T.C.
ERCIYES UNIVERSITESI
BILIMSEL ARASTIRMA PROJELERI
KOORDINASYON BIRIMI

PROJE BASLIGI

Proje No:TA-05-19

Bilimsel Arastirma Projesi

SONUC RAPORU

Proje Yiiriitiiciisii:
Yard.Dog¢.Dr. Cetin Saatci
Tip Fakiiltesi\ Tibbi Genetik AD

Prof.Dr.Yusuf Ozkul
Tip Fakiiltesi\ Tibbi Genetik AD






ICINDEKILER

Sayfa No
OZET
ABSTRACT
1. GIRIS
2.GENEL BILGILER
3. GEREC VE YONTEM
4. BULGULAR 10
5.TARTISMA VE SONUC 11
6.KAYNAKLAR 12
7.EKLER 15

© N o o1 b



OZET

Multiple myeloma hastalarinin tedavi dncesi ve sonrasi rezidual myeloma hiicrelerinin
(minimal rezidual hastalik-MRD) tedavisinde goriintiileme tedavinin etkinligi i¢in ¢ok biiyiik
kolaylik gosterecektir.Wilms’ tiimor genini ekspresyon seviyelerinin real-time k antitatif
polimeraz zincir reaksiyonuyla dl¢iilmesi 16semi ve myelodisplastik sendromda minimal
rezidual hastalik indikatorii olarak kullanimin yarari rapor edilmistir.Bu ¢alismanin hedefi
WT1 ekspresyon seviyelerini dlgerek,bu genin ekspresyonu ve multiple myeloma arasindaki
muhtemel iliskinin teshiste bulunmasidir.Eger bir iliski bulunursa, WT1 geni diger tani
faktorleriyle karsilastirarak MRD markiri olarak kullanilabilmesidir.Bu ¢alismada periferik
kandaki WT1 ekspresyonun seviyesini 50 yeni tan1 almis multiple myeloma hastasinda real-
time light cycler kantitatif polimeraz zincir reaksiyonu kullanilarak 6l¢iildii.Normal WT1 gen
kopya sayist <23ul cDNA bulundu.Multiple myelomali tiim hastalarda normalWT1-mRNA
seviyesi bulundu.Bu ¢alismaya goére WT1 ekspresyon analizlerinin multiple myelomali
hastalarin teshisinde rutin klinik uygulamalar i¢in genetik markir olarak kullanimi uygun

degildir.



ABSTRACT

Monitoring patients with multiple nyeloma during and after treatment for the presence of residual
myeloma cells (minimal residual disease-MRD) has been shown to give a major insight into the
effectiveness of treatment. It has been reportad that Wilms tumor gene (WT1) expression levels
measured by real time quantitative polymerase chain reaction was useful as an indicator of minimal
residual disease in leukomia and myelodysplastic syndrome.The aim of this study was to measure
levels of WT1 expression in order to find a possible association between the expression of this gene
and multiple myeloma at diagnosis.If an association was found, the WT1 gebe could be evaluated as
an MRD marker by comparison with other prognostic factors. We investigated peripheral blood WT1
expression level measured by real time light cycler quantitative polymerase chain reaction in 50
newly diagnosed multiple myeloma patients. The normal WT1 gene copy number was found to be
<23ul cDNA and all patients with myeloma were found to have normal WT1-mRNA levels. On this
basis WT1 expression analyses is unlikely to be a useful genetic marker for routine clinical use in

multiple myeloma patients at diagnosis.



GIRIS / AMAC VE KAPSAM

Multiple Myelom’ lu hastalarda tedavi oncesi ve tedavi sonrast Real-time PCR yontemini kullanarak,
WT1 geninin ekspresyonunun saptanmasi, saptanan bulgularin karsilastirilip, hastaligin erken
teshisinde, takibinde veya tedavi basarisinin izleminde kullanilabilirliginin gerekliligini tespit
etmek.Ayni hastalarda 13 nolu kromozomun uzun kolunda bulunan RB1 genine konvansiyonel PCR
yontemi kullanarak 13q delesyona bakmak ve MM’ lu hastalarda prognozla arasindaki iliskinin agiga

kavusturulmasinda literatiire degerli bilgilerin kazandirilmasidir.



GENEL BIiLGILER

Multple myeloma (MM), terminal differansiye B hiicrelerinin malignansisidir.Y1llik insidansi
yaklasik milyonda 40’ dir yani iilkemizde yilda 2800 yeni vaka ortaya ¢ikmaktadir.insidansi yasla
artar (ortalama 65 yas), 40 yasin altinda nadirdir, Afro karayiplilerde iki kat daha siktir.Sadece
radyasyon mazuriyet kesin epidemiyolojik risk faktorii olarak tanimlanmistir.Hastalik birkag¢ aydan 10
yila kadar degisebilen siire ile olduk¢a heterojendz sonug¢ gostermektedir.Konvansiyonel olarak
kullanilan prognostik faktorler [serum b-2 mikroglobulin (b-2 m), albumin ce C reaktif protein
(CRP) diizeyi, Durie- Salmon evreleme sistemi] hem kantitatiftir hem de her yerde kolaylikla elde
edilebileceginden MM’ li hastalarla ilgili klinik ¢alismalarda olduk¢a kullanislidir.Bununla birlikte bu
hastalardaki temel genetik anormallikleri gosteremezler.

Rpse et al. (1990) WTT1 geninin 11p13 bolgesinde yerlestigini saptamis ve Gessler et al.(1992) WT1
geninin genomik organizasyonunu tanimlamis, 10 exondan olustugunu bulmustur.iki bolgedeki
alternatif splicing in paterni, epidermal growth factor reseptér (EGFR), insulin-like growth factor-u
(IGF-11), IGF-I reseptor (IGFR-I) ve androgen receptor gibi biiylime faktorleri ve onlarin reseptorlerini
transkripsiyon faktoriinde, ayrintili olarak karakterize edilmistir. wtWT1 proteininde, trans-aktivasyon
domaini WT1’nin N-terminal kismindadir ve onun transkripsiyonal aktivasyonu, bu transkripsiyon
faktorlerinin hiicre biiylimesinin siiprese etme yetenegi i¢in kritiktir. Eger bu trans-aktivasyonu
damainini kodlayan dizide trWT]1 transkripti yokken DNA baglayan domaini mevcutsa, dominant
negatif gibi etki gosterebilir ve direkt onkogenezise dahil olabilir.Wilm’s tiimdriinde, WT1 geninde
birgok farkli delesyonlar ve nokta mutasyonlar bildirilmistir ki bununda mutasyona ugramis WT1
geninin liriinlerinin karsinogeneziste rol oynayabilecegini diisiindiirmektesir.Yiiksek ekspresyon
diizeyleri akut lenfositik 16semiler, akut myeloid l6semiler ve kronik myelositik I6semilerde
saptanmistir. Ama ekspresyonu multple myelomada arastirilmamaistir.

WT1 transkripsiyon faktoriiniin gercekten 16komogenezise katki m1 yaptig1 veya sadece immatur
fetotipi gosterdigi immatiir CD34+ progenitor hiicrelerde normal olarak ekprese edildigi ve
farklilasmanin WT1 downregiilasyonu ile iliskili oldugunun bulunmasina kadar acik degildi.Tiim
l6semili hastalarda [6semi hiicrelerindeki WT1 ekpresyonunun yiiksek olmasi kotii prognozla
iliskilidir.Ustelik WT1 ekpresyonunun yiiksek olmasi kotii prognozla iliskilidir.Ustelik WT1
ekpresyonu ve ¢oklu ilag rezistansi bazi hematolojik malignensilerle iliskilidir ki bu yiizden
hematolojik malignensilerde kemorezistansta potansiyel diagnostik bir marker olabilir. WT1
ekpresyon diizeyinin 16semili vakalarin sonucu ile direkt olarak korele oldugu diisiiniilmektedir.Bu
yiizden transkripsiyon miktarinin ve onun ana varyantlarinin tam olarak degerlendirilmesi kritiktir ve
hastaligin prognozu ve taninin dogrulugunu saglar.

Andploidi (flow cytometry ve fluorescence in situ hybridization (FISH) analizi ile degerlendirilebilir)

esas olarak MM’lu tlim hastalarda olmaktadir. Akut myeloblastik 1 ve lenfoblastik 16semili hastalarda



sitogenetik calismalarin prognostik dnemi uzun siire 6nce tanimlanmistir. MM da benzer ¢alismalarin
sistematik degerlendirilmesi, temel olarak hastaligin diisiik proliferatif dogasi nedeniyle geri
kalmigtir.Bu yiizden hastalarin biiyiik ¢ogunlugu (yaklasik 2/3 i) non-myeloma hiicrelerinin (normal
hematopoietik) metafazlarini yansitan non-informatif karyotipik bulgulara sahiptir.Konvansiyonel
sitogenetik analizler diger arastirmacilar tarafindan HDT veya standart tedavilerle tedavi edilmis
MM’ 11 hastalarda kotii prognostik faktdr olarak bildirilmistir. Kotii prognozda del 13 arasinda kesin
bir iliski heniiz tespit edilmemistir. Ama biz diisiinmekteyizki del 13 oldugu zaman 13q14
bolgesindeki RB1 tiimdr siipresor geninin haplo yetersizligi ortaya ¢ikmaktadir.Gen ekpresyon profil
teknolojisi,FISH ile del 13 saptanan hastalarda iki eksizyon tamir geninin 6nemli derecede down-
regulasyon oldugunu tespit etmistir.Boyle genlerin kaybi, genomik instabiliteye yol agabileceklerini
ve boyle hastalarda kotii bir sonug olacagini diistindiirtmektedir.

WTT1 geninin akut myeloid [6semi (AML), akut lenfoblastik 16semi ve kronik myeloid 16semili
hastalarda yiiksek oranda ekprese oldugu bulunmustur ve 16semik hiicrelerin viabilitesinde anahtar bir
rol oynadig diisiiniilmektedir. WT1 geninin real time kantitatif zincir reaksiyonu ile kantitatif
degerlendirilmesi son yillarda degisik tip l6semilerde allojenik kemik iligi transplantasyonundan
sonra minimal rezidiiel hastaligin tespit edilmesinde marker olarak kullanilmistir. Halbuki multiple
astalarda WT1 geninin tedavi 6ncesi tedavi sonrasi ekpresyonunun karsilastirilip hastaligin erken
teshisinde saptamak temel amacimizdir.Ayrica 13. Kromozomun uzun kolunda bulunan RB1 genine
konvansiyonel pcr yontemiyle bakarak 13q delesyonu ile MM arasindaki iligkinin ag¢iga
kavusturulmasinda literatiire degerli bilgilerin kazadirilmasi da ikinci amacimizdir.Ek yararlar olarak
WT1 ekpresyonunun ¢oklu ilag direnci ile iliskisi hakkinda simdiye kadar bazi hematolojik
malignensilerde bildirilmis bilgilere ek veri saglanabilecek ve ayrica bu ¢alismanin bir uzantisi olarak
Insulin-like growth factor I-reseptoriiniin, myelomada otokrin biiylime sinyali dongiisiinde etken
olabilecegi bulunmustur ki (WT1 ‘in IGF1-reseptdr geninin ekpresyonunun kontroliinde rol aldig

diistiniiliirse) bu baglamda IGF1 reseptor geni ile ilgili ¢aligmalar planlanabilecektir.



GEREC VE YONTEM

Eyliil 2005 ve Mart 2007 tarihleri arasinda yeni multiple myelom tanisi alan 50 yeni tanili hasta (75
yasindan kiigiik, hig¢ terapi almamis) alindi.Multiple myeloma ¢alismasina serum ve idrar protein
elektroforezi ve immiinoelektroforez, immiinglobiilinlerin serum seviyeleri kantitasyon, biyopside
kemik iligi plazma hiicre seviyesi, serum B2M, albiimin, LDH ve CRP seviyeleri.Hastalar VAD (
vincristine 1 mg, gunde 1; deksametazon 40mg/m2, giinde 1-4; deksorubusin 50mg/m2 giinde 1) veya

MP ( melphalan ve prednisolone) kemoterapi protokoliine gore tedavi edildi.

GENETIK ANALIZ:

Periferik kan 6rnekleri (Sml, Etilendiamin tetra asetik asit) tan1 aninda her bir hastadan

alindi. Toplamda 50 6rnek analiz adildi.Alt1 (6) saglikli kisinin periferik kan 6rnekleri kontrol olarak
kullanildi.

Real —Time light cycler kantitatif polimeraz zincir reaksiyonu (QRT-PCR)

RNA eldesi Qiagen RNA Blood mini kite (Qiagen , Hilden, Germany) gore yapildi.cDNA sentezi RT-
PCR kitine gore yapildi.Real-Time PCR Light Cycler Fast Start DNA SYBR Green kiti ile

calisildi. Ttim primerler Search-LC ( Heidelberg, Germany) ‘ den alindi.Hausekeeping gen olarak
ABL geni kullanildi.Her ¢alisma i¢in pozitif ve negatif kontrol kullanildi.Her bir 6rnekteki hedef
molekiil sayis1 farkli hedeflerden elde edilen standart curve analizine gore yapildi. Tiim 6rnekler ikiser

kez galigildi.



BULGULAR

WT1 ekpresyon seviyeleri negatif kontrol ve hasta grubu arasinda anlamli bir fark bulunamamigtir.
(WTTI gen kopyalar1 < 23ul cDNA) MRD pozitif 6rneklerdeki WT1 seviyeleri bizim hastalarimiza
gore oldukga yiiksek bulundu. 50 6rnekte de WT1 ekpresyonu tespit edilememistir. Ikincil hedefimiz
WTT1 geninin MRD takibinde marker olarak kullanilmasidir.



TARTISMA VE SONUC

WT1 geninin akut myeloid 16smi (AML), akute lenfoblastik 16semi ve kronik myeloid 16semili
hastalarda yiiksek oranda ekprese oldugu bulunmustur ve 16semik hiicrelerin viabilitesinde anahtar
bir rol oynadig diisiiniilmektedir. WT1 geninin real time kantitatif zincir reaksiyonu ile kantitatif
degerlendirilmesi son yillarda degisik tip 16semilerde allojenik kemik iligi transplantasyonundan
sonra minimal rezidiiel hastaligin tespit edilmesinde marker olarak kullanilmistir. Fakat multiple
myelomal1 hastalarda WT1 gen ekpresyonu hakkinda bir bilgi yoktur.Bu baglamda MM’l1
hastalarda WT1 geninin tedavi 6ncesi tedavi sonrasi ekpresyonunun karsilastirilip hastaligin erken
teshisinde veya takibinde veya tedavi basarisinin izleminde kullanilabilirliginin tespitini real time

PCR yontemiyle saptamak temel amacimizdir.
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1-Makale ekte sunulmustur.



Expression of WT1 gene in multiple myeloma patients at
diagnosis: is WT1 gene expression a useful marker in multiple

myeloma?

Cetin Saatcil, A. Okay Caglayanl, Ismail Kocyigit2, Hilal Akalinl, Leyla G. Kaynar2,Fevzi
Altuntas2, Bulent Eser2, Muzaffer Demir3, Mustafa Cetin2 and Yusuf Ozkull

1Department of Medical Genetics,

2Department of Hematology, Medical Faculty, Erciyes University,

Kayseri and

3Department of Hematology, Medical Faculty, Trakya University, Edirne, Turkey

Monitoring patients with multiple myeloma during and after treatment for the presence of
residualmyeloma cells (minimal residual disease — MRD) has been shown to give a major
insight into theeffectiveness of treatment. It has been reported that Wilms’ tumor gene (WT1)
expression levels measured by real-time quantitative polymerase chain reaction was useful as
an indicator of minimal residual disease in leukemia and myelodysplastic syndrome. The aim
of this study was to measure levels of WT1 expression, in order to find a possible association
between the expressionof this gene and multiple myeloma at diagnosis. If an association was found,
the WT1 gene could be evaluated as an MRD marker by comparison with other prognostic factors.
We investigated peripheral blood WT1 expression level measured by real-time light cycler
guantitative polymerase chain reaction in 50 newly diagnosed multiple myeloma patients. The normal
WT1 gene copy number was found to be ,23/ml cDNA and all patients with myeloma were found to
have normal WT1-mRNA levels. On this basis WT1 expression analyses is unlikely to be a useful

genetic marker for routine clinical use in multiple myeloma patients at diagnosis.

Keywords: Expression, multiple myeloma, WT1



Introduction

Multiple myeloma (MM) is a tumor of bone marrow plasma cells. It accounts for 10% of
hematologic malignancies and 1% of all cancer deaths.1 Incidence increases with age (median
65 years), it is rare under 40, and twice as common in Afro-Caribbeans. The only clearly
defined epidemiological risk factor is radiation exposure.2 Several adverse prognostic factors
including paraprotein levels, Hb count, serum calcium level, lytic bone lesions, and renal
function have been identified. These factors are combined in the widely used Durie-Salmon
staging system.3 Renal impairment is a risk factor only because of its association with high
tumour burden.4 Additionally, the international prognostic index (IPI) consisting of

beta-2 microglobulin and serum albumin level is also used as a prognostic factor. However,
the parameters used do not address the fundamental genetic abnormalities of the disease.
Deletion of 13q is an important adverse prognostic factor5 and the presence of

hypodiploidy is strongly associated with poor prognosis in MM.6 In contrast to the acute
myeloblastic and lymphoblastic leukemias7,8 where the prognostic importance of cytogenetic
studies has long been recognized, the systematic evaluation of similar studies in MM has
lagged behind, mainly because of the low proliferative nature of the disease. Therefore, the
majority of patients (approximately two-thirds at presentation) have non-informative
karyotypic studies which reflects the analysis of only the metaphases of

(normal hematopoietic) non-myeloma cells.
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In recent years, the use of Wilms’ tumor gene as a ‘panleukemic’ marker has been
investigated in various studies.9—11 WT1 encodes a transcription factor involved in the
pathogenesis of Wilms’ tumor. Although the role of WT1 in tumorogenesis has not been well
defined, further analyses of the gene have shown that the level of expression is high in most
patients with acute leukemia and CML.12,13 Longterm monitoring of WT1 levels has been
used to detect early relapse and predict the prognosis after chemotherapy or allogeneic stem
cell transplantation. 14-16 An association between WT1 expression and relapse has been
found a number of studies.17—-19 However, there is very little data concerning the monitoring
of WT1 levels in myeloma patients and its effect on prognosis. Our primary goal was to
evaluate peripheral blood (PB) WT1 level as genetic marker at diagnosis and the secondary
goal was to determine the association with the WT1 gene as an MRD marker by comparing

the other prognostic factors.

Methods
Patients Between September 2005 and March 2007, 50 newly diagnosed patients with

symptomatic MM (75 years or younger, no prior therapy) were enrolled in this prospective
study (Table 1). Written informed consent had been obtained from all participants in keeping
with institutional and National Cancer Institute guidelines. Multiple myeloma work-up
included analysis of serum and urine protein electrophoresis and immunoelectrophoresis,
guantitation of serum levels of immunoglobulins, bone marrow plasma cell level on biopsy
and aspirate samples, serum B2M, albumin, LDH and CRP levels. Baseline MRI
examinations were performed of the axial skeleton (head, shoulders, sternum, spine and
pelvis). 20 Patients were treated with VAD (vincristine 1 mg, day 1; dexamethasone 40
mg/m2, days 1-4; doxorubicin 50 mg/m2, day 1) or MP (melphalan and prednisolone)
chemotherapy protocol.21

Genetic analysis

Peripheral blood samples (5 ml, ethylene daimine tetra acetate) were drawn from each patient
at diagnosis. A total of 50 samples were analyzed. PB samples from six healthy volunteers
were used as controls. Real-time light cycler quantitative polymerase chain reaction (QRT-
PCR) RNA preparation and reverse transcription: The total RNA was isolated from 1 ml of
buffy coat, obtained through centrifugation (400 g for 10 min). The buffy coat was transferred
to 6 ml of red cell lysis buffer included in the Qiagen RNA Blood Mini-kit (Qiagen, Hilden,



Germany). RNA extraction was then performed according to the manufacturer’s instructions.
The cDNA was prepared using first strand cDNA synthesis kit for RT-PCR according to the
manufacturer’s instructions. Real-time PCR was performed with the Light Cycler Fast Start
DNA SYBR Green kit. All primers were obtained from Search-LC (Heidelberg, Germany).
The calculated number of specific transcripts was normalized to the housekeeping gene ABL
and presented as adjusted transcripts/ml cDNA. We used negative and positive controls of
each run. The number of target molecules in each unknown sample was calculated
automatically using the standard curves from each different target. All samples were run in

duplicate and a negative control was included in each run.

Results

The WT1 expression expression levels were not significantly different between negative
control and the patient group (WT1 gene copies ,23/ml cDNA). In addition, WT1 levels in
MRD positive samples were significantly higher than in our patients (P,0.05). Because WT1
expression was not detected in 50 samples, the secondary goal to determine the association
with the WT1 gene as an MRD marker by comparing the other prognostic factors was not
performed.

Table 1 Patients clinical and laboratory characteristics

Number of patients 50

Median age (range), years 57.5 (30-81)
Males females, n 32 male, 18 female
M component isotype, n 50

19G 31

IgA 12
Non-secretuar 7

Light chain, n 50

Kappa 20

Lambda 14

Non k, non | 9

Stage (Durie-Salmon) 50

I 9

I 22

Il 19



Median B2MG level (range), mg/I 11.85 (2.6-24.3)

Median CRP level (range), mg/l 18.95 (2.3-152)
Median LDH level (range), U/l 145 (100-190)
Median Hb level (range), mg/dl 9.8 (6.8-13.7)
Median BMPC (range), % 55% (20-95%)

B2MG: b2-microglobulin; CRP: C-reactive protein; BMPC: bone marrow plasma cells; LDH:

lactat dehydrogenase.

Discussion

The clinical course of patients with multiple myeloma is highly variable. A large part of newly
diagnosed cases of MM have a normal karyotype and abnormalities are more often seen in
advanced disease that is associated with an increased proliferative activity of malignant cells.
FISH testing for specific chromosomal abnormalities in patients with normal chromosome
studies has identified an abnormal clone in 45% of cases.22 Deletions of 13914, 17p13, and
11923 are all associated with poor prognostic factor.23-25 14q32 translocations involving
chromosomes 4 and 16 have also been identified.8 Additional common cytogenetic changes
can be seen as hyper- or hypodiploidy and abnormalities involving the chromosome 1q. Also
further genetic instability is initiated through alteration of proliferation or apoptosis pathways.
Pathways with identified mutations include the nuclear factor-kB pathway, ras and p53.
Sensitive MRD assays are essential for detection of a threatening relapse and the early start of
immunotherapeutic interventions. However, current MRD assays are heterogeneous and
disease specific approaches are sometimes needed. Therefore, the idea of using WT1 as a
MRD marker was an obvious area of study in myeloma patients. Hatta et al. examined the
association of clinical parameters and WT1 expression in bone marrow for 17 newly
diagnosed multiple myeloma patients and found WT1 transcripts increased when clinical
factors deteriorate, including the stage, amount of M protein, Hb, platelet count, blood urea
nitrogen, creatinine, serum alkaline phosphatase, calcium, beta2-microglobulin, thymidine
kinase activity, and C-reactive protein.26 In contrast, an association between WT1 expression
and multiple myeloma was not shown in present study. This difference may be partly
explained by differences in sensitivities, the use of qualitative versus quantitative analyses and
sample type. The concrete role of WT1 in hematopoiesis and leukemogenesis still remains

unclear. It is reported that WT1 expression levels in PB samples by quantitative RTPCR were



significantly lower when compared to bone marrow samples in healthy individuals and the
WT1 expression level was quite low and sometimes undetectable by quantitative RT-PCR.27
On the other hand, Inoue et al. reported that WT1 expression inBM was one log of magnitude
higher than in PB.14 In present study, a comparison of the range of WT1 levels in patients and
MRD positive samples showed that all of the patients are within the same range as the
MRDnegative ones. Therefore, WT1 analysis in BM may be more sensitive than PB in
myeloma patients. In conclusion, there is a constitutive low expression of WT1 in myeloma
patients in peripheral blood and WT1 expression analysis may not be a practical genetic

marker for routine clinical use in myeloma patients at diagnosis.
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