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Tumor development

CNS tumors

Oncogenic alteration

‘ Tumor suppressor genes
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Tumor development

CNS tumors

Acquired Capabilities of Cancer

» most if not all cancers have acquired the
same set of of functional capabilities Evading
during their development, albeit through apoptosis
various mechanistic strategies.

> six functional chacteristics of cancer:

1) persistant growth signals

2) evasion of apoptosis

3) insensitivity to anti-growth signals
4) unlimited replicative potential

5) angiogenesis

6) invasion and metastasis

+ the seventh hallmark of cancer:
7) metabolic changes Sustained Tissue invasion

(characteristic metabolic signature of angiogenesis & metastasis
cancer cells)

D. Hanahan, R. A. Weinberg; Cell, 2000;
Yeung et al., Cell. Mol. Life Sci 2008
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Fluxes of matter and energy in differentiated, proliferating and cancer cells
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GLYCOLYSIS protihbes : Biosynthesis :
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OXPHOS

DIFFERENTIATED CELL PROLIFERATING CELL CANCER CELL

Proliferating and cancer cells: high demand of glucose to provide metabolic precursors for the biosynthesis of
the macromolecules of daughter cells and because most of the energy required for anabolic purposes derives
from non-efficient non-respiratory modes (glycolysis, pentose phosphate pathway) of energy generation



Tumor development

CNS tumors
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CNS tumors Glioblastoma

Glioblastoma Multiforme (GBM)

most common primary tumors of the brain

incidence of about 25,000 new cases per year in the United States

patients with GBM have a poor prognosis, with a median survival of one year
with aggressive therapy

mainstays of treatment include surgical resection, radiation, and chemotherapy
gliomas generally recur at the surgical resection margin(s)

GBMs are grade IV tumors: aggressive, invasive, destructive malignancies, with
increased mitotic activity, pronounced angiogenesis, necrosis, and proliferation
rates two to five times higher than grade Ill tumors

Most de novo GBMs: no alterations in TP53; nearly all carry EGF receptor (EGFR)
gene amplifications

a lowgrade to a high-grade glioma often involves the serial accumulation of
genetic alterations that inactivate tumor suppressor genes—such as TP53, p16,
RB, PTEN —or activate oncogenes such as MDM2, CDK4 and CDK®6



CNS tumors Glioblastoma
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neuroimages from a patlent with glioblastoma multiforme Hlstopathologlcal examples of patlent s tumor |

EGFR Amplification/Over-expression/ Mutation

Neuronal Tumors
E

p16 Mutation/Hy permgfhylation

growth factor signaling
cell proliferation,
Primary GBM cell cycle progression,
{de novo) apoptosis inhibition

?0ther mechanisms F-

Tumor Cell

PTEN loss

CELL OF ORIGIN ; 5
Secondary GBM

3y saal y
(Progression)

v \ direct dys-regulation of

—>»  Grade Il PTEN loss cell cycle arrest
Survival (2-5 years)

Oligodendroglioma

Functional p53 loss;
PDGFR, FGF2
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CDK4 amplification;
Rbloss:;

pié loss Well, PloS Medicine, 2006



Isogenic U251-MG Recombination efficienc
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How many cells express the recombinant gene / protein?

Glioblastoma U251-MG U251-MG
Cell line Acceptor Target
U251-MG Cell line Cell line
Jg%= . 1strecombination . 2"d recombination

‘ > . = \ .’ -
: » = .’Q' -
e TetR
TetR g

hcRed

-




leaky promoters
proliferation rates

Isogenic U251-MG

120

100,0 101,86 100,0 1018

100 -

80

60

40

20 I l
0

Ctrl Ctrl PTEN PTEN Ctrl Ctrl TP53 TP53
Tet- Tet+ Tet- Tet+ Tet- Tet+ Tet- Tet+

Relative Cell Proliferation (%)

@ Ctrl: Control; recombinant U251-MG with empty plasmid; deficient for PTEN and TP53

@ PTEN/TP53: isogenic U251-MG; recombinant for either PTEN or TP53 (Tet-On inducible)

o “leaky” tet promoters: leaky but low expression of PTEN results in significant reduction of proliferation
@ TP53: in comparison to PTEN more TP53 is necessary for proliferation (tumor) suppression

@ Can qualitative and quantitative differences be measured?
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Isogenic U251-MG Single cell analysis

Do analysed cells express Protein expression
PTEN / TP53?

Spectral Imaging Western-blot analysis (parallel)
(excitation 750nm, 800 nm, 850nm and 880 nm) verification of protein expression

PTEN-I

3 42h 15h

TP53-~1

BBh i6h 42h 15h Oh la

o9 N o
- - a o 50

ash

‘ measurements of approx. 7-10 cells

B 12 3 4
Aim ‘ Parallel immunocytochemical detection PTEN —

in cells and at western blot
it QUSRS T




2PH: Parallelansétze (ca 48h nach Ind) + Kin1

Serie: 1 2 3 4 K 5 Isogenic U251-MG
Kont Kont Kont Kont Kont Kont
Kont-I Kont-I Kont-1 Kont-I Kont-1 Kont-1
PTEMI  PTEWI  PTENA  PTEWI  PTERMI  PTEN Spectral analysis 48 h induction
Sa 250403 [spitpe]  [spps]  [Spitps]  [soitps]  [seips]| [ Selitpd ]
48h
i:‘: 27.04.09 1300 Auszast
21k . -
i o o U « Measurements after 48h Tet —induction

7 —10 cells /| measurements
e 750nm, 800 nm, 850nm and 880 nm
» Mean values for each wavelength / single cell

M 290409 42n 1ol

+«—|=

— [ |

Do 20,0408 100
r v Y L

Fr M05.03 1200 Aussast | Splt p3 | | Split 3 | | Split 3 |
Z3h

"
L
Sa 020509 oo Ind

So 030509 l"&h 95h 56h I |'|:|::||'|'I:-|:I E-tl:_l' 21 SpeCtra

R i i BKort-PEbe 27 spectra

Oi 050509 tz00 [ind ] v ¥ e D PTEN"'PE‘t’i 28 Spectra

15:30 |Aussaat| |Aussaat |

P ‘B TP53-PE4t 30 spectra

Mi o 0B0505 1o [ Ind | [ ind |

Do 0705038 10:50 m ah m _’
l Data used for training of PATTERN EXPERT

Fe | oeto0s] moo El ECE v e
15:00 Aussaat program
2Th
b4
Sa 090509 1300 Ind
45h

So 10.05.03

Mo 0509 1000 e — [we |




Isogenic U251-MG Analysis of spectra

PATTERN EXPERT and software airspect
(Adaptive Information Extraction and Research System for Spectroscopy)

Control
AcceptorCL + empty plasmid
Recognition Schemes -
Q‘/‘P\ % B Kort-PE4d  non-induced
Scheme MNames / Class Names \\ : IHE'I'Tt -PE-t induced
[ Jmzx
E""IH""“'PEM Spectra
..... I Kort-|-PE 4 : PTEN/P53
..... |:|F'TE|"'.| |-PE+dt AcceptorCL .
+ PTEN or P5
----- W TP534PES >
,Training*“: Control, no induction ? ; DF‘TEN |-PE4¢ Non-induced
Control, induction induced
PTEN, induction \\ ITF'E-H PB4t

TP53, induction
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Isogenic U251-MG

Recognition Schemes

Scheme Names / Class Names

[]mzx

-l Kort-PE4dt
ol Kort--PE4¢
i PTEN--PE4t

0.2

0.15

Absorbance

0.1

0.05

Wavelength in nm

Absorbance

Analysis of spectra

02

015 -

0.1+

0.05 o

Wavelength in nm
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Isogenic U251-MG Analysis of spectra

1. Ableitung der Mittelwert-Spektren

022 -

0.22 o
02—
0.2
0.18 4
0.18
0.16 o
5 015 -| £
a | &
o @ 4
é J CHPA
0.14 -| ]
1 012 o
0,12 - ]
4 0.1
0.1 b
4 0.08 -
0.08 L
T T T T T T T T T T
650 [=11] 550 500 450 650 600 550 500 450
Wavelength in nm Wavelength in nm
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Isogenic U251-MG Analysis of spectra

Virst Derivatives

 Spectral ROl pattern Wavelengthin nm
defined by training ]

 Used for classification
of cell specific spectra

First Derivatives

Wavelength in nm



Self-testing neuronal network

» Internal control of each spectra and classification

(lassification Resut

Kont--PEd PTEN--PEd TP53-PE4d

sum

0{0.0%) 0{0.0%) 0{0.0%)

2
Kont--PE2  |1(3.7%) 0(00%) 13.7%) Z
PTEN--PESE |0(0.0%) 2(71%) 1(36%) A
TPa3-PELE [1(3.3%) 0(0.0%) 0(00%) q
sUm 23 2 5 106

ZAFH Photon "

» accuracy between 90% to 100%
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Kinetik 2: Doxy-Puls
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* Measurements after
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* 7 —10 cells / measurements
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* Mean values for each
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Data used in trained
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Isogenic U251-MG Spectral analysis

-passages-

2PH: Vergleich Passage 27 vs 35

Zellen aus p27 p27 P35 p35
Kont Kont-1 Kont Kont-|
TP53 TP53-1 TP53 TP53-1
PTEH PTEH-I PTEH PTEH-I
k Ind
Fr n03.09 w00 - | Auzsaat | |.ﬂ-.ussaat| |.ﬂ-.ussaat| | .ﬂ-.ussaatl
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¥ ¥
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5h 5h 5h 5h
¥ ¥ ¥ Y
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So fx0a0d woo 0 - -
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Kinetik 3 : Dauer-Doxy
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NADH-Test a) verdndert sich MNADH dber Kultivierungszeit unabhangig von Induktion 77
bl haben Medienwechsel oder Spltten Einflu 77

Isogenic  Spectral analysis

»  HKont je50.000 U251-MG -NADH-
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Unknown Spectra to Be Recognized

Spectum Name Info: MZK: MZK:
P File Name Classffication Result Confidence

1 | Kont-Dh-1_107 Kont-Oh-1 bt PTEN--PE4¢t T EEE

2 |Kont-Th-2_108 Kont-0h-2 b PTEN--PE4dt e

3 |Kont-Th-3_109 Kont-Oh-3.b¢ PTEN--PE4d T EEE

4 |Kont-Oh-4_110 Kont-0h-4 bt Kort-I-PE-tt I | -

5 | Kont-Dh-5_111 Kont-0h-5.0xt Kont-1-PE-be I |

& |Kont-Dh-6_112 Kont-Oh-6 bt PTEN--PE4dt I (e
7 |Kont-18h-1_113 Kont-1-18h-1 bt Kont-1-PE-bt T IEZC)
8 |Kont--18n-2_114 Kont-1-18h-2 bt Kont--PE-bt T 1ERL
9 |Kont--18h-3_115 Kont-1-18h-3 bt Kont-1-PE-bt e
10 | Kont-1-18h-4_116 Kont-1-18h-4 bt Kont-1-PE-bet T ER)
11 | Kontd-18h-5_117 Kont-I-18h-5 bt Kort-I-PE-tt T el
12 | Kont-18h-6_118 Kont-I-18h-6 bt Kont-1-PE-be I i ©
13 | Kont--18h-7_119 Kont-1-18h-7 bt Kont-1-PE-bt I | 0 0
14 | Kont--18h-8_120 Kont-1-18h-8 bt Kont-1-PE-bt T EXI
15 | Kont-I-18h-3_121 Kont-1-18h-3 bt Kont--PE-bt D i ©
16 | Kont--18h-10_122 Kont--18h-10.0 PTEN--PE4dt T R )
17 | Kont-1-41h-1_123 Kont--41h-1.b¢ Kont-1-PE-bet T EE
18 |Kont-41h-2_124 Kont--41h-2 bt Kort-I-PE-tt | @
19 | Kont1-41h-3_125 Kont--41h-3 bt Kont-1-PE-be I 70
20 |Kort-1-41h-4_126 Kont--41h-4 bt Kont-1-PE-bt [ TEEL
21 |Kont--41h-5_127 Kont--41h-5 bt Kont-1-PE-bt —  1EEL
22 | Kont--41h-7_128 Kont--41h-7 bt Kont--PE-bt I (e
23 | Kont--66h-1_129 Kont-1-66h-1.6¢ Kont-1-PE-bt T EHD)
24 | Kont--66h-2_130 Kont-1-66h-2 bt Kont-1-PE-bet T )
25 | Kontl-66h-3_131 Kont--66h-3 bt Kort-I-PE-tt T IE
26 |Kontl-66h-4_132 Kont-1-66h-4 bt Kont-1-PE-be [ EEHED)
27 | Kont-1-66h-5_133 Kont-1-66h-5.b¢ Kont-1-PE-bt )
28 | Kont-1-66h-6_134 Kont-1-66h-6 bt Kont-1-PE-bt I | 00
29 |PTEN-Dh-1_135 PTEN-Oh-1bd PTEN-PEGC — EXILJ
30 |PTENGHh2_136 PTEN-Th-2¢ rEnPEe. O DB | 22 @
3 |PTEN-h-3_137 PTEN-Th-2 ¢ PTENAPEDE  (p @) )
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13 |PTEN-Oh5_139 PTEN-Dh-5¢ rrentrEse D O I 0 @

S

34 |PTEN-Dh-6_140 PTEN-Dh-Et PTENIPERE .= o I 00 @
35 |PTEN-Dh-7_141 PTEN-Oh-7 bt PTEN--PE4¢t —:é — T ERD)
36 |PTEN-Dh-8_142 PTEN-Dh-B bt PTENAPESE @) & I 0 @
37 |PTEN-Dh-9_143 PTEN-Th-9.b¢ PTEN--PEDE I 52 @
38 |PTEN-17h-1_144 PTEN-17h-1 14 TP53--PESt T EEREN)
39 |PTEN-17h-3_145 PTEN-17h-3 PTENA-PE+at I 1000 | &
40 |PTEN-17h-4_146 PTEN-17h-4 b PTEN--PEbet [ [y
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Subcellular
spectral analysis
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Tumor development

CNS tumors
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Future development

-

L T

Future work plan (ZAFH)

» High resolution subcellular spectral analysis
(classification of differences between tumor models; analysis of
higher organisation of proliferation and metabolism in cancer cells)

» Correlation of subcellular structures with spectral analysis
(cell specific subcellular fluorescent markers)

» Establishment of breast cancer isogenic cell model

» Spectral analysis of 3D-tumor models
(neurospheres, CD133+; cancer stem-like cells, cancer initiating cells)
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