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Cancer Research

Branching out 
Exposing angiogenesis’s role in cancer biology

A primary focus of cancer biology is the study of angiogenesis in tumor growth. 
Oxygen, nutrient availability, enzymes, and coagulating agents as well as tumor 
cells’ ability to advance beyond the tumor are all critical components in angio-
genesis.1,2

Angiogenesis is controlled by agonists and antagonists. Malignancy is 
marked by activating a pro-angiogenic switch that can oppose normal nega-
tive regulatory mechanisms.3 Tumor staging is based on increases in tumor 
vascularity and pro-angiogenic factors, which in turn are predictive of poor 
clinical outcomes. 

Current theories of tumor angiogenesis suggest that existing blood ves-
sels recruit new vessel formation through endothelial cell migration, prolif-
eration, and invasion and their subsequent organization into vessel structure. 
These hypotheses are based on the discovery of pathways for multiple growth 
factors, including VEGF.

VEGF and VEGF receptors are critical to normal and pathological angio-
genesis. When this pathway is activated, endothelial cell survival, mitogenesis, 
migration, and differentiation result. Endothelial progenitor cells are mobilized 
from the bone marrow into the periphery. VEGF also helps modulate vessel per-
meability, resulting in protein deposition in the interstitium and angiogenesis 
promotion.

High VEGF levels are also associated with tumor progression and poor out-
comes for most solid tumors, including colorectal, gastric, pancreatic, breast, 
prostate, and lung cancer, and melanoma. The VEGF pathway is therefore a 
major focus of biomarker discovery and drug development. Table 1 lists some 
key proteins, classified by functional biology. Invitrogen has many products 
that aid the ongoing clarification of the roles these proteins play in VEGF path-
way participation in tumor angiogenesis.

Invitrogen phosphoELISA™ kits
Invitrogen’s phosphoELISA™ kits have also illuminated the relationship 
between the two VEGF receptors and cancer (Figure 1). HUVEC and mouse 
endothelial cells were serum starved overnight, then treated with VEGF (Cat. 
no. PHG0141) at 100 ng/ml for 5 minutes. Cell extracts were prepared and 
analyzed with the VEGFR2 [pY1059] ELISA Kit (Cat. no. KHO0601) and VEGFR2 
(Total) ELISA Kit (Cat. no. KHO0591). Phosphorylation of VEGFR2 is upregulated 
in VEGF-treated vascular endothelial cells, while levels of total VEGFR2 remain 
relatively constant in VEGF-treated and untreated controls. Visit our web page 
www.invitrogen.com/ELISA for ELISAs for angiogenesis research.

As cancer research continues to uncover the relationship between VEGF 
and its receptors and human cancers, Invitrogen is dedicated to providing 
the tools and services needed to boost this research. Visit our web page 
www.invitrogen.com/proteins for recombinant angiogenesis proteins, and 
www.invitrogen.com/antibodies for angiogenesis-related antibodies.
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Table 1—Key VEGF regulators in tumor cells.

Oncogenes/
tumor 
suppressor 
genes

Activated 
signaling 
pathways/
transcription 
factors

Environmental 
and growth 
factors, 
cytokines, 
cytokine 
receptors

Ras Src Hypoxia

Src β-catenin Low pH

PTEN HIF IGF-1R

p53 COX-2 EGFR

Wnt AP-1 IL-1β

Rb SP-1 IL-6

HER-2 NFκB c-Met

Jun Bcl-2 PDGFR

Fos Akt/PKB  

MDM2   

eIF-4E   

NOX-1   

Untreated HUVEC

VEGF-treated HUVEC

Untreated mouse
endothelial cells
VEGF-treated mouse
endothelial cells
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Figure 1—VEGFR2 [pY 1059] and VEGFR2 (total) ELISAs on VEGF-
treated endothelial cells.
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:: Highest quality antibodies from CST provide the brightest signal with the lowest background. 
::  Extensive validation by our in-house clinical applications group — optimization is not left up to you, the user.
:: Technical support provided by our clinical applications group — this translates into a thorough, fast and accurate response. 
:: Rapidly expanding line of Alexa Fluor® conjugated primary antibodies available for use in flow cytometry. 
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Over 300 Antibodies Validated for 
Flow Cytometry...from Cell Signaling Technology

INNOVATIVE DISCOVERY TOOLS FOR SIGNAL TRANSDUCTION RESEARCH

Flow cytometric analysis of Raji cells using #4959
(blue) compared to a nonspecific negative control
antibody (red).

AID (EK2 5G9) Rat mAb #4959
Phospho-Histone H3 (Ser10) Antibody 
(Alexa Fluor® 488 Conjugate) #9708

Flow cytometric analysis of THP-1 cells treated with 
paclitaxel using #9708 versus propidium iodide (DNA
content). The box indicates phospho-histone H3 
positive cells.

Alexa Fluor ® is a registered trademark of Molecular Probes, Inc.

Orders  (toll-free) 1-877-616-CELL (2355)  orders@cellsignal.com Fax ordering  1-978-867-2488 Technical support  (toll-free) 1-877-678-TECH (8324)  support@cellsignal.com Inquiries  info@cellsignal.com

Flow cytometric analysis of K562 cells, untreated  
(green) or STI571-treated (blue), using #9359.

Phospho-Stat5 (Tyr694) (C11C5) 
Rabbit mAb #9359



ImageStream. Think outside the dot.
Amnis®, ImageStream® and IDEAS® are registered trademarks of Amnis Corporation.  DRAQ5 is a trademark of Biostatus, Ltd.
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In flow cytometry,  
every dot tells a story . . .

The ImageStream system 

HL60 cells were labeled with AF488 anti-
HLA to reveal the cell membrane and with 
DRAQ5TM to stain the nucleus.  Labeled 
cells were analyzed on the ImageStream sys-
tem.  The DNA content histogram (above) 
cleanly separates the major cell cycle 
subpopulations.  G2/M cells were plotted 
(right) to display the high nuclear texture 
fraction, from which cells in the progressive 

-
lighted on the plot.  Composite cell images 
(far right) show HLA and nuclear staining. 
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CD25     CD4    

GITR     CD46

CD28     CD45RO

CD137     CD278 (ICOS)
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BD™ Cytometric Bead Array
Flex Set Bead-Based Immunoassays

Easy to multiplex. Easy to love.

Stop doing time-consuming ELISA and
western blot assays and save valuable
samples using BD™ CBA Flex Set 
bead-based immunoassays for 
measurement of cytokines and cell 
signaling proteins. Measure multiple 
proteins simultaneously with our easy-
to-use system, including pre-optimized
assays, buffers, and setup reagents.  

Our simple protocol requires minimal
hands-on time, leaving you to 
concentrate on what really matters: 
your results. 

Visit us at bdbiosciences.com/flexset
to learn more.
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BD Biosciences 
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Human cytokine 30-plex acquired on 
the BD FACSArray bioanalyzer


