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   Examples for molecules already serving as 

targets for molecular therapy    

 

 

Tumor cell 

4. Proteasome 

1 

2 

3 

4 
5 

6 

1. Growth factors and growth 
factor receptors 
 HER-family, EGF-R, VEGF/R,  

 c-kit/SCFR, Ret 

2. Signal transduction 
 Ras, Raf, MAPK, MEK, ERK, 

 Proteinkinase C, PI3K, Src, Akt 

3. Tumorassociated 

 antigens/markers 
 Ganglioside, CEA, MAGE,  

 CD20, CD22 6. Extracellular matrix, 

proteolysis, angiogenesis 

 u-PAR-System, MMPs, 

 VEGF, Integrins 

5. Mechanisms of cell survival 
 Cyclin-dependent kinases, apoptosis-

related molecules, mTOR, cGMP, COX-2, p53, 

RRM1, TS 



   The Algorithm 

ERCC 1 Expression 

(ERCC1  mRNA) 

          Platinum withheld Treatment with Platinum 

 RRM1 Expression 

Docetaxel Gemcitabine 

Navelbine Docetaxel 

  Carboplatin 

     

Docetaxel 

+ + + + 

 RRM1 Expression 

Carboplatin 

Gemcitabine 

High Low High Low 

ñMADe ITòAbstract #7502, ASCO 2007:  

G. R. Simon, C. C. Williams, A. A. Chiappori, E. B. Haura, T. Tanvetyanon, S. J. 

Antonia and G. Bepler. 



Circulating Tumor Cells (CTC) 

ERCC mRNA - Before chemotherapy 

High                                                              Low  

(Q-RTPCR)    

Significant clinical response 

P=0,003 
No significance 

ASCO 2010, abstract no: 7512 

Use of ERCC1 expression levels in circulating tumor cells to predict  

response to platinum-based chemotherapy in patients with NSCLC  

A.C Hoffmann, T. Gauler, A. Parr, W. E. Eberhardt, M. H Schuler; 

West German Cancer Center, University Hospital Essen, Essen, Germany 



1.Tumors and spread tumor cells are highly 

heterogeneous---- 

which are the relevant cells to be targeted?  

How far can we individualize a therapy not only 

to a single patient, but to her/his diversity of 

tumor cells?  

And to their time course in phenotype? 

   What are the molecular issues to be 

addressed by novel therapeutic 

concepts?    

 

 



Example of heterogeneity in gene expression from 

different areas of the same tumor (CRC)ðown 

unpublished data 
Å Epithelium only: 

Å HRASLS3,TESC,RIS1,RNF39,FLJ25067,F

CN3,MGC3101,ProSAPiP1,GPT2,LRRC6,C

HGA, SPON1,PYY,DUSP1 

 

Å Stroma only 

Å COL11A1,COL8A1,DIO2,PLAU,MYEOV, 

IL1RN,CSPG2,KCNN4,IER3,CARD10, 

ANGPTL1,CXCL12 

 

Å Combined (Common expression) 

Å HIG2, TGFB1, ASCL2, ETV4, CDH3, 

FOXQ1, LPAR1, CXCL-16, TRIB3, TIMP1 

Dr. Mohammed Abba 



CHALLENGES WITH PATIENT SAMPLES 
Intratumoral heterogeneity (unique finger print) 

Protein Stability 

Stromal contamination 

Loading controls 

Reproducibility 

Bryan 

Hennessy Gordon B. Mills, MD Anderson Cancer Center, Houston 



    

 

 

 

 

  
 

 

 

Selection of time-dependent molecular changes during progression 

and metastasis of colorectal cancers  

Proliferation  Polyp Carcinoma in 

situ 

Metastasized 

carcinoma 

APC- 
Deletion 

DCC- 
Deletion 

MCC- 

Deletion 

RAS- 
Mutation 

nm23- 

Deletion 

p53- 
Deletion 

DNA-  

changes 

Oncogene-  

activation; 

Growth factors 

Metastasis- 

associated  

molecular  

changes 

Angiogenesis parameters  

(z.B. VEGF) 

Adhesion molecules  

(z.B. Integrins) 

Tumorassociated Proteases  

(u-PAR, MMPS) 

Ras 

EGF/ 

EGF-R 

Src 

CEA 



Example of own data: Endogenous Src activity is considerably different in GIST 

primary tumors and their secondary metastases which developed later 

(Julia Rotert, unpublished data) 



 

Soðmultitargeted inhibitors? How many targets? 

     Side effects?   

     Specificity?    

 

 

E.g.: 
ZD6474,  

Multimodal 
TK-
inhibitor 

2.  Anti-EGFR: 

Ʒ Inhibits cell proliferation  

Ʒ Decreases invasion 

Ʒ Promotes apoptosis 

Ʒ Inhibits metastasis 

Ʒ Decreases VEGF 
production 

1. Anti-VEGFR: 

ƷInhibits angiogenesis by: 

ǒDecreasing endothelial 

cell proliferation and 

migration 

ƷDecreases vascular 

permeability 

3. RET inhibition 

ƷInhibition of proliferation  

  and survival in certain 

  thyroid tumours 



 

 Heterogeneity (among patients, in patients, in 

samples, in sample quality, over time) in 

target expression    

 

2. Target expression:  

Does expression of the target really implicate 

reliable response?  

And how do we define expression?    

 

 



  

Example: The EGF-Receptor 

- triggers different signaling-cascades  

- is overexpressed in tumor cells 

(multiplication of gene loci) 

- induces proliferation, invasion and 

  neo-angiogenesis of tumor-cells 

- strong antiapoptotic signal 

-overexpression correlates with 

poor clinical prognosis (NSCLC) 

-Hotspot mutations in NSCLC, 

exon 19-21; secondary resistance 

mutations 







  

What indicates response to Cetuximab? 

Diverse studies, e.g.: 

EGFR-related, K-Ras-related, and exploratory 

markers as response predictors of cetuximab in first 

line advanced NSCLC: Retrospective  analysis of the 

BMS099 trial 

 Khambata-Ford et al. (ASCO  2009, Abstr. 8021) 
 

 

 

 

Á Essentials highlighting  no corr. of response to 

Cetuximab with EGFR FISH, -IHC, K -Ras mut) 



 

 Summarizing diverse investigations: Up to now, NO secure 

evidence that EGFR protein expression safely predicts 

clinical response (additional problem: diverse methodology 

to measure EGFR protein expression)! 

 

 The target itself often does NOT predict response of a 

patient to a targeted compound. 

 

3. Downstream/interacting molecules 

essentially modify therapy 

response,independent of the target    

 

 



Ras is downstream of 

EGFR signaling and a 

major mediator of EGFR-

initiated signals 

Ras mutations occur 

frequently in cancers 

(esp. colorectal) and 

lead to constitutive 

activity of Ras 

Ras-mutations have been 

shown to correlate with 

resistance to EGFR-TK-

inhibitors 

    

 EGFR and Ras-mutations   

 

 



KRAS status and efficacy in the firstline treatment of 

patients with mCRC treated with FOLFOX with or without 

cetuximab: The OPUS experience  
 

 
 Carsten Bokemeyer* 

 

 I Bondarenko, J Hartmann, F De Braud, C Volovat, C Stroh, J Nippgen, 

Celik, P Koralewski 

 

 * Universitätsklinikum Eppendorf, Hamburg/Germany 







  

Cetuximab in NSCLC? 

EGFR-related, K-Ras-related, and exploratory 

markers as response predictors of cetuximab in first 

line advanced NSCLC: Retrospective  analysis of the 

BMS099 trial 

 Khambata-Ford et al. (ASCO  2009, Abstr. 8021) 
 

 

 

 

Á Essentials highlighting  no corr. of response to 

Cetuximab with EGFR FISH, -IHC, K-Ras mut) 



So, might there still be other molecular markers 

predicting response or resistance in NSCLC? 

 

Own study:  

Nikolova D, Asangani I, Nelson L, Hughes D, Siwak D, Mills G,  

Harms A, Buchholz E, Pilz L, Manegold C, Allgayer H:  

 

Cetuximab attenuates invasion, metastasis, and u-PAR gene expression 

 in non small-cell lung cancer (NSCLC), and u-PAR, besides E-cadherin,  

is a novel biomarker of Cetuximab sensitivity. 

 

Cancer Research 69(6):2461-2670, 2009 



The urokinase-receptor (u-PAR) 

  

u-PAR 
u-PAR 

Pro-uPA 
uPA 

Plasmin 

Plasminogen 

pro-MMPs 

MMPs 

ECM degradation; 

invasion; metastasis 

Caveolin 

src proliferation; 

expression 

adhesion; 

migration 

Integrins 

ras 

Vitronectin 

extracellular 

PAI-1 

  intracellular 



Cetuximab inhibits EGF induced u-PAR gene expression in 

NSCLC cells 

U-PAR promoter activity 

H1395 

H1395 

H1395 



Cetuximab reduces the potential of NSCLC cells to  

establish tumors and metastasize in vivo 

chorionallantoic membrane assay (CAM) 



Alternatives to EGFR as response marker? Own data: E-

cadherin and u-PAR: markers of Cetuximab sensitivity 
Differential expression of E-cadherin and u-PAR 

protein in sensitive and resistant NSCLC cells. 

 Drug sensitivity 

si-RNA Downregulation of u-PAR increases the  

sensitivity of resistant H1299 lung cancer cells 

(Nikolova et al., Cancer Research 2009) 



Preliminary series: High E-cadherin and low u-PAR 

expression in tumor samples are associated with patientsô 

response to Cetuximab 

(first patient samples analyzed  

from Gemtax IV-trial, cooperation  

with Christian Manegold) 

(statistical trend, p<0.1) 


