The possible role of 10925 in leukaemia is
unknown. It might be speculated that possible proto-on-
cogene in 10g25 could be activated by a partner gene in
3q21suchas APNT gene. In our case, since remissionwas
hardly achieved and relapse occurred, this rearrangement
may be related with unfavorable prognosis.
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Fig. 3. Karyotype of AML M5 patient with t(3;10){q21;q25).
Arrows indicate breakpoints (Case 3)

Case 4. The patient was diagnosed to have CML
in December 2000 and a-IFN and subsequently Glivec
were administered. 1(9;22) was observed by FISH in
August 2003. However; in the cytogenetic analysis,
unexpected band patterns were detected on the end of
g arm of chromosome 9 and chromosome 6p (Fig. 4).
To find out the origins of the extra bands on der(9)
and der(6), we performed M-FISH and the karyotype
of the patient was designed as t(1;6;9;22)(p36.1;
p21.3;q34; q11). Variant forms of Ph translocations
are seen in 5-10% of CML cases, including simple
and complex variant translocations [10]. Although it
is generally believed that complex Ph translocations
have no importance on disease prognosis, it is not
elucidated clearly. Deletions of the flanking region
the 1(9;22) breakpoints in CML are associated with
poorer survival, The deletions occur with a higher fre-
quency in patients with variant Ph translocations than
in those with classic Ph [17]. Therefore; detection of
variant Ph translocation can be important for disease
management. Complex three-way Ph translocations
involving chromosome 1p36.1 and 6p21 have been
described before; see http://cgap.nci.nih.gov/chro-
mosome/Mitelman-Search Accessed October 3, 2004
[18, 19]. However; we described a new translocation
1(1;6;9;22)(p36.1;p21.3;q34;q11) as a variant of the
t(9;22). The case is still being followed as chronic
phase CML inspite of the Glivec use, and this situation
can be related to the complex variant translocation
detected in the patient.
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Fig. 4. Karyotype of CML patient with 1{1;6:9;22)(p36.1;p21.3;q34;
q11). Arrows indicate breakpoints (Case 4)

Conclusion. Newly described chromosomal
abnormalities were correlated with clinical course of
the patients, and the significance of the cytogenetic
findings was emphasized once again in this study.
Obviously, accumulation of data on new chromosomal
abnormalities would provide the understanding of their
molecular mechanism and their impact on prognosis
and treatment of leukaemia.
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HOBbIE OAHHbIE, MOJTYYEHHBIE METOO4AMW
CTAHOAPTHOIO UUTOFrEHEHETUYECKOIO U FISH-AHAJIU3A
Y BOJIbHbIX IENKEMUEN

Heaw: npepy HOBBIE UHTOTCHETHYECKHE [AAHHBIC ¥ 9eThIpeX Doabubx nAeiikosamu. Memodue: 118 HeenenoBanna obpainos
KOCTHOPO MO3ra GBUTH mpHMeRensl cTanaapTasil wirorenerwaeckuii (LT anaans u meron duyopecuermoi rubpumsawmn in site
(FISH). Pespasmame:: B JAHHOM HCCAER0BARKK Dblin BLABAEHB! HOBbIE TPancaokammn t(3;10)(q11;925) w t(2;22)(p21;q11.2).
Tpancrokamin t(8;16;21)q22.1;q13;q22) w 1(1;6;9;22)(p36.1;p21.3;q34:q11) Guian maenTHHUMPOBANS! KAK BAPHANTHBIC W
noarsepaens meroiamu Interphase-FISH n Multicolour-FISH. Bueods: m:lyqennue [HTOTERETHYECKHE LAHHBIE TOIBOASIT
OXAPAKTEPHIOBATS IHT) TONOTHYECKHX ik, [1nA OUCHKH NPOMHOCTHYECKONO 3HAYCHHA
ONHCAHHBIX HTOrEHeTHYCCKHX AHOMATHIE HCOOXOIHMBE TANBHEHIINE HCCTETOBAHNA.

Karoweswie caosa: remaronormieckue 3abonesanns, cranaapruas uarorenerusa, FISH, nossie XpoMoCOMIbIe AHOMAIHH.
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Donor Cell-derived Acute Myeloblastic Leukemia After
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Transplantation for Juvenile Myelomonocytic Leukemia
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Summary: Despite its rarity, donor cell leukemia (DCL) is a
most intriguing entity. We report here the case of a 5 year-old
girl with juvenile myelomonocytic leukemia and normal female
karyotype who developed acute myeloblastic leukemia with a
karyotype of 46, X, t(X: 7) (p21; p11.2), der(7) t(3: 7) (ql3.3;
q22) 5 months after peripheral blood hematopoietic stem cell
transplantation from her HLA-matched sister. We performed
the analysis of short tandem repeat sequence markers to DNA
obtained from donor peripheral blood, patient’s peripheral
blood including leukemic blasts and patient’s hair root. This
analysis showed that the leukemic blood DNA matched the
donor blood DNA and not the patient’s DNA, thus confirming
DCL. To our knowledge, this is the first case of DCL after
peripheral blood SCT for juvenile myelomonocytic leukemia.

Key Words: IMML, donor cell kukemia, stem cell transplan-
tation

(' Pediatr Hematol Oncol 2006;28:763-767)

he recurrence of leukemia after allogeneic hemato-

poietic stem cell transplantation (HSCT) is one of the
major consequences of treatment failure. It frequently
results from outgrowth of residual host tumor cells;
however, in a minority of cases, it may originate from
donor cells. Donor cell leukemia (DCL) accounted for
approximately 5% of relapses as demonstrated by
cytogenetic studies of 54 relapses in sex-mismatched bone
marrow transplants.” Until molecular engraftment studies
became available in the mid 1980s, it may be considered
that the number of cases was actually underestimated
because of the lack of adequate diagnostic tools for
documentation of the origin of the leukemia afler
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transplantation. The improvement in cviogenetic and
molecular analvsis such as short tandem repeat (STR)
sequencing has provided more accurate and faster
determination of donor engraftment and also differentia-
tion of DCL from host leukemia relapse.

We report here the case of a 5-year-old girl who
developed donor cell-derived acute myeloblastic leukemia
(AML) after HLA-match sibling peripheral blood HSCT
for juvenile myelomonocytic leukemia (JMML). To our
knowledge, this is the first case of a DCL developing after
peripheral blood HSCT for JMML.

CASE REPORT

In March 2003, a 5-year-old girl was admitted to hospital
with severe bone pain. She was diagnosed as IMML according
to the international diagnostic criteria.” She began induction
therapy consisting of Ara-C, vepesid. Between the first and the
second consolidation therapies, hepatosplenomegaly became
evident and laboratory findings included a white blood cell
(WBC) count 25000/ pL with 26% monocytes. She was accepted
as having relapsed and was referred to our center for HSCT
from her HLA-matched sister. During physical examination, her
spleen was found to be extended to the pelvic brim and her liver
was approximately 8em in diameter in midelavicular ine below
the costal margin. There were also extensive skin lesions in the
form of plaques, which were not revealed as malignantinfiltrates
by skin biopsy. She did not have any clinical evidence of genetic
conditions predisposing her to IMML. Laboratory values were
as follows: hemoglobin 11.5g/dL with a history of recent
transfusion, platelet counts of 42000/uL, and WBC count 25700/
pL. The blood smear showed a range of precursor and mature
neutrophils and occasional nucleated red blood cells (2/100).
Absolute monocyte count was 2060,/pL. Her hemoglobin F level
was 9%. The bone marrow had 8% blasts. Cytogenetic analyses
of unstimulated uncultured bone marrow and phytohemagglu-
tinin stimulated peripheral blood samples revealed normal
karyotype (46, XX). Monosomies of chromosomes 5, 7 and
trisomy of chromosome 8 were ruled out by fluorescent in situ
hybridization (FISH) using centromeric probes for chromo-
somes 5, 7, and 8 (Vysis, Downer Grove, IL). She received 2
cycles of induction therapies consisting of cytarabine, etoposide,
and daunorubicine. After written informed consent was
provided by the patient’s parent, she underwent peripheral
blood HSCT following an ablative conditioning regimen
consisting of 4 days of busulfan (dmg/hkg/d), 2 days of
cyclophosphamide (60mg/kg/d), and 1 day of melphelan with
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a total dosage of 140mg/m™. On July 30, 2003, she was infused
with 11 x 10*mononuclear cells/kg and 6.8 x 10°CD34 " cells/
kg from her 11-year old, healthy, HLA identical sister donor
after a 5-day granulocyte-colony stimulating factor (G-CSF)
(10 pg/kg/d) mobilization. Methotrexate and cyclosporine were
adminmistered for graft versus host disease (GVHD) prophylaxis.
After transplantation, neutrophil and platelet engraftments were
observed by day 12 and 23, respectively. She did not experience
any signs or symptoms of GVHD. On the 29th day after
transplantation, there was no abnormality in her peripheral
smear. Chimerisim analyses conducted by the AmpFISTR
Identifier PCR Amplification kit revealed 100% donor chimer-
isim. Hemoglobin F was negative. One month later, she was
admitted due to having suffered from symptoms of not only
fever but cough and her chest radiography revealed hilateral
pneumonic infiltrations. She was hospitalized for parenteral
antibiotic treatment. By having 2 consecutive galactomannan
positivity and noduler infiltrations conducted by high-resolution
computerized tomography, she was diagnosed to have probable
pulmonary aspergillosis and Amphotericin B was administered,
to which she responded. Upon completion of the therapy, she
was discharged as being well and in remission. She did well for 2
months until December 17, 2003, when hemoglobin and platelet
counts were seen to decrease and spleen size was observed to
have increased. Laboratory values were as follows: hemoglobin
S4g/dL, platelet count 87000/pL, and WBC count 11000/pL.
The peripheral blood smear showed 5% blast cells and 37100
nucleated red blood cells. Peripheral blood chimerism was found
as 18% donor and cyclosporine was thus stopped. Donor
lymphocyte infusion was planned to obtain graft versus
leukemia. On December 22 and 25, 2003, she was infused with
G-CSF mobilized donor lymphocyte with a total dosage of
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0.75 % 10°CD3 cell/kg. Forty-seven days after the last donor
lymphocyte infusion, peripheral blood chimerism was found to
be 67% donor. After a stable period, hepatosplenomegaly again
became unusual and transfusion dependency developed. Bone
marrow aspiration showed 16% blast cells. Phytohemagglutinin
stimulated peripheral blood cells (41%) and bone marrow
cells (86%) showed abnormal karyotype and multicolor-FISH
(M-FISH) was applied by using a SpectroVysion probe mix
(Vysis, Downer Grove, IL). After M-FISH application,
her karyotype was designed as; 46, X, uX;7)(p2L;pl1l.2),
der(7)t(3;7)(q13.3;q22) (Figs. 1, 2). Hemoglobin F was negative.
After splenectomy, she underwent a second transplantation
from same donor. The patient was given a conditioning regimen
of total body irradiation (totally 1200cGy) followed by
cyclophosphamide, 60mg/kg/d, intravenously for 2 consecutive
days. After G-CSF mobilization from the donor, she was
infused with 13.5 x 10* mononuclear cells/kg and 5.7 % 10°
CD34 " cells’kg from the same donor. Cyclosporine and
methotrexate were used for GVHD prophylaxis. Neutrophil
engrafment was conducted on posttransplant day 11, but
platelet engrafment was not successful. Peripheral blood in
the first month after transplantation showed 100% donor
chimerism. A total of 7 STR loci, that is D8S1179, D21511,
D7S8820, D138317, D19S433, vWA, and D18S51, were found to
be informative while other STR and amelogenin loci were
noninformative (Fig 3). At the same time, conventional
cytogenetic and M-FISH studies revealed highly complex
chromosomal aberrations including those that had been
observed in the previous karyotype. She became febrile with
the signs of pulmonary infection. High-resolution computed
tomography showed noduler infiltrations suggesting fungal
infection. While dealing with the infection, WBC started to
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FIGURE 2. M-HSH karyotype of leuke-
mia cells obtained 10 months after the
first stem cell transplantation.

increase and blast cells appeared in peripheral blood. Bone
marrow aspiration showed 48% blast, most of which were cells
of medium to large size that had folded or had cleft nuclei and
were stained with Sudan black. Dysgranulopoiesis with hypo-
granulation and dyserythropoiesis with megaloblastoid matu-
ration and nuclear budding were also observed. The
immunophenotype of blastic population was observed to be as
follows: CD7, 50%: CDI13, 66%; CD33, 64%; HLADR, 50%:;
CD34, 54%; and CD45, 85%, suggesting acute myeloid
leukemia with CD7 expression. The patient succumbed to sepsis.

MATERIALS AND METHODS

Cytogenetics

Chromosome analysis was applied by G-bands by
trypsin using Giemsa banding of chromosomes having
been obtained from unstimulated uncultured marrow
specimens and phytohemagglutinin-stimulated peripheral
blood cultures. At least 20 metaphases were analyzed
from each of the specimens.
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FIGURE 3. Chimerism analyzes results at 1 | | |
1 month after the second stem cell Y T
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FISH

FISH studies were applied on bone marrow
chromosomes of the patient using whole chromosome
painting probes specific to chromosomes 5, 7, and 8
(Vysis, Downer Grove, IL) in accordance with the
manufacturer’s instructions at  the time of JMML
diagnosis. Data were collected on a fluorescence micro-
scope (Zeiss Axioplan) equipped with a CCD camera
(Photometrics Sensvs) run by MacProbe software v.4.1.

M-FISH

M-FISH was applied using a SpectraVysion probe
mix (Vysis) in accordance with the manufacturer’s
instructions to resolve complex chromosomal rearrange-
ments. At least 5 metaphases were analyzed from M-
FISH applied shides using the PowerGene M-FISH
software (Applied Imaging).

STR Sequence Marker Studies

All extracted genomic DNA from blood and hair
root samples were guantitated and diluted to optimal
working concentrations. Fifteen tetranucleotide repeat
loci (CSFIPO, D2SI1338, D3SI1358, D3SRIR, DTS820,
DES1179, DI38317, DI168539, DIS8SSI, DI198433,
D21S11, FGA, THO1, TPOX, and vWA) and the
Amelogenin gender determining marker in a single PCR
amplification were amplified by using the AmpFISTR
Identifier PCR Amplification Kit. STR polymorphisms
were analyzed on an ABI PRISM 310 Genetic Analyzer
system. Calculations were based on relative areas of the
donor and recipient peaks.

DISCUSSION

DCL has been reported sporadically since the first
such reported case in 1971.% Although cytogenetic studies
evaluating sex-mismatched donor/recipient pairs and/or
polvmorphism were used to differentiate DCL from host
leukemia relapse untl 1985, in recent reports, molecular
engraftment studies have been used for describing
DCLA" Twenty-five previously reported DCL cases in
English Medical literature include 13 female and 12 male
patients with a median age of 26 years (range 3 to
50y).5"" Nine patients were 16 vears of age or younger.
Bone marrow was used for the source of HSCT for all
such cases. Bone marrow transplantation (BMT) was
used for acute lvmphoblastic leukemia in 9, AML in 5,
chronic myelocytic leukemia in 8, chronic lymphocytic
leukemua in 1, aplastic anemia in I, and thalassemia in 1.
The time interval from BMT to diagnosis of DCL ranged
from 2 to 135 months (median 26 mo). The DCL was the
same cell tvpe as the pre-BMT leukemia in 10 of the 23
identified leukemic patients. Of the 2 patients trans-
planted for benign hematologic disorders, one developed
acute lvmphoblastic leukemia and the other AML.

In the patient reported here, the posttransplant
acute leukemia appeared to be myeloid in type and
derived from donor cells. The donor origin of hemopoi-
esis has been proved by donor-specific STR. In our
patient, the conventional cytogenetic and FISH studies
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performed before transplantation showed a normal
female karyvotype and ruled out monosomies 5, 7, and
trisomy of chromosome 8 Conventional cytogenetic
and M-FISH data after peripheral blood HSCT suggested
potential new clonal abnormalities indicating that the
patient had a “new” leukemia. We performed hybridiza-
tion of STR sequence markers to DNA from the donor
peripheral blood, the host peripheral blood including
lenkemic blasts and hair root samples from the host.
This hybndization showed that the leukemic blood
DNA matched the donor blood DNA and not the
patient’s DNA, thus confirming DCL. Our case had
WX p2Lpl1.2) translocation in her donor orginated
leukemia cells. 7p 11 harbors the GRB-10 gene which 1s
an adapter protein interacting with several signaling
proteins via its conserved domains playing a keyv role
in the upstream of RAS signaling pathway."® A recent
study has shown that this protein i1s overexpressed in
bone marrow samples of AML cases.”” This might be
associated with the development of AML in donor cells.
Other interesting cvtogenetic findings in our case were
partial monosomy 7q and partial trisomy 3q due to
der(7) t(3;7)(gl3.3;q22) dertvative chromosome. Monos-
omy 7/partial monosomy 7q is one of the most common
recurring chromosomal abnormalities in both childhood
AML and IMML patients." 2" We did not observe a
deletion on the long arm of the chromosome 7 by FISH
studies at the time of the diagnosis of JIMML in our
case, suggesting that der(7) t(3:7)(gl13.3;q22) derivative
chromosome had accompanied the donor cell derved
AML development. In contrast with a previous report
documenting a negative impact of abnormal karvo-
type on the probability of overall survival after HSCT,*!
the results of the EWOG-MDS/EBMT trial showed
that monosomy 7 did not confer a worse prognosis.”
Chromosome 3q rearrangements mcluding 3q deletions
have been described n approximately 2% of AML
patients and these chromosomal abnormalities associated
with the poor prognosis.® To our knowledge, only 2
JMML cases with partial trisomy 3g have been pub-
lished. ™" These cases had partial trisomy 3q due to
different  derivative  chromosomes  which  were
der(12)1(3;12) and der(15)t(3;15).

Despite its rarity, DCL has stimulated interest
because of the expectation that it might provide wvery
important insights into the process of leukemogenesis.
Several mechanisms have been postulated for the post-
BMT development of leukemia in donor cells. Firstly,
because most reported cases to date have been in the
setting of an HLA-matched sibling; genetic factors seem
to play an important role in the development of DCL."?
There are 3 reports in the lterature describing the
occurrence of leukemia in donors and DCL in their
donated cells which point to the role of genetic back-
ground for the development of DCL.'3-232 However,
genetic familial predisposition 1s not the only risk factor
for this rare event being a conditional to a case with DCL
after unrelated BMT.'"™ It is speculated that some
transplant-related factors could also be responsible for
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the development of leukemia in donor cells. Transfer of
oncogenic material from host to donor cells due to
conditioning therapy, particularly total body irradiation,
is one of the transplant-related factors*!® Radiation-
induced microenvironment damage could support leuke-
mic transformation in the donor cells as shown in the
mouse model.” Fusion of residual host cells with donor
cells 1s the other postulated mechanism whereby host
material could be transferred to donor cells.” Both
bilinage dysplastic changes in our patient’s bone marrow
at the time of diagnosis of leukemia and partial
monosomy 7q, which 1s one of the most common
cylogenetic anomalies associated with treatment related
AML.™ may result from previous conditioning therapy
including alkvlators and may have playved an important
role in the development of DCL.

Another suggested mechanism for the development
of DCL 1s occult leukemia in the donor. Despite a report
of AML that was inadvertently transmitted by BMT,
none of the marrow donors developed leukemia.®®
Impaired immune surveillance and telomere shortening
could also serve as other contributing factors for the
development of DCL in the donor cells.®"

In conclusion, the hyvpotheses contributing to how
DCL develops have not vet been proven. Accumulation
of similar cases will help us to understand the pathogen-
esis of leukemia.
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PARTIAL TRISOMY 4 qﬁh ter) DUE TO MATERNAL 4;5

BALANCED

ANSLOCATION IN A NEONATE

BY D.A. SENSES ', F. SILAN . H UZUN', D. ALAGOZ ', C. ZAFER?,
K. KOCABAY ", $.B. KARAUZUM? AND Z. CETIN *

Summary: Partial trisomy 4(q3 lgter) due to maternal 45 balanced transivcation in a neanate: We describe a male
neonate with a duplication of 4(q31.3qter) due to unbalanced segregation of a maternal translocarion (4:5)(q31.3 p15.1).
He has a high broad nasal bridge, large, low-set ears, epicanthal folds, long philtrum, retrognathia, high arched
palate. wide-spaced nipples. bilateral single transverse palmar creases, bilateral clinodactyly of the fifth finger, right

cryptorchidism, and ventricular and secundum type atrial septal defect.

Key Words: 4q trisomy - Duplication of 4q - Unbalanced translocation of 4q

'INTRODUCTION

Trisomy 4q has been reported in more than 70 cases (2,5, 8, 9, 15,
16, 21, 23, 28). As only few cases were due to pure duplication and
de novo translocation, most of them were unbalanced translocations
due to a parental balanced translocation. Although most of the clinical
features in the cases from familial translocation are a result of dupli-
cation, some of them are due to partial small monosomy of denivative
chromosome. Also, in all cases the length of the duplicated segment
is different. So, the clinical picture is variable. We present a male ne-
onate with trisomy 4(q31.3-qter) due to unbalanced translocation 4:5
(q31.3:p15.1) and review the clinical features of previously reported
cases in the literature.

| CASE REPORT

The infant was born at 38 weeks of gestation to a 26-year-old mother,
gravida 2, trans vaginally. The parents were healthy and nonconsan-
guineous. His birth weight, length and head circumference were 1370
g (Brd centile), 38 cm ( <3rd centile) and 29.5 cm ( 3rd centile), res-
pectively. On examination, he had a high broad nasal bndge, large,
low-set ears (especially right ear), epicanthal folds, long philtrum,
retrognathia, high arched palate, wide spaced nipples, bilateral single
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transverse palmar creases, bilateral clinodactyly of the fifth finger, and
right cryptorchidism, (Figs 1, 2). Cranial and abdominal ultrasound
examination showed no abnormality. Echocardiographic evaluation
revealed ventricular and secundum type atrial septal defect.

Figure |: Appearance of the face of the case

Figure 2: Appearance of the infant
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|CYTOGENETIC ANALYSIS o
Peripheral blood samples were obtained from the proband, his parents
and his healthy sister. Whole blood lymphocytes were cultured under
stimulation with phytohemaglutinin by standart methods. Cytogenetic
analysis of metaphase chromosomes was performed by GTG banding.
Fluorescence in situ hybridization (FISH) analyses performed using
whole chromosome painting (wcp) probes for chromosomes 4 and 5
(Vysis). Metaphases were analyzed under an Zeiss Axioplane 2 epiflu-
orescence microscope equipped with appropriate filter combinations.
Patient’s chromosomie analysis showed a derivative chromosome 5 with
extrachromosomal material attached to 5p (Fig. 3A). The cytogenetic
origin of the extrachromosomal material was indeterminate, therefore
parental chromosomes were studied. While the father had a normal ka-
ryotype, the mother was carrier of a balanced reciprocal translocation
between chromosomes 4 and 5 [46,XXt(4:5)(q31.3;p15.1)] (Fig. 3B),
and the patient’s karyotype was 46,XY.der(5)t(4:5)(q31.3;p15.1)mat.
ish der(5)t(4;5)(wepd +wep5 4, (Fig. 4A, B).

Figure 3- A) Partial G banded karyotype of the infant  Figwre 4: A) Infant’s FISH with wep4; B) Infant’s FISH
showing der(5)t(4;5)(q31.3;p15.1); B) Partial G banded  with wep5
karvotype of the mother showing t(4;5)(q31.3;p15.1)

|DISCUSSION

Partial 4q trisomy usually results from an unbalanced segregation of
a balanced translocation in a parent. Multiple different chromosomes
[1-3,5.9, 11-15, 18, 20-22, X] were reported to be rearranged with 4q
(1,3,5,6,13,19,22,25,26,30). However, there is a slightly stronger
predilection of 4q for chromosome 18 (4, 5). There 1s a small mo-
nosomy for these derivative chromosomes. In the cases, the involved
breakpoints vary, and the length of the duplicated segment is different.
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Consequently, the clinical findings are variable. The most consistent
clinical features are psychomotor and growth retardation, abnormal na-
sal bridge, large, low set, malformed ears, short neck, cryptorchidism
(). Other common findings include microcephaly, micrognathia, con-
genital heart defects, single palmar crease, epicanthal folds, inguinal
or umbilical hernias, hypertelorism, downturned mouth, high or cleft
palate, intrauterine growth retardation, downslanting palpebral fissu-
res, renal abnormalities, preaxial limb defects, seizures and ptosis (5).
Because most cases involve a small monosomy for another chromoso-
me, complete phenotype mapping from these findings lacks precision.
Features of the cases with pure duplication are exactly assisted for phe-
notype mapping. We found 17 cases with pure 4q duplication reported
in the literature (7, 8, 10, 11, 12, 14, 15, 18,20,21,24,27,29,31), Ta-
ble I. According to these cases’ findings, psychomotor retardation and
abnormal nasal bridge (14/17) are the most frequent features. Other
features include large, low-set ears (11/17), epicanthal folds (11/17),
growth retardation (10/17), short philtrum (7/17), preaxial limb de-
fect (6/17), seizures (6/17), microcephaly (6/17), micrognathia (6/17),
renal hypoplasia (6/17), ptosis (5/17), congenital heart defect (3/17),
short neck (3/17), single palmar crease (3/17), clinodactyly (3/17).
cryptorchidism (2/17). The findings of the cases with 4q trisomy due
to unbalanced translocation are mostly similar to the cases with pure
duplication.

There is wide phenotypic variability in the cases with partial 4q trisomy.
Nevertheless psychomotor retardation and abnormal nasal bridge are
consistent findings. In our patient abnormal nasal bridge is a striking
finding, too. The clinical variability might be related to the regions of
the duplicated segment. Intrauterine and postnatal growth retardation,
short philtrum, downturned mouth, downslanting palpebral fissures,
and abnormal thumbs are more common in patients with duplications
beginning proximal to 4928 (5). Wide-spaced nipples and large ears are
seen more frequently in duplications beginning at 4¢28. In the cases
with minimally duplicated region as 31.3¢33 (18), q12q13 (24) and
q31.1g32.3 (11), it was shown mild clinical effect. Also, mild clinical
phenotype in a case with large duplication (q25g34) was reported (8).
Endocrine abnormalities in a case (1) and choanal atresia in two cases
(15, 30) had been showed.

Thumb anomaly, renal hypoplasia and congenital cardiac defects are
specific anomalies of 4q trisomy. Most of the patients with thumb ano-
maly have renal hypoplasia. Initially, Zollino er al. described this re-
lationship and suggested that the 4q22-q23 region was involved in the
development of these anomalies (31). Nevertheles, now there seems
to be enough evidence that this region is more distal (q28.2-q28.3 and
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q31.22-q32) (2. 17, 21). In our case, these specific malformations were
not found. However, microcephaly, intrauterine growth retardation and
most of the dysmorphic findings were diagnosed. We believe that psy-

chomotor and growth retardation will develop.

In conclusion, psychomotor retardation and abnormal nasal bridge are
the most frequent clinical findings. Low set/malformed ears, epicant-
hal fold and growth retardation are other common clinical findings.
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Relationship between SP1 polymorphism and osteoporosis
in B-thalassemia major patients
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Abstract

Background: B-Thalassemia is an autosomal recessive disease characterized by defective B-globin chain production.
Osteoporosis is an important cause of morbidity in patients with B-thalassemia major. The pathogenesis of reduced
bone mineral density (BMD) is multifactorial. A range of genetics factors have been implicated in other populations of
patients with osteoporosis. Polymorphism at the Spl binding site of the collagen type I Al (COLIAT) gene is thought to
be an important factor in the development of osteoporosis.

Methods: Alleles § and s, detected by presence of a G or T nuclectide, respectively in a regulatory site of the COLIAT
gene were investigated in 37 B-thalassemia major patiznts with ostecporosis and 92 controls without ostecsporosis or
osteopenia using polymerase chain reaction—restriction fragment length polymorphism.

Results: Fifteen and nine B-thalassemia major patients displayed 55 and Ss genotypes, respectively, whereas 13 were
found to have an ss genotype. The mean BMD of the B-thalassemia major patients with ss genotype was similar to those
with the Ss and 55 genotypes. In the control group, 77 and 15 subjects had 55 and Ss genotypes, respectively, with no
ss genotype. Allelic and genotypic distribution in patients were significantly different from controls.

Conclusion: Determining base substitutions at the Spl binding site on the COLIAT gene in early years may be import-

ant in preventing osteoporosis in children with B-thalassemia major.

Key words
polymorphism, Spl polymorphism.

B-Thalassemia is an inherited disorder with an autosomal reces-
sive mode of inheritance and constitutes one of the most serious
health problems worldwide, as well as in Antalva.' It is well
known that increased erythropoiesis in bone marrow in -
thalassemic patients results in expansion of marrow cavity and
reduced bone mass.” Regular blood transfusions from infancy
until adulthood in B-thalassemia major patients have facilitated
transformation of severe bone deformities into less marked skel-
etal lesions, such as osteoporosis.”

Osteoporosis is a common disease characterized by reduced
bone mass, microarchitectural deterioration of bone tissue, and
increased risk of fragility fractures*” Genetic factors play an
important role in the pathogenesis of osteoporosis, involving
variation in several genes such as collagen type T AT (COLIAT),
vitamin D), estrogen receptors and interleukin (IL)-6 that regulate
bone mineral density (BMD) and bone geometry and guality.®
One of the most important candidate genes for predisposition to
osteoporosis is the COLIAT gene, which encodes the w-1(I)
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protein chain of type I collagen, the major protein of bone. The
G-T substitution at base | of intron 1 at the binding site of
the Spl transcription factor of the COLIAT gene is a putative
marker for low BMD and osteoporotic fractures. Several studies
demonstrated that Spl polymorphism has been associated
with low BMD and an increased risk of osteoporotic fracture in
B-thalassemic patients in different populations ™

Therefore, the aim of the present study was to examine the
distribution of COLIAT polymorphism and its relationship with
BMD at the lumbar spine and femur in 37 patients with B-
thalassemia major compared to a control group in a Turkish
population.

Methods

Patients

Blood samples were obtained from 37 transfusion-dependent
patients (20 girls and 17 boys, mean age 13.5+ 3.5 years) clin-
ically diagnosed as having B-thalassemia major with osteoporosis
at Thalassemia Center, Antalya State Hospital. All patients were
treated with regular blood transfusions in order to maintain
pre-transfused hemoglobin levels 9.5 g/dL, and with adequate
chelation therapy vsing a combination of deferioxamine and
deferiprone. None of them had any clinical and laboratory
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findings of endocrinopathy. BMD of the lumbar spine and
femur was assessed on dual-energy X-ray absorptiometry
{DPX-L Densitometer, Lunar, Madison, WL, USA) and provided
as gfem®. Blood samples from 92 healthy individuals (49 women
and 43 men, mean age of 25.4 £5.0vyears) without osteoporosis
or osteopenia were used as a control group. All patients and
hezalthy individuals gave informed consent form to participate
in the present study, approved by Akdeniz University Ethics
Committee.

DNA analysis

The DNA was isolated from peripheral blood samples of J3-
thalassemia major patients and control group by conventional
salting-out methods as described previously.® A 850 bp fragment
including the intronic polymorphic region of the Spl binding site
in the COLIAT gene was amplified on polymerase chain reaction
(PCR) using forward (5'-AGC AGG TCC CCT TGG AAC OG-
3" and reverse (5-AC TCT GTC CGC TTG TCC CGC-3")
primers. The expected size of the specific PCR product was
850 bp, which was digested overnight at 37°C with Ball restric-
ton enzyme (Fermentas GmbH, 5t. Leon-Rot, Germany).
Digested products were visualized in 3% NuSieve agarose gel
{(FMC BioProducts, Rockland, ME, USA) using UV transillumi-
nator (Hero Lab, Wiesloch, Germany). The s allele did not have
the Ball restriction site, while the 5 allele was digested into 600 bp
and 250 bp fragments by the same enzyme compared to molecular
marker (Fermantas). pB-Globin Strip Assay Kit (Vienna Lab,
Vienna, Austria) based on reverse dot blot hybridization was used
for detection of the 22 most common B-thalassemia mutations
and sickle cell anemia mutation in the Mediterranean region.

Statistical analysis

The %* test was used to compare allele and genotype frequencies
between [B-thalassemia major patients and controls. The Mann—
Whitney U-test was used to compare BMD scores between geno-
types in B-thalassemia major patients.

Results

Thirty-seven B-thalassemia major patients with osteoporosis and
92 healthy controls were studied using PCR-restriction fragment
length polymorphism {PCR-REFLP) to detect the Spl polymor-
phism in COLIA] gene. The different alleles were assessed
according to the digestion pattern detected with the restriction
enzyme Ball, a recognition site of which is present within the
850 bp-amplified region of the COLIAT gene. The 5 allele is said
to be present if no digestion is observed, whereas an 5 allele is
indicated in the case of digestion, producing two different-sized
fragments (250 bp and 600 bp). The distribution of COLIAT

Table 1 Genotype and allele fraquencias

genotypes and allele frequencies in the P-thalassemia major
patients and controls is given in Table . While the allelic
frequencies in control group were 91.8% for 5 and 8.2% for s,
frequencies of S and s alleles were found to be 52.7% and 47.3%,
respectively, in the B-thalassemia major patients. Patients with
B-thalassemia major had higher allelic frequencies for the s allele
and ss genotype. Also, the allelic and genotype distributions
were significantly different between osteoporotic B-thalassemia
major patients and controls (Table 1, P < 0.001).

The BMD (expressed as Z-scores) of B-thalassemia major
patients were in the range of —1.35 and =3.71. No significant dif-
ferences in lumbar or femoral BMD scores between genotypes
were observed in the osteoporotic B-thalassemia major patients
(Fig. 1). We did not observe any significant relationship between
the genotypes obtained and the type of B-thalassemic mutations
as a result of Spl polymorphism. Also, there were no data on
bone fractures for the thalassemic patients.

Discussion

Even though all of genes responsible for regulation of bone
mass are non-identified, multiple factors such as polymorphisms
in estrogen receptors, vitamin D receptor, COLIA, and COLIAZ
genes are believed to play a role in bone formation.” Type 1
collagen, a protein encoded by COLIAL and COLIAZ genes,
is the major protein of the bone matrix, at 90%." The first
intron of the COLIAT gene has previously been shown to be
of importance in the regulation of collagen transcription.
Recent studies have verified the association between polymor-
phism for the binding site of the transcription factor Spl in
the first intron of the COLIAT gene, and bone mass in several
populations "1

Little information is available concerning the factors res-
ponsible for the development of osteoporosis, characterized by
reduced bone mass, in B-thalassemia major. Several studies have
shown that heterozygotes at the polymorphic Spl site (Ss) had
significantly lower BMD than S5 homozygotes, and bone mass
was even lower in ss homozygotes in patients with B-thalassemia
major.”” We analyzed the ostecporosis of the lumbar spine and
femur at the presence of the Spl polymorphism. Of the present
37 B-thalassemia major patients, nine had the Ss (G/T) allele
while 13 had the ss (T/T) alleles, and the remaining 15 had the
55 (G/G) allele { Table 1). When the genotypes and BMD scores
were compared in 37 B-thalassemia major patients with oste-
oporosis, there was no significant correlation between osteoporo-
sis and genotype (Fig. 1).

In the present study population we observed Ss and 55 geno-
types in 24.3% and 40.5% of B-thalassemic patients, and in 16%
and 84% of the control group, respectively. The frequency of the

Alleles, n (%) Genotype. i ()
5 5 58 Ss EH
Controls (n = 92) 169 (21.8) 15(8.2) 77 (84) 15 (1a) —
B-Thalassemia major patients (n = 37) 3527 A50(47.3) 15 {40.5) 9(24.3) 13{35.2)

@ 2008 Japan Pediatric Society
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patients with B-thalassemia major.

ss genotype was 35.2% in thalassemic patients, while it was not
detected in the control group (Table 1), When allelic frequency
was compared between B-thalassemia major patients and con-
trols we found the s allele to be higher inthe B-thalassemia major
patients. These results show that there was a significant corre-
lation between allelic and genotypic distribution of Spl poly-
morphism. Also, we compared B-globin gene mutations and
genotypic distribution of Spl polymorphism. IVSLI10 mutation
was found to be the most common mutation, but a correlation
was not found between -globin gene mutation types and allelic
distribution of Spl polymorphism.

The present results indicate that osteoporosis has a strong
genetic component related with Spl polymorphism in children
and young adults who had p-thalassemia major with severe
osteoporosis. As a result, mutation at the Spl binding site on
the COLIAT gene should be detected early in order to initiate
preventative therapy before fractures occur in children with
B-thalassemia major. In addition to regular screening, preven-
tive intervention (regular transfusion, chelation etc.) and early
management of possible endocrine complications are import-
ant in order to secure normal bone health in children with
B-thalassemia major. Genetic counseling should be given to

Spl polymorphism in B-thalassemia 3

families with a p-thalassemia major child, in order to prevent
osteoporosis.
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Effects of hormone replacement therapy on bone mineral
density in Turkish patients with or without COL1A1 Sp1
binding site polymorphism
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Abstract

Aidin: To evaluate the effects of hormone replacement therapy (HRT) on bene mineral density (BMD) in
patients with or without COL1AI Spl binding site polymorphism.

Methods: Non-smoking otherwise healthy postmenopausal women (1 =111), who had not received any kind
of HRT for at least 3 years (between 2002 and 2005) at the onset of menopause, were included. All patients
received 0.625 mg conjugated estrogen/2.5 mg medroxyprogesterone for 18 months. BMD by dual X-ray
absorptiometry was measured at the lumbar spine and the femur neck initially and after 18th months of
treatment. COLIAT Spl binding site polymorphism was studied using the PCR-RFLP method.

Results: After having the results of COL1AI1 Spl binding site polymorphism, 79 (71.2%) patients were 55,
30(27.0%) were Ss and two (1.8%) were homozygous for ss. The mean age, weight and length of menopausal
period were similar between the 55 and Ss patients. The Ss heterozygotes had lower BMD values both at the
lumbar spine and at the femur neck compared with the 55 patients. This difference was also reflected in post
treatment measurements. The increase in BMD scores was higher in the 55 homozygotes than in the Ss patients.
Conclusion: Our preliminary data supports the fact that HRT had a lower increase in BMD scores following
18 months of treatment in COLIAT s allele individuals compared with normal S5 individuals. Therefore our
study may provide evidence that the Spl polymorphism may ameliorate the effects of HRT on BMD, suggest-
ing some additional regimens may be used to support bone strength and to decrease osteoporotic fractures.
Key words: bone mineral density, COLIAI polymorphism, hormone replacement therapy, postmenopausal
Women.

Introduction

Osteoporosis is a commen condition with low bone
mineral density (BMD) deterioration of the skeletal
micro architecture and consequently increased risk of
fracture. It affects up to 40% of women at some peint,
decreasing their quality of life. Use of antiosteoporotic
therapy and hospitalization after fractures among
elderly persons represent a major public health

problem with significant cost to the health system.
Genetic factors are important in the pathogenesis, since
80% of variance in bone mass is under genetic control.!
Less is known, however, about the possible roles of
genetic factors in predicting a response to antios-
teoporotic therapy. Although the genes regulating
bone mass are incompletely defined, several candidate
genes (Vitamin D receptor, the estrogen receptor, the
COLIAT gene, and transforming growth factor beta-1)
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contribute to osteoporosis, however each one has a
relatively small effect on BMD and other determinants
of fracture risk.!?

Collagen type I is an important component of the
bone matrix. Previous works have identified polymor-
phism affecting Spl binding site in the transcriptional
control region of the COLIAI gene. Alleles with a
G-base at the Spl binding are defined as 5", whereas
alleles with a T-base are defined as 's". Clinical studies
have shown that patients with "s" allele are likely to
have reduced BMD and osteoporotic fractures in
several populations.™ Since estrogen deficiency as a
consequence of menopause is a major risk factor for
osteoporosis, one aim of postmenopausal hormone
therapy is to protect against osteoporosis and con-
sequent fractures. However, HRT and/or antios-
teoporotic medications reveal increases in BMD with
greater inter individual variance. Therefore, predicting
response to osteoporotic treatments not only prevents
fracture but will also reduce the cost of treatment ancd
increase the effectiveness of therapy. COLIAT Spl
alleles are determinants of bone mass and quality.
Therefore, the aim of our study was to find out the
effects of HRT on BMD in patients with or without
COLIAT Spl binding site polymorphism and its pos-
sible role in bone collagen turnover in postmenopausal
women with osteoporosis.

Materials and Methods

Non-smoking otherwise healthy postmenopausal
women aged 46-54years (n=111) who had not
received any kind of HRT for at least 3 years (between
2002 and 2005) at the onset of natural menopause were
included. An informed consent was obtained to par-
ticipate in the study, which had previously been
approved by the local ethics committee and the insti-
tutional review board. All the women had low serum
estradiol levels (<20 pg/mL) and elevated serum fol-
licle stimulating hormone levels (=40 MIU/mL). Clini-
cal examination and routine biochemical tests were
performed to exclude secondary osteoporosis inclu-
sion criteria which were: no previous osteoporotic
fracture, at least 2 years of amenorrhea, and no previ-
ous HRT or any kind of antiosteoporotic medications.
Women with liver or renal disease or endocrine or
metabolic abnormalities and /or receiving any mecdi-
cine known to influence bone mineralization, a 11istc:rr],F
of cancer of the endemetrium, liver, or breast; surgical
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menopause; and a risk of cardiovascular disease
were excluded. All patients received 0.625 mg con-
jugated estrogen/25mg and medroxyprogesterone
for 18 months. BMD was measured at the lumbar
spine (L2-4) and the femoral neck using dual X-ray
absorptiometry (DXA) both initially and after 15th
months of treatment. The coefficient of variation in
percent (CV%) from duplicate measurements in
healthy volunteers was 1% at the lumbar spine and
14% at the femoral neck.

Genomic DNA was extracted from samples of
peripheral venous blood according to standard proce-
dures, and the polymerase chain reaction (PCR) using
primers with a mismatched primer that introduced
a diallelic restriction site, as previously described,
detected the intronic polymorphism of the COLIAT
gene. The test discriminates two alleles, S and s,
which correspond to the presence of guanine and thy-
midine, respectively, as the first bases in the Spl-
binding site in the first intron of the gene for COL1ATL.
The reaction mixture of 25pL contained 100 ng of
genomic DNA, 50 mM potassium chloride, 10 mM
TRIS-hydrochloric acid (pH 8.3), 1.5 mM magnesium
chloride, 0.2mM dideoxynucleoside triphosphates,
150 ng of each primer, and 0.2 unit of Super Taq DNA
polymerase (MBI Fermantas Ltd, Lithuania). The
reactions were performed in a DNA thermal cycler
Genius (Techne Ltd, USA) with a cycling protocol of
94°C, 60°C, and 72°C for one minute each, for 35
cycles. Ten microliters of PCR product was digested
with 2 units of Mscl restriction enzyme and 1.2uL of
a buffer, containing 150 mM TRIS-hydrochloric acid
(pH 7.5), 250 mM sodium chloride, and 35 mM mag-
nesium chloride, by incubation for 16 h at 37°C. The
digestion products underwent electrophoresis on a
3% NuSieve agarose gel (FMC Bio Products, Rock-
land, ME,USA.) in 44.5 mM TRIS, 44.5 mM boric acid,
and 1 mM disedium ethylenediaminetetraacetic acid
(EDTA) for 300 volt-hours. The separation patterns
were documented by thermal printer (Mitsubishi
Ltd, Japan) under ultraviolet illumination (302 nm).
COLIAT Spl binding site polymorphism was studied
using the PCR-RFLP (Polymerase Chain Reaction-
Restriction Fragment Length Pol'ymorphism} method
and the examiners were unaware of the results. The
BMD measurements were grouped into S5 and Ss
groups at the end of the study. Differences in demo-
graphic variables between COLIAI genotypes were
initially compared using parametric and non-
parametric tests where applicable. A P-value < 0.05
was accepted as significant.
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Table 1 Baseline characteristics of the study group according to the COLIA1

genotype (Mean * 50}

COL1AL genotypes

SS (n="79)

Ss (n=130) ss(n=2)

Age (years)

BMI (kg/m?)

Time since menopause
(months)

FSH (IU/L)

E; (pmol /L)

Parity (number)

Smoking history (n) 5

Women taking Ca 444
supplementation (%)

543+ 44
252+ 16
284+42

629+ 134
27.2+19
20x04

494 + 333
256+ 1.2
0937

48.6 = 3.0
243+ 14
305 =35

68.0+ 11.7

261+ 1.7 252+ 1.8
21*x04 2002
3 2

435.1 45.6

68.0 =117

Results

The demographic data are given in Table 1. Complete
clinical and genotype data were obtained from
111 postmenopausal women. The mean age was
527 £ 3years. Genotype distributions in the 111
women's demographic characteristics are also shown
in Table 1. Seventy-nine (71.2%) were homozygous for
55, 30 (27.0%) were heterozygous carrying Ss and two
(1.8%) were homozygous for ss. No significant differ-
ences were obtained between the COLIAI genotype
groups in terms of age, months since menopause,
weight, height, baseline BMD at the femoral neck and
the lumbar spine. All patients were osteopenic witha T
score of <2.5 SD. Relevant clinical details at the baseline
in relation to the COLIAI genotype are shown in
Table 1 and Figure 1. The spinal and femoral necks
BMD were lower in the Ss group compared to the 58
group, however the decrease was not statistically sig-
nificant, possibly reflecting the small number of sub-
jects (P = 0.05). Following the HRT treatment, the spine
BMD increased in both genotype groups, however the
response of the spine BMD was not identical in both
groups. The increase in BMD was higher in the 55
groups compared to the Ss (3.1 £ 0.3% vs 1.8 £ 0.2%
P < 0.05; Fig. 1). Interestingly, HRT seemed to be less
effective in Ss group and only caused some positive
changes in lumbar spine compared to the baseline at
the 18th month. (Table 2) Femoral neck BMD changes
displayed a similar trend as in the lumbar spine
although less effectively (3.1 £ 0.3% and 1.8 + 0.2%
vs 2.0 + 0.3% and 1.1 = 0.1%, respectively) (Table 2).
Low-dose HRT caused an increase in the femoral neck
BMD in both genetypes but the increase was signifi-
cantly higher in the S5 group compared to the Ss group
(20+03% ws 1.1 *01% P<0.05). Although the
patients with the ss genotype were few, all parameters

© 2007 The Authors
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Figure 1 Mean percentage changes in bone mineral
density (BMD) in the Lumbar spine and the femoral
neck according to COLIAL genotypes, except the ss
genotype.
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Table 2 Bone mineral density (BMD) measurements by dual X-ray absorptiometry (DXA) at baseline and after 18 months of
hormone replacement therapy (HRT) according to the COL1A1 polymorphism (Mean * SD)

COL1A1 Genotypes
55 Ss £

BMD Lumbar spine Baseline 0869 = 0.081 0-839 = 0.077 0.822 = 0.066
lfgfcm2) 18th month 0896 = 0.051 0.854 = 0.039 0.815 = 0.043

Change (%) 31x03 18 +02 —0.85
BMD Femur neck Baseline 0.710 £ 0.73 0.685 + 0.083 0667 = 0.054
(g/cm?) 18th month 0.724 + 0.046 0.692 + 0.031 0.645 + 0.043

Change (%) 2.0+0.3 11=+01 -3.29

*P = 0.05. Change (%) in BMD is significantly different in the 55 genotype compared to other genotypes. BMD, bone mineral density.

were lower than the patients with the S5 and Ss geno-
types. Depending on the COL1AT genotype, the mean
BMD rose comparably in 55 homozygotes during the
treatment period, however the increase was negligibly
small in the Ss group in both the lumbar and femoral
neck (1.8 £ 0.2% vs 1.1 * 0.1%, respectively; Fig. 1).

Discussion

One of the most important candidate genes for predis-
position to osteoporosis is the COLIAI gene, which
encodes the 1{I) protein chain of type I collagen, the
major protein of bone. It is previously identified as
a single nucleotide G T polymorphism affecting a
binding site for the transcription factor Spl in the
COLIAT gene.™ This pelymoerphism has been associ-
ated with low BMD and an increased risk of
osteoporotic fracture in several studies. However,
other investigators have found no association between
COLIAT  genotypes and BMD or osteoporotic
fractures. """ It is clear that osteoporosis and related
fractures are important social problems affecting
quality of life significantly. The treatments are more
costly than the prevention. Although estrogen defi-
ciency is the major contributor to postmenopausal
osteoporosis, many confounding factors are relevant
including genetics. Various treatment modalities
including HRT and bisphosphonates are used in the
prevention and treatment of osteoporosis with great
variations in efficacy. Following the Women’s Health
Initiative (WHI) findings, an increased trend was
observed in the use of bisphosphonates, however cost
and long-term efficacy remains a problem in the era
of WHI proceedings.™ It has been demenstrated that
COLIAI Spl alleles are determinants of bone mass and
bone quality® Thus, this polymorphism is associated
with low BMD and fracture risk. Keen et al. have clearly
shown that in the population studied, COLIAI poly-
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morphism determined the osteoporotic risk confirm-
ing the original findings by Grant ef al? Moreover,
studies in two different populations in Denmark and
the Netherlands have revealed similar results contirm-
ing the role of the 's" allele in fracture risk. Our results
are consistent with the above studies, showing re-
ductions in BMD between the COLIAI genotypes,
although not significant. However, this may be a reflec-
tion of subject size, which necessitates further trials.
Recently, a meta-analysis of 26 studies confirmed the
association of the T allele of the Spl polymorphism
with a modest reduction in BMD and a significant risk
of osteoporotic fracture. Since poor response is always
observed in antiosteoporotic treatments, a tool identi-
fying this subgroup may reduce the cost and help to
choose the appropriate regimens. Prediction of treat-
ment response will have the potential advantages in
terms of cost and clinical outcome. Qureshi et al. have
reported that COLIAT Spl polymorphism predicts a
response to cyclical etidronate therapy™ Furthermore,
recent work has shown that osteoblasts cultured from
patients with ‘s” alleles produced an abnormal increase
in the ratio of alphal and alpha 2 chains. This impaired
osteoblast function may support the above findings of
Qureshi et al* Moreover, although not placebo con-
trolled, our study demonstrated a reduced response to
low-dose HRT in Ss genotypes compared to S5 sub-
jects. In regards to Qureshi ef al.’s findings, however,
we observed significantly less increase in both the
lumbar spinal and femoral neck BMD in Ss heterozy-
gotes. The above findings further support that effec-
tiveness and the appropriate use of antiosteoporotic
regimens are closely related to the COLIAT genotypes
of the aimed patient population. Whatever the under-
lying mechanism is, the above preliminary findings
have potential clinical implications in identifying a
subgroup of patients that may respond poorly to dif-
ferent regimens.
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In conclusion, it has been shown that osteoporotic
fractures were strongly associated with the COLIAT s
allele. Our Preliminary data supports that COLIAT s
allele is associated with lower BMD compared to
normal women. Furthermore, HRT had a lower
inerease in BMD scores following 18 months of treat-
ment in COLIAT s allele individuals compared with
normal SS individuals. Our study therefore may
provide evidence that the Spl polymorphism may
ameliorate the effects of HRT on BMD. Thus, we
suggest that some additional regimens may be used
to support the bone strength and decrease the
osteoporotic fractures on this occasion. Moreover,
COLIAT genotyping may be of clinical value in target-
ing different regimens to those most likely to respond
with potential benefits in terms of cost effectiveness.
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