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PI3k pathway regulates cell growth and survival 

Regulates: 
Proliferation 

Survival/apoptosis 

Metabolism 

Angiogenesis 

Transformation 

 

Activated by: 
RTKs 

GPCR 

Integrins 

RAS 

 

Complexity: 
PI3K isoforms 

Pathway component 

Feedback loops 

Crosstalk between signaling cascades 

  

Jean J. Zhao et al., Nature Reviews Drug Discovery, 2009 



Development of PI3K inhibitors 

• Wortmannin: a fungal 

metabolite initially isolated 

from Penicillium 

wortmanni. 

־ poor stability 

־ poor selectivity 

 

  

• LY294002: a synthetic 

compound derived from 

quercetin, a broad-

spectrum kinase inhibitor. 

- poor solubility 

- poor selectivity 
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1st generation 2nd generation 

• Class I PI3K inhibitor 

• Class I PI3k/ mTOR inhibitor 

• Pan-PI3K inhibitor 

• Pan-PI3k/ mTOR inhibitor 

• PI3K a, d, g isoforms inhibitor 

• PI3K d isoform inhibitor 

 



2nd generation PI3K inhibitors 
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Jean J. Zhao et al., Nature Reviews Drug Discovery, 2009 



Targeting PI3K pathway components 

• AKT inhibitors 

 

 
 

 

 
• mTOR inhibitors 
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Targeting P13K- more complicated than we thought? 

• Genetic alteration of PI3K pathway components in cancer 

 

• Feedback loops and signaling pathways crosstalk 

 

• Drug resistance mechanism behind Herceptin and others 

 

• Combination strategies 
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Human cancer genome projects  

• The Cancer Genome Atlas  

 

• International Cancer Genome Consortium (ICGC) 

 

• Cancer Cell Line Encyclopedia 

 

• Catalogue of Somatic Mutations in Cancer (COSMIC) 

 

 

 



Genetic alteration of PI3K in cancer 
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•PIK3CA 
- Mutation 

- Amplification 

 

  

•PIK3CB 
- Amplification 

- ↑ activity & expression 

 

Genetic alteration      Cancer type                                 Frequency 



PIK3CA somatic mutation 
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RAS BD Helical domain Catalytic domain C2 

E542K 

E545K 
H1047R 

Abrogation 

of inhibitory 

effect of the 

p85 subunit 

Activation 

through 

conformational 

changes 

most frequent mutation 

p110a  

(PIK3CA) 

PI3K family 



Genetic alteration of PI3K pathway component 
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Genetic alteration     Cancer type                              Frequency 

  

•PDPK1 
- Amplification 

- ↑ expression 

 

•AKT 
- Mutation 

- Amplification 

 

•PTEN 
- Loss of heterozygosity 

- Deletion 

 



Opportunities emerge with cancer genome projects 
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Sequencing data has spawned 

• New fields of inquiry 

• New treatment targets  

• New drug development paradigms 
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Cancer genome 

projects 

Compound 

libraries 

Cell lines  

Animal models 
Cell lines 
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Sreenath V. Sharma et al., Nature Reviews Cancer , 2010  

Cell line platforms for evaluating anticancer agents 

Traditional tumor cell line panels developmental timeline 
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NCI60 Cell Panel  

Cell line platforms for evaluating anticancer agents 
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Unique tools 

Pathway 
targeted 

Driver 
gene 

targeted 

Pathology 
targeted 

C
D

K
N

2
A

 

pancreas 

NF1 

•Time savings 

•Convenience 

ATCC Tumor Cell Panels Initiative 

-modified circos cancer genome display 



ATCC Tumor Cell Panels 
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PI3K mutation cell lines 

16 



17 

Breast 

PTEN 

TP53 

BRCA1 

PIK3CA 

CDH1 

KDM6A 

MAP2K4 

CDKN2A 

SMAD4 

Colon 

TP53 

KRAS 

PIK3CA 

CTNNB1 

BRAF 
APC 

SMAD4 

FBXW7 

NF1 

KDM6A 

Organization of Cell Lines by Tissue and Mutations 
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Gene Mutation Lists for Cells Lines 
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source 

primary 

metastasis 

brain 

histology gene 

sequence 
protein 

sequence 

c.3140A›G p.H1047R 

zygosity 

carcinoma 

hetero- 

zygous 

PIK3CA Mutation Cells Lines  

c.1633G›A p.E545K 

ATCC# name 
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     PIK3CA mutation          Tissue source  

 

                                        

Breast  

Caecum 

Cervix 

Colon 

Lung 

Lymphoid 

Ovary 

Pharynx 

Prostate 

Stomach 

Urinary bladder 

Uterus 

 

 

 

 

 frequency 

p.E545K    28% 

p.E545D    3% 

p.H1047R  28% 

p.H1047L  3% 

p.E542K    5% 

p.R88Q    5% 

p.K111E    3% 

p.K111N    3% 

p.K111R    3% 

p.P539R    3% 

p.Q546R    3% 

p.D549N   3% 

p.E453K    3% 

p.G118D    3% 

p.P124L    3% 

p.P449T    3% 

p.G106_R108del 3%            Cell lines: 36 

 

PIK3CA Mutation Cells Lines 
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Proliferation  

Cytostasis and differentiation  

Motility  

Viability and cell death 

                                     Cell cycle 

Cell signaling cascades network 

PI3K 

PI3K 
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Cell line 
HER2 

expression 

Response to 

herceptin 

MCF-7 low Insensitive 

SKBR-3 high Sensitive  

BT474 high Sensitive  

AU-565 high Sensitive  

HCC-1419 high Sensitive  

ZR75-30 high Sensitive  

HCC-1954 high Insensitive 

KPL-4 high Insensitive 

JIMT-1 high Insensitive 

Response to 

GDC-0941 

Sensitive  

Sensitive  

Sensitive  

Sensitive  

Sensitive  

Sensitive  

Sensitive  

Sensitive  

Sensitive  

Teemu T. Junttila et al., Cancer Cell, 2012 

Choose suitable breast cancer cell lines 

Targeting PI3K pathway overcomes resistance to HER2-directed therapy 
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Consider the complexity of genetic alteration 
 

Choose suitable breast cancer cell lines 



Choose suitable cell lines from other tissue types 
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SiHa 

C-33-A 

Me180 

Ca-ski 

primary 

primary 

Metastasis  

metastasis 

PIK3CA   p.E545K      STK11 p.0? 

PIK3CA   p.E545K      

  FBXW7 p.R465H 

MSH2 p.E768fs*44 

MSH2 p.S860* 

PIK3CA p.R88Q 

PTEN p.R130* 

PTEN p.R233* 

RB1 p.? 

TP53 p.R273C 

Cervical cancer 



Colon cancer as example 

Mutations in PI3K and Ras/Raf pathway  
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HT-29 

RKO 

PIK3CA p.H1047R 

BRAF p.V600E 

NF1 p.Y628fs*3 

NF1 p.N2341fs*5 

PIK3CA p.P449T 

BRAF p.V600E 

SMAD4 p.Q311* 

TP53 p.R273H 

APC p.E853* 

APC p.T1556fs*3 

PIK3CA p.H1047R 

KRAS p.G13D 

CDKN2A p.R24fs*20 

CTNNB1 p.S45del 

MLH1 p.S252* 

HCT116 

PIK3CA p.H1047R 

KRAS p.G12D 

CTNNB1 p.S45F 

KDM6A p.E1316fs*17 

LS-174T 

PIK3CA p.E542K 

KRAS p.G13D 

TP53 p.? 

APC p.L1488fs*19 

T84 



Meet the challenges 

• Combination therapy 

־ Effect of signaling cascades network 

־ Drug resistance and sensitivity 

־ Targeting multiple pathways   
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• Inhibition of PI3K, mTOR, ERK 

 

• Melanoma, beyond BRAFV600E 

additional potential drivers in Melanoma: PI3K pathway, NRAS mutations, KIT 

mutation, etc. 

 

• P53 activates the transcription of PTEN and TSC2, and functions as a negative 

regulator of the entire PI3K signaling pathway 

 

• Other players compromise PI3K inhibition in breast cancer: HER3, ER, IGFR… 
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For reproducible and reliable results 

• Critical culture attributes: 

• Low-passage cell line 

• Cell growth properties and morphology 

• Population doubling level and time  

•Verification and authentication 

 

• Biological understanding of top genetic alterations across tumor types 

• Validation and characterization of potential cancer driver genes  

• Functional profiling and molecular profiling of subtype-specific cancer cell lines 

• Testing small molecules or biologics for cancer drug development 

Applications for ATCC tumor cell panels 

ATCC: Your Trusted Source 



Academia Industry  

ATCC  
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Collaboration & Teamwork 

Winning the War on Cancer: Collaboration 


