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Klasi¢na hipoteza o nastanku raka: (proto)onkogeni in tumorje zaviralni (supresorski) geni.
http://en.wikipedia.org/wiki/Cancer
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HOW ANEUPLOIDY COULD CAUSE CANCER

Abnormal chromosome numbers in a cell create conditions that lead to further chromosome damage and disarray. With each new generation,

Mitotic spindle Carcinogen 1 Because of a random accident 2 Most resulting cells are not viable
ordamage by carcinogens to and die, but a surviving cell may
chromosomes or mitotic machinery, a continue proliferating. Low aneuploidy in
dividing cell distributes its chromosomes its offspring begins to compromise their
unevenly between two daughter cells, internal functioning, but they are not yet
leaving both aneuploid. « multiplying excessively.
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resulting cells grow increasingly unstable and develop ever more malignant traits.

Skewed dosages of proteins generated by the Cells begin exhibiting progressively Malignant features, such as the ability
cells’ irregular chromosome complements more deviant traits as aneuploidy to invade neighboring tissue or
cause instability that further disrupts regulatory increases and their protein production metastasize to distant locations and
and DNA-maintenance processes. Additional grows more aberrant. These changes include intrinsic resistance to drugs, may also arise
chromosome breakage, structural rearrangements atypical appearance and hyperproliferation, as random effects of the internal chaos
and duplication errors arise. leading to formation of a tumor. caused by the cells’ escalating aneuploidy.

Hipoteza o anevploidnoéti kot primarnem vzroku za nastanek raka.



Clonal evolution
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Pri klonskem razvoju raka nastanejo subpopulacije razliéno
malignih celic.

C. Caldas: Nature Biotechnol., 2012. 13:141.
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Chen and Ding: Genome Biology, 2012, 13:141.


http://genomebiology.com/2012/13/1/141/figure/F1
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Hipoteza o mati¢nih celicah raka.

T. Reya et al.: Nature, 2001, 414:105-111.
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“Disease gene” Concept
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In “simple disorders” we investigate one or few genes / proteins.




Looking for location (exon) harbouring mutation:
SSCP = single strand conformation polymorphism (exon amplification)
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Typical electrophoresis gel showing SSCP analysis of a point
mutation
From left to right: lanes 1-3 are homozygous for the wild-type, lane 4 is

heterozygous for the mutant, lane 5 ishomozygous for the mutant and
lane 6 is DNA marker.




GENOMICS

INn cancer research

We, as most cancer researchers have long focused on
mutations to a relatively small set of cancer-related genes as

the decesive events in the transformation of healthy cells to
malignant tumors.




Schematic representation of nucleotide
changes found In Slovenian patients with
gastric cancer

A92P E4330Q K618A
Found in 2 Found in 1 patient: Found in 2
patients: 4 and 34. 34, patients: 4 and 34.
Primer mutacijske analize
konkretnega gena kot
vpletenega v razvoj raka (GC).
3 4 5 6 7 8 9 10 11 12 13 14 15 16
hMLHl/\/ [ / [ [ ] [ R T /\/hMLHl
VS5 453+79 A>G 1219V 1039-7 del (T), 1668-19 A>G
Found in 3 patients: 4, Found in 4 patients: Found in 5 patients: Zogzdglg SSgatlegts:
38 and 63. 4,34, 38 and 63. 34, 38, 56, 59 and MAdthahe an
63. '

Hiidler P et al 2005



FUNCTIONAL GENOMICS

Post-genomic approach is based on functional genomics that
considers a cell, at a physiological state under investigation, as a
system of simultaneous, networking events at the levels of
transcriptome and proteome.




Enonukleotidni polimorfizmi (SNP) posami€éno nimajo izrazitega fenotipskega ucinka, v skupini pa so poslediéno
odgovorni za razlike v kompleksnih proteinskih (npr. komunikacijskih) mrezah, ki se razli€no odzovejo na zunanjo motnjo,
signal
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FUNCTIONAL GENOMICS

Transcriptomics

did
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FUNCTIONAL GENOMICS

Proteomics

http://www.childrenshospital.org/cfapps/research/data_admin/Site602/mainpageS602P0.html



http://www.childrenshospital.org/cfapps/research/data_admin/Site602/mainpageS602P0.html

CANCER BIOMARKERS

In research & practice
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Questions that can be answered by cancer biomarkers

Prognostic Diagnostic Predictive
Is it likely to What type of Is this t:'1e
i optima
develop cancer is it? dp ’
this cancer? rug ror my
cancer?

Pharmacodynamics Recurrence
/ What'sthe  \  /  Willthe
optimal dose | | cancer

for my body? | return?



Membrane-
tethered
ligands

EGF, TGF-a, or
other ligands
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Biooznacevalci kot
tarCe za zdravljenje
raka:

Proti povrsSinskim
proteinskim
biooznacevalcem
obi¢ajno razvijamo
blokirajoca
monoklonska
protitelesa, proti
notranjim pa
specificne male
molekule (preko
racunalniskega,
virtualnega
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Cetuximab

£
Gefitinib /q
sy ct

< ]| Activation of gene wil lead to increased:
. @Tf} GpL - Proliferation
Raptor - Differentiation
4 - Cell motility
\ - Adhesion
ERK1/2 AL
\ Activation 7 Activation
e e
= ) STAT 3
@ee @ o o e

eme T ap- et ex j saell es T BORA@ @ S OH TSN

l;m;

Source: Expert Rev Proteomics @ 2009 Expert Reviews Ltd
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Seznam ugotovljenih oznaevalcev mati¢nih celic raka, ki pa na zalost niso zelo specifi€ni,
saj jih izrazajo tudi Stevilne celice zdravih tkiv kot tudi normalne mati¢ne celice.

Table 1: Surface markers used for the identification of CSCs

Marker

Expression in healthy = Marks cancer stem cells
tissue in

ABCB5,ATP-binding cassette transporter B5
EpCAM, epithelial cell adhesion molecule

ESA,

CD19
CD20
CD24
CD34
CD38
CD44

CD90
CD133

EpCAM/ESA

ABCB5

epithelial-specific antigen.
Broadly on B lymphocytes B cell malignancies
Broadly on B lymphocytes Melanoma

Broadly on B cells; Pancreas/lung cancer,
neuroblasts negative on breast cancer
Hematopoietic and Hematopoietic

endothelial progenitors  malignancies

Multiple stages of B and T Negative on AML

cells

Broadly on many tissues Breast/liver/head and
neck/pancreas cancer

T cells, neurons Liver cancer

Proliferative cells in Brain/colorectal/lung/liver
multiple organs cancer

Panepithelial marker Colorectal cancer,

pancreatic cancer
Keratinocyte progenitors Melanoma



Nadaljujem s primerom iskanja proteomskih oznacevalcev karcinogeneze pri glioblastomu.

“‘Glioma” is a general term used to describe any tumor that arises from the

supportive (“gluey”) tissue of the brain. This tissue, called “glia,” helps to keep
the neurons in place and functioning well.

GLIAL CELLS

ASTROCYTE

Astrocytes are the cells that

/i

make up the “glue-like” T
gr supportive fissue of the g Jé//{
rain. | \Z(

C /Srna pse

There are three types of normal glial cells that can produce tumors. An
astrocyte  will  produce astrocytomas (including glioblastomas), an
oligodendrocyte will produce oligodendrogliomas, and ependymomas come
from ependymal cells. Tumors that display a mixture of these different cells are
called mixed gliomas.

www.ABTA.org, 2013



http://www.abta.org/
//upload.wikimedia.org/wikipedia/commons/3/30/Chemical_synapse_schema_cropped.jpg

Neural progenitor

Ascl1, DCX, DLX,
NG2, Olig2, NES

® — @

Neural stem cell Glial progenitor
GFAP, Sox2 Olig2, Ascl1, Sox2,
NES, PDGFRA PDGFRA, S100B, NG2, NES r w
l l Astrocyte Astrocytoma

: j : :: : I GFAP, S1008B

Oligodendroglioma Oligoastrocytoma Astrocytoma

The normal differentiation process originates three main types of cells in the
mature CNS: neurons, glial cells (oligodendrocytes, astrocytes, ...), and
ependymal cells (not shown). Malignant transformation occurs through
didefferentiation process either from glial cells or from glia progenitor cells and/or
from neuronal stem cells.

Celine S. et al., INTECH, 2013
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Common genetic alterations in GBM affect the RB, p53 and RTKs pathways:
activation of oncogenes and loss / inactivation of suppressor genes.




Complex signaling pathways and cellular factors regulate glioma CSCs. Glioma CSCs
are controlled at multiple levels by complicated regulatory networks.

Stemness maintenance,
survival, proliferation...

NN
/ Y
S

mRy, 4

Stemness maintenance, \/

Stemness maintenance, L
Differentiation survival, proliferation...

survival, proliferation...

Li Z et al. J. Biol. Chem. 2009;284:16705-16709



Characteristics and fates of normal neural progenitor cells and cancer stem cells.
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TRENDS in Neurosciences

Cancer stem cells within a brain tumor can arise from normal stem cells or
from neural progenitor cells that harbor mutations. Cancer stem cells within
glioblastomas can be particularly resistant to cytotoxic therapies, and therefore
are a source of cells for cancer recurrence. To meet the challenge of a cure for
glioblastoma, new therapies that selectively suppress proliferation and/or Kkill
cancer stem cells must be found.

Zhang P. et al, TIN, 2009
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Biomarkers: Can be measured in;:

-diagnostic - cerebrospinal fluid (CSF)
- prognostic - serum
- predictive - tumor tissue

- pharmakodynamic

Glioblastoma
Immunohistochemistry: MGMT protein, EGFRuvIII, IDH1 R132s variant

CSF: There is no diagnostic, prognostic or predictive CSF marker in clinical use.
[bFGF, VEGF; MIC-1/GDF15, deoxytimidine kinase, NSE, tenascin neuronal stem
cell marker prominin-1/CD133; GELSOLIN, Rho GDP-dissociation inhibitor o,
IGHGL...]

Serum: EGF, glycoprotein YKL-40; cathepsin D, caldesmon 1-CaD, recoverin,
GFAP

Molecular and genetic markers: MGMT, IDH1 / IDH2, A 1p & 19q
Predictive for drug response: EGFRvIl, PTEN
Stem cell markers: CD133, A2B5, CD15; podoplanin, integrin alpha 6

Ugotovitev: pomanjkanje specificnosti biooznaéevalcev samo za mati¢ne celice raka (glioblastoma).




Konvencionalen
proteomski
pristop iskanja
novih
proteomskih
biooznacevalcev
raka.

e 1222 ~ ELISA
- Real-tlme PCR Western blot/ '
- | + - -

2-DE or ‘ 2-DE or
Quantitative a proaches Quantitative approaches




Database of differential proteins

* Venn diagram with data
after BH correction of
p-values, from the “3-
way comparison”

— 1982 proteins detected,

— (27 proteins
differentially expressed
(with p < 0.05) among
the three groups;

— 482 proteins

differentially expressed
(with pBH < 0.05 —
corrected p-value).

Spheroids

U.Rajéevi¢, T.Lah TurnSek et al., GLIOMA, 2011.



Proteins specific to GSC ar common to GSC & GBM spheroids

Cells

EGFR FGFR

EGFR & FGFR

GSC (NCH cell lines)

KRR1 (RIP-1) | EBNA1BP2

CDKN2A, CDK4

GSC & GBM spheroids | HIBADH YARS, COL11A1, SERPINE1 (PEDF) | CDS, DNM-2
Selection of 4 candidates (FDR<0.05)

Protein Protein name FDR value | Specificity

KRR1 (RIP-1) Minor processome component 0.036185 | GSC (NCH)

DNM-2 Dynamin 2 component 0.048839 | GSC & GBM spheroids
SERPINE1 (PEDF) | Serpine peptidase inhibitor isophorm 1 | 0.047688 | GSC & GBM spheroids
CD9 Antigen CD9 0.002746 | GSC & GBM spheroids

NeZa Podargajs, 2013



Tetraspanin protein family; CD9 antigen

http://en.wikipedia.org/wiki/Tetraspanin



Nano-protitelesa kot orodje za nov
pristop iskanja proteomskih
oznacevalcev raka.
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CAMELIDAE (camels, llamas)
heavy chain ANTIBODIES

VHH:

» single domain, small size (15 kDa)

Classcal A Heavy-chain Ab - high expression levels

” @ ” @ - soluble and stable

& LR - casy to handle compared to scFv

50 % 50 %
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immunization
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Immunization was performed with laminin-grown GBM stem enriched cells.




S to tehnologijo ugotovljeni proteomski
biooznacevalci maticnih celic glioblastoma
so Se v postopku za objavo.



Razvoj multipleksnega testa ELISA z vezanimi
ugotovljenimi specifi€nimi nano-protitelesi:
diferenéno barvanje proteinov iz rakastega in
normalnega (referenénega) tkiva.

Za diagnostiko je zelo dobro, €e ugotovlijeni
specifiéni biooznacevalec lahko najdemo tudi v
telesnih teko€inah (kri, urin, cerebrospinalna
tekoc€ina).



http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=QhaA-vXaism8_M&tbnid=aij2h0Qn4Es5wM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.rockland-inc.com%2Fstore%2FEnzyme-Substrates-TMBE-RED-1000-O4L_24098.aspx&ei=S6c2U57YGonXtQb924GQBg&psig=AFQjCNEIguRkb4fFeS3GHFGVu6fU_Dijbg&ust=1396176930965982

Razvoj diagnosti¢nega proteinskega bio-Cipa z vezanimi nano-protitelesi.
Detekcija vezave: povrsinska plazmonska resonanca.
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DNA Array to Protein Array (DAPA)

DNA microaray
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Razvoj diagnosti¢nega proteinskega bio€ipa z vezanimi nano-
protitelesi na osnovi tehnologije DAPA.
Detekcija vezave: na osnovi diferenénega barvanja proteinov.
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