
Hochschule Mannheim University of Applied Sciences

ZAFH – PHOTON n

PHOTONische Verfahren in neuen Dimensionen

Schwerpunkt 1: Multidimensionale Mikroskopie

Isogene U251-MG Glioblastom-Zellmodelle für 

Autofluoreszenz-Analysen

H.M. Kuhn, A. Holloschi, C. Müller, K. Bieser, S. Blaich, M.Hudler, S. Schmidt, R. 

Kessler, H. Schneckenburger, A. von Deimling, J. Mollenhauer, P. Kioschis



2

Oncogenic alteration

Malignant Phenotype

Cellular Resonse
(cell death, cell cycle arrest) 

Mutations,

abnormal cellular functions               

Tumor suppressor genes

PTEN

TP53

CNS tumors
Tumor development
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CNS tumors
Tumor development

Glioblastoma

Acquired Capabilities of Cancer

 most if not all cancers have acquired the

same set of of functional capabilities 

during their development, albeit through 

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

(characteristic metabolic signature of 

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

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
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CNS tumors
Tumor development

Glioblastoma

Complex signalling induces cancer

D. Hanahan, R. A. Weinberg; Cell, 2000

ZAFH Photon n Project Meeting  Aalen  15.04.2010 Prof. Dr. Petra Kioschis



6

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 III 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 CDK6

CNS tumors
Tumor development

Glioblastoma
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CNS tumors

growth factor signaling 

cell proliferation, 

cell cycle progression, 

apoptosis inhibition

direct dys-regulation of

cell cycle arrest

neuroimages from a patient with glioblastoma multiforme

surgerytumor recurrence

Histopathological examples of patient’s tumor

necrosis

vascular 

proliferation

hypercellularity

endothelial 

proliferation

Tumor development

Glioblastoma

Weil, PloS Medicine, 2006
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Isogenic U251-MG

U251-MG

Acceptor 

Cell line

hcRed

Glioblastoma

Cell line

U251-MG

U251-MG

Target

Cell line

eGFP

1st recombination 2nd recombination

TetR

TetR

hcRed

Recombination efficiency

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

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)

―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?

leaky promoters

proliferation rates

ZAFH Photon n Project Meeting  Aalen  15.04.2010 Prof. Dr. Petra Kioschis



10

Spectral Imaging 
(excitation 750nm, 800 nm, 850nm and 880 nm)

Western-blot analysis (parallel)
verification of protein expression

measurements of approx. 7-10 cells

Isogenic U251-MG
Do analysed cells express 

PTEN / TP53?

Single cell analysis

Protein expression

Aim Parallel immunocytochemical detection 

in cells and at western blot
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Isogenic U251-MG

Spectral analysis 48 h induction

• Measurements after 48h Tet –induction

• 7 – 10 cells / measurements

• 750nm, 800 nm, 850nm and 880 nm

• Mean values for each wavelength / single cell

Data used for training of PATTERN EXPERT 

program

21 spectra

27 spectra

28 spectra

30 spectra
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PATTERN EXPERT and software airspect 

(Adaptive Information Extraction and Research System for Spectroscopy)

Control
AcceptorCL + empty plasmid

non-induced

induced

PTEN/P53 
AcceptorCL

+ PTEN or P53

Non-induced

induced

Spectra

„Training“: Control, no induction

Control, induction

PTEN, induction

TP53, induction

Isogenic U251-MG Analysis of spectra
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Isogenic U251-MG Analysis of spectra

Mittelwert-Spektren 
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Isogenic U251-MG Analysis of spectra

1. Ableitung der Mittelwert-Spektren
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Isogenic U251-MG Analysis of spectra

Regions of interest (ROI) defined by EP-program

• Spectral ROI pattern

defined by training

• Used for classification

of cell specific spectra
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Isogenic U251-MG Analysis of spectra

Self-testing neuronal network

 Internal control of each spectra and classification

 accuracy between 90% to 100%
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Spectral analysis 
Induction:  0h

17h

41h

65h

• Measurements after 

different Tet –induction 

intervalls

• 7 – 10 cells / measurements

• 750nm, 800 nm, 850nm and

880 nm

• Mean values for each 

wavelength / single cell

Data used in trained

PATTERN EXPERT program 
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Isogenic U251-MG Spectral analysis 

-passages-
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Isogenic 

U251-MG
Spectral analysis 

-constant induction-
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Isogenic 

U251-MG
Spectral analysis 

-NADH-
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Classification of data

Ctrl TP53 PTEN

0 Ctrl

17

41 Ctrl-i TP53-i PTEN-i

65

Ctrl TP53 PTEN

0 Ctrl Ctrl
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Ctrl-i

PTEN-i

41 Ctrl-i TP53-i PTEN-i

65 Ctrl

Ctrl-i

Ctrl-i

TP53-i
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PX trained pattern
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Subcellular 

spectral analysis
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CNS tumors
Tumor development

Glioblastoma

Complex signalling induces cancer

D. Hanahan, R. A. Weinberg; Cell, 2000
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Future development

• 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)

Future work plan (ZAFH)

ZAFH Photon n Project Meeting  Aalen  15.04.2010 Prof. Dr. Petra Kioschis



25

Acknowledgements

ZAFH Photon n Project Meeting  Aalen  15.04.2010 Prof. Dr. Petra Kioschis

HS Mannheim
Andreas Holloschi

Hella Kuhn

Carolin Müller

Kerstin Bieser

HS Aalen
Herbert Schneckenburger

Petra Weber

Michael Wagner

DKFZ
Stephanie Blaich

Jan Mollenhauer

Holger Sültmann

Annemarie Poustka

LaVision Biotech GmbH
Heinrich Spiecker

HS Reutlingen
Rudolf Kessler

Waltraud Kessler

Karsten Rebner

Edwin Ostertag

Universität Heidelberg
Andreas von Deimling

ILM Ulm
Rainer Wittig

University of Southern Denmark
Jan Mollenhauer

Steffen Schmidt


