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THE CLASSIFICATION OF CYTOKINES
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CRYSTAL STRUCTURE OF PDGF-BB
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AMINO ACID SEQUENCE ALIGNMENT OF PDGF FAMILY MEMBERS
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VASCULOGENESIS
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ANGIOGENESIS
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Angiogenesis in the adult

Female reproductive cycle and pregnancy
Exercise-induced angiogenesis
Wound healing
Skin diseases
Rheumatoid arthritis
Ocular neovascularization
Ischemic heart and limbs
Tumor angiogenesis
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Vascular endothelial
growth factor (VEGF)

Placental growth
factor (PIGF)

VEGF-B/VEGF-related
factor (VRF)

VEGF-C/VEGF-related
protein (VRP)

C-fos-induced growth
factor (FIGF)

Fit-1 (VEGFR-1)

Flk-1/KDR (VEGFR-2)

Fit-4 (VEGFR-3)

(Connolly, et al., JBC, 264: 20017-24, Leung, et al.,
Science, 246: 1306-9, Plouét, et al., EMBO J, 8: 3801-6)

(Maglione, et al., Proc Natl Acad Sci USA, 88: 9267-71)

(Grimmond, et al., Genome Res, 6: 124-131, Olofsson,
et al., Proc Natl Acad Sci USA, 93: 2576-81, Olofsson,
etal., JBC, 271: 19310-19317, Townson, et al.,
Biochem Biophys Res Com, 220: 922-8)

(Joukov, et al., EMBO J, 15: 290-98, Lee, et al., Proc
Natl Acad Sci USA, 93: 1988-1992)

(Orlandini, et al., Proc Natl Acad Sci USA, 93: 11675-
80)

(Shibuya, et al., Oncogene, 5: 519-524)

(Matthews, et al., Proc Natl Acad Sci USA, 88: 9026-30,
Terman, et al., Oncogene, 6: 1677-83)

(Galland, et al., Genomics, 13: 475-8, Pajusola, et al.,
Cancer Res, 52: 5738-43)
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Identity to VEGF in the
VEGF homology domain
~53%

~43%

~30%

~27%

Identity to Fit-1 in the
extracellular domain

~36%

~33%



PIGF

VEGF

VEGF-B

[

ENOEEmmEY 30j
VA

(1 Q2 3 )4 BESReAl Y 7

ccceeee ceee

Kl B B B NEANETI d

cccecee ccce  ccc

VEGF-C | |

cccecee cc

ccce

© Markku Michael Jeltsch

[ cc ccC  cccc  cccc  cccC cccC CcC o ccC

8 conserved cystein residues of the cystine knot consensus sequence
(PDGF family subtype) C(24-26X)C(5X)CXXCC(6X)C32-36)CXC

4 conserved cysteins of the BR3P repeat C(10-14X)CXCXC
3 conserved cysteins of an incomplete BR3P repeat C(10-14X)CXC
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Aim
Comparison of the biological effects of
VEGF, VEGF-B and VEGF-C in vivo
Hypothesis
VEGF-C is a growth factor for
lymphatic endothelial cells
Approaches

Transgenic mice overexpressing
VEGF-B and VEGF-C

Direct application of recombinant
VEGF-B and VEGF-C
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THE BACULOVIRUS PROTEIN EXPRESSION SYSTEM
ALLELIC REPLACEMENT IN INSECT CELLS

1. Cotransfection of insect cells

Transfer Vector pVT-Bac 2. Allelic replacement by double homologous recombination
3. Screening for the correct plaque phenotype

4. Plaque purification and virus amplification

C P SP VEGF-B, 5, pAREE

il PSP VEGF-B;s; PARER

lacZ gene

Modified ACMNPV Recombinant Virus
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THE BACULOVIRUS PROTEIN EXPRESSION SYSTEM

FASTBAC SYSTEM
Insect Cells ‘F’ure Composite Vué Recombinant Virus / m
o G- pentmin :
mini-attTn7
Isolate bacmid DNA Transform F- E. coli
and transfect with genomic viral DNA
insect cells
Isolate mixture of plasmid Transposition of Tn7
DNAs and retransform element into mini-
E. coli attTn7
E. coli Pure Composite Vfuy <« ( Composite Bacmid) e Bacmid
N T ;
f Transformation
TnsABCD
b ThR Tn7L
. Transposition
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MODIFICATIONS OF VEGF-C TO FACILITATE RECOMBINANT
PRODUCTION AND PURIFICATION

X A

endogenous SP | VEGF homology domain | BR3P "silk" homology domain |
CICHCICETIE CC CCCC C CCCC CCCC CCCC CCCC CCC C CC

Exchange of endogenous signal peptide against honeybee melittin signal peptide
Trimming of N- and C-terminal propeptides

Introduction of a C-terminal histidine tag

honeybee melittin SP
cc cccece CC Hyq
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Infection of HF cells with recombinant virus
Harvest of cell supernatant
Concentration of cell supernatant by ultrafiltration
Hisg-tag affinity chr:matography (Ni2* NTA)

Size exclusion chromatography (Sephadex G-25)
v

Quantitative, qualitative and functional assays

Coomassie Brilliant Blue staining

Western blotting & detection with VEGF-C specific antibody

Stimulation of receptor tyrosine phosphorylation in transfected NIH-3T3 cells
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Applications

Chorioallantoic membrane assay
Rabbit cornea assay
Injection into quail embryos
Effects on non-endothelial cells

Antibody production
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Aval
EcoRl

© Markku Michael Jeltsch

K14-hVEGF-C

7259

pGEM3Zblue backbone

ATG

Xbal

EcoRV

Hindlll




© Markku Michael Jeltsch



dorsal skin control mouse
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VEGF-C VEGF-C, sense control

Flt-4 Flt-4, control mouse

FLK-2 FLK-2, control mouse
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BrdU BrdU, control

© Markku Michael Jeltsch



abnormal vessel blood vessel
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dorsal skin (VEGF-B,g; control mouse
transgenic mouse)
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Conclusions
VEGF-C is a growth factor specific for lymphatic
endothelial cells and causes hyperplasia of the
lymphatic vasculature in vivo

VEGF-C acts in a paracrine fashion

The biological role of VEGF-B remains unknown
and mysterious
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