
Model Tumor SystemsModel Tumor Systems
(Chap. 20)(Chap. 20)



Models (methods) to study tumor responses Models (methods) to study tumor responses 
to the treatment (radiotherapy)to the treatment (radiotherapy)

• In situ

• Ex vivo (in vivo – in vivo)

• In vitro



In situ In situ tumor response modeltumor response model

•• Tumor Growth MeasurementTumor Growth Measurement

•• Growth delayGrowth delay

•• Tumor cure (TCDTumor cure (TCD5050))



Growth DelayGrowth Delay



Growth Delay (ii)Growth Delay (ii)
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Tumor Cure (TCDTumor Cure (TCD5050))

TCDTCD50/12050/120



Summary of Summary of in situin situ tumor response modeltumor response model

•• Advantage: Advantage: 

•• Similar to clinical situationSimilar to clinical situation

•• Disadvantage: Disadvantage: 

•• Lack of radiobiological parametersLack of radiobiological parameters

•• egeg. Do, n, . Do, n, DqDq, , α/βα/β



Ex vivo Ex vivo cell survivalcell survival assaysassays

1.1. Tumor cell survival assays:Tumor cell survival assays:

•• Dilution assay (TDDilution assay (TD5050))

•• Lung colony assay (TDLung colony assay (TD5050))

•• In vivo/in vitroIn vivo/in vitro assayassay

2.2. Xenograft system:Xenograft system:

3.3. Spheroids:Spheroids:



Dilution Assay Dilution Assay (in vivo / in vivo)(in vivo / in vivo)



Dilution Assay (ii)Dilution Assay (ii)



Lung Colony Assay Lung Colony Assay (in vivo / in vivo)(in vivo / in vivo)



Lung Colony of FSAN TumorsLung Colony of FSAN Tumors
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Summary of Tumor Cell Survival AssaySummary of Tumor Cell Survival Assay

•• Advantage: Advantage: 

•• Obtain Survival Curve and Obtain Survival Curve and 

Radiobiological ParametersRadiobiological Parameters

•• Disadvantage: Disadvantage: 

•• Need a lot of animalsNeed a lot of animals

•• Animal variationAnimal variation



In vivo/in vitroIn vivo/in vitro AssayAssay



Xenograft SystemXenograft System

•• Nude miceNude mice

•• SCID miceSCID mice

•• Transgenic animals (Transgenic animals (humanized animalshumanized animals))



Xenograft vs Clinical ResponseXenograft vs Clinical Response



Summary of XenograftSummary of Xenograft

•• Advantage: Advantage: 

•• In vivoIn vivo model for Human Cancermodel for Human Cancer

•• Disadvantage: Disadvantage: 

•• Host immunity Host immunity ??

•• StromaStroma effects (microenvironment) effects (microenvironment) ??



SpheroidSpheroid



Apoptosis in tumorsApoptosis in tumors

NATURE REVIEWS /CANCER/ 
2005,5: 231
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Apoptotic versus nonApoptotic versus non--apoptotic modes of cell deathapoptotic modes of cell death

eegg. lymphoma. lymphoma eegg. . eepithelial tumorspithelial tumors

NATURE REVIEWS /CANCER/ 2005,5: 231



Types of cell death observed following treatment of cells with DTypes of cell death observed following treatment of cells with DNANA--damaging agentsdamaging agents

NATURE REVIEWS /CANCER/ 2005,5: 231



http://http://mx.nthu.edu.twmx.nthu.edu.tw/~cschiang//~cschiang/



Tumor Cell Death Following IrradiationTumor Cell Death Following Irradiation

Mitotic Cell DeathMitotic Cell Death

vsvs

Apoptotic Cell DeathApoptotic Cell Death
((interphaseinterphase cell death)cell death)

(programmed cell death)(programmed cell death)



Cell DeathCell Death
NecrosisNecrosis

ApoptosisApoptosis



ApoptosisApoptosis is a tightly regulated is a tightly regulated 
““activeactive”” process process 

that is associated withthat is associated with
–– Cell and nuclear shrinkageCell and nuclear shrinkage

–– Nuclear fragmentation with formation Nuclear fragmentation with formation 
of apoptotic bodiesof apoptotic bodies

–– BlebbingBlebbing of cell membrane, but no early of cell membrane, but no early 
loss of membrane integrityloss of membrane integrity

–– Deletion of single cells in isolation Deletion of single cells in isolation 

–– Lack of an inflammatory responseLack of an inflammatory response, , 
phagocytosis of debris  by adjacent cellsphagocytosis of debris  by adjacent cells

Morphological Features of ApoptosisMorphological Features of Apoptosis



Assay of Apoptosis : Assay of Apoptosis : DNA ladderDNA ladder



Assay of Apoptosis: Assay of Apoptosis: TUNELTUNEL



Assay of Apoptosis: Assay of Apoptosis: ELISAELISA



Apoptosis Apoptosis (Programmed Cell Death)(Programmed Cell Death)



Features of NecrosisFeatures of Necrosis

NecrosisNecrosis is a nonis a non--physiological process physiological process 
associated withassociated with

–– Loss of plasma membrane integrity and Loss of plasma membrane integrity and 
deregulated ion homeostasis.deregulated ion homeostasis.

–– Swelling and bursting of cells as water Swelling and bursting of cells as water 
entersenters

–– Groups of cells, rather than single cells, Groups of cells, rather than single cells, 
are affectedare affected

–– DNA forms a random DNA forms a random ““smearsmear”” on on 
agaroseagarose gel. There is no pattern to its gel. There is no pattern to its 
fragmentation.fragmentation.

–– Necrosis generates an inflammationNecrosis generates an inflammation



Application of Apoptosis in RTApplication of Apoptosis in RT

2)( DDaa MAMeS β−+−=



Influence of tumor model on therapeutic efficacyInfluence of tumor model on therapeutic efficacy

Clin. Cancer Res., 6: 971–978, 2000
Cancer Res., 59: 5209–5218, 1999

S.C. I.C.



Various Various immunodeficientimmunodeficient mouse strainsmouse strains



Humanized animalsHumanized animals

•• Mouse strains transgenic for human genes, Mouse strains transgenic for human genes, 
for example, major for example, major histocompatibilityhistocompatibility
complex (MHC) genes or Tcomplex (MHC) genes or T--cell receptor cell receptor 
(TCR) genes.(TCR) genes.

•• ImmunodeficientImmunodeficient mice reconstituted with mice reconstituted with 
human cells.human cells.


