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1. W h at to do about th e  m e s s  in our lab?

2. Contract re s e arch  for Lym ph atix Ltd. and Ve ge nics Ltd.



Ade noviral m ature  VEGF-D tre atm e nt

1. Com parison of diffe re nt m ature  m ajor VEGF-D coding s e q ue nce s  w ith  re spe ct to 
its influe nce  on e xpre s s ion le ve ls (optim ization of codon usage , te sting of a fe w  
diffe re nt s ignal pe ptide s)

2. Stim ulation of VEGFR-2 and VEGFR-3 ph osph orylation by VEGF-D w ith  th e  be st 
e xpre s s ing constructs

3. D e te rm ination of th e  N-te rm inus of th e  m ature  pe ptide  of th e  be st e xpre s s ing 
constructs

4. Re m oval of th e  h istag from  th e  h igh e st e xpre s s ing construct and cre ation of th e  
ade noviral transfe r ve ctor







Ad-VEGF-DdNdC e xpre s s ion in H e La ce lls and VEGFR-2/3 binding 
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Pitfalls:

1. H ow  do w e  de te ct &  q uantitate  VEGF-D, w h ich  h as  a ve ry low  e xpre s s ion le ve l?

- No w e ll ch aracte rize d antibodie s  against VEGF-D
- VEGF re ce ptors cannot be  us e d e ith e r
- A tag is  th e  only poss ibility
- A tag is  not failsafe  (a tag m igh t ge t cle ave d off or influe nce  e xpre s s ion le ve ls)

2. W h at do w e  com pare  against?
Th e  corre sponding form s of VEGF-C, w h ich  h ave  ne ve r be e n e xpre s s e d.

3. All constructs s h ould be  clone d into th e  sam e  e xpre s s ion ve ctor.

4. All m ass  pre ps m ust h ave  a com parable  q uality (ge l ch e ck , O /D ratio &  
conce ntration de te rm ination).

5. Th e  com parison of e xpre s s ion le ve ls s h ould ide ally be  done  all toge th e r to avoid 
e xpe rim e nt-to-e xpe rim e nt variation (alte rnative ly a re liable  inte rnal cross -
e xpe rim e ntal control s h ould be  us e d).

6. More  pote ntial pitfalls, but th e y w e re  ignore d (e .g. e xpre s s ion diffe re nce s  due  
to ce ll type ).



Control constructs
pSe cTagA-e m pty
pAdApt VEGF-C constructs (clone d by Marik a Kärk k äine n)
pAdApt-CSP-∆N∆C-h VEGF-Cm inor_untagge d, incl. 5'UTR
pAdApt-CSP-∆N∆C-h VEGF-Cm inor_untagge d, e xcl. 5'UTR
VEGF-C CDS subclone d from  pAdApt to pSe cTagA
pSe cTagA-CSP-∆N∆C-h VEGF-Cm inor-H 6, incl. 5'UTR
pSe cTagA-CSP-∆N∆C-h VEGF-Cm inor-H 6, e xcl. 5'UTR
VEGF-C CDS subclone d from  pAdApt to pSe cTagA &  h istagge d
pSe cTagA-CSP-∆N∆C-h VEGF-Dm inor-H 6, incl. 5'UTR
pSe cTagA-CSP-∆N∆C-h VEGF-Dm inor-H 6, e xcl. 5'UTR
pAdApt VEGF-D constructs (clone d by Tanja Laak k one n)
pAdApt-DSP-∆N∆C-h VEGF-Dm ajor_untagge d
pAdApt-CSP-∆N∆C-h VEGF-Dm ajor_untagge d
pAdApt-∆N∆C-h VEGF-Dm ajor_untagge d
pAdApt-∆N∆C-h VEGF-Dinte rm e diate _untagge d
VEGF-D CDS subclone d from  pAdApt to pSe cTagA
pSe cTagA-DSP-∆N∆C-h VEGF-Dm ajor_untagge d
pSe cTagA-CSP-∆N∆C-h VEGF-Dm ajor_untagge d
pSe cTagA-∆N∆C-h VEGF-Dm ajor_untagge d
pSe cTagA-∆N∆C-h VEGF-Dinte rm e diate _untagge d
VEGF-D CDS subclone d from  pAdApt to pSe cTagA &  h istagge d
pSe cTagA-DSP-∆N∆C-h VEGF-Dm ajor-H 6
pSe cTagA-CSP-∆N∆C-h VEGF-Dm ajor-H 6
pSe cTagA-∆N∆C-h VEGF-Dm ajor-H 6
pSe cTagA-∆N∆C-h VEGF-Dinte rm e diate -H 6
VEGF-D constructs us ing th re e  diffe re nt s ignal pe ptide s  (clone d by Kuk k a Ah o)
pSe cTagA-IgKSP-h VEGF-Dm ajor_untagge d (9  N-te rm inal additional am ino acids)
pSe cTagA-IgKSP-SapI-h VEGF-Dm ajor_untagge d (native  N-te rm inus pre dicte d)
pSe cTagA-collSP-h VEGF-Dm ajor_untagge d (native  N-te rm inus pre dicte d)
VEGF-D constructs us ing th re e  diffe re nt s ignal pe ptide s, h istagge d
pSe cTagA-IgKSP-h VEGF-Dm ajor-H 6 (9  N-te rm inal additional am ino acids)
pSe cTagA-IgKSP-SapI-h VEGF-Dm ajor-H 6 (native  N-te rm inus pre dicte d)
pSe cTagA-collSP-h VEGF-Dm ajor-H 6 (native  N-te rm inus pre dicte d)
VEGF-D constructs w ith  optim ize d codon usage  &  controls, tagge d &  untagge d
pSe cTagA-IgKSP-h VEGF-Dm ajor_untagge d (18 N-te rm inal additional am ino acids)
pSe cTagA-IgKSP-h VEGF-Dm ajor-H 6 (18 N-te rm inal additional am ino acids), optim ize d cDNA
pSe cTagA-IgKSP-h VEGF-Dm ajor-H 6 (18 N-te rm inal additional am ino acids)
pSe cTagA-IgKSP-h VEGF-Dm ajor_untagge d (18 N-te rm inal additional am ino acids), optim ize d cDNA



Binding of diffe re nt m ature  VEGF-Ds to h VEGFR-3(D1-3)/h IgG1Fc 



Binding of diffe re nt m ature  VEGF-Ds to h VEGFR-3(D1-3)/h IgG1Fc 



Binding of diffe re nt m ature  VEGF-Ds to h VEGFR-2(D1-3)/h IgG1Fc 



Binding of diffe re nt m ature  VEGF-Ds to h VEGFR-2(D1-3)/h IgG1Fc 



Expre s s ion of diffe re nt m ature  VEGF-Ds (IP w ith  pc α-VEGF-D)



Expre s s ion of diffe re nt m ature  VEGF-Ds



Ba/F3-VEGFR-3 assay



Conclusions:

1. W h e n com paring th e  e xpre s s ion le ve ls of functional prote in, none  of th e  VEGF-D 
constructs cam e  e ve n close  (> 10% ) to th e  e xpre s ion le ve ls of th e  control VEGF-C 
constructs.

2. Th e  constructs th at e xpre s s e d m ost VEGF-D w e re  all non-native  at th e ir N-
te rm inal e nds (pSe cTagA-IgKSP-SIIRRH 6_opt._cDNA according to th e  H 5m Ab, 
pAdApt-IL3SP-PYS-untagge d according to th e  VEGF-D pcAb and both  VEGFR-2 and 
VEGFR-3). 

3. O ptim ization of th e  cDNA doe sn't incre as e  th e  am ount of functional prote in. It 
m igh t incre as e  th e  am ount of total prote in.

4. None  of th e  h igh e st e xpre s s ing VEGF-D constructs is  suitable  for us e  in h um ans.

5. From  th os e  constructs th at w e re  de s igne d to be  native  at both  te rm ini, th e  one  
us ing th e  VEGF-C s ignal pe ptide  h ad th e  h igh e st e xpre s s ion.

6. Unlik e  for VEGF-C th e  usage  of th e  C-te rm inal h istag for m ature  VEGF-D is  
com prom is ing binding tow ards both  VEGFR-2 and VEGFR-3. D iffe re ntly to Marik a 
Kärk k äine n no diffe re nce  could be  s e e n be tw e e n th e  VEGF-C constructs th at 
diffe re d by th e  abs e nce /pre s e nce  of th e  5' UTR.



Production of various prote ins

1. Re com binant production and purification of m ature  h VEGF-C in S2 ce lls for th e  
s e le ction of α-h VEGF-C scAb/α-h VEGF-C IgGAb

2. Re com binant production and purification of m ature  h VEGF-C in CH O  ce lls

3. Ch aracte rization of ne w  anti-VEGF-C antibodie s  (provide d by VTT)

4. Re com binant production, purification and ch aracte rization of active  h VEGFR-
3/h IgGFc fus ion prote in in CH O  ce lls



1. Ne w  constructs:

DP-TEETIKFAAAH YN... ...MSKL-H 6

m inor form : DP-TEETIKFAAAH YN... ...MSKLDVYRQVH SIIRR-H 6

m ajor form :    DP-AH YN... ...MSKLDVYRQVH SIIRR-H 6

 

Ne w  re com binant VEGF-C prote ins  produce d in S2 ce lls



blue  = oligom e ric/m ultim e ric, m age nta = dim e ric, ye llow  = m onom e ric, cyan = "old VEGF-C standard"

Ne w  re com binant VEGF-C prote ins  produce d in S2 ce lls

m inor form m ajor form







1. Ne w  constructs:

DP-TEETIKFAAAH YN... ...MSKL-H 6

m inor form : DP-TEETIKFAAAH YN... ...MSKLDVYRQVH SIIRR-H 6

m ajor form :    DP-AH YN... ...MSKLDVYRQVH SIIRR-H 6

2. Modifie d purification proce dure :

Com ple te  s e paration of dim e ric form  from  m ono- and oligom e ric form s via a H iLoad 26/60 
Supe rde x 75 colum n.

3. Diffe re nt tags for th e  m inim al form :

CBU-tag: AH YN... ...MSKL-KRRW KKNFIAVSAANRFKKISSSGAL
Stre pII-tag: AH YN... ...MSKLD-SA-W SH PQFEK
(Stre pIII-tag: AH YN... ...MSKLD-SA-W SH PQFEK -GGGSGGGSGGGS-W SH PQFEK)
 





Com parison of VEGFR-3(D1-3)/h IgGFc and VEGFR-3(D1-2)/h IgGFc

W e ste rn w ith  α-h Ig/H RP Inh ibition of VEGF-C-m e diate d survival of 
Ba/F3-VEGFR-3 ce lls (45ng VEGF-C/m l)



Production of re com binant prote ins  in m am m alian h osts

typical product titre : ~ 50m g/l (19 86) vs. 4.7g/l (2004)

source s  of ce ll de nsity (4-5x h igh e r)
im prove m e nt: m e dium  &  fe rm e ntation optim ization (rolle r-bottle s vs. 

fe rm e nte r), h ost ce ll e ngine e ring

production ph ase  (2-3x longe r)
h ost ce ll e ngine e ring, fe rm e ntation optim ization

spe cific productivity (5-10x m ore )
H T scre e ning, h ost-ce ll e ngine e ring (s ite -spe cific inte gration)







Major Ch alle nge s  of dh fr Ge ne  Am plification in Ch ine s e  H am ste r Ovary 
(CH O) Ce lls

1. During s e le ction and am plification low -e xpre s s ing clone s  are  pre fe re ntially 
s e le cte d (inve rs e  re lations h ip be tw e e n prote in e xpre s s ion le ve ls and doubling tim e

2. Re s istance  against m e th otre xate  (MTX) doe s  occur due  to alte rnative  drug-
re s istance  m e ch anism s, e spe cially unde r rapid s e le ction

3. Scre e ning ne e ds  a H T approach  find h igh ly e xpre s s ing clone s  from  th e  tail of 
th e  Gauss  curve

4. Prote in e xpre s s ion le ve ls are  inve rs e ly re late d to prote in q uality



Major Ch alle nge s  of dh fr Ge ne  Am plification in Ch ine s e  H am ste r Ovary 
(CH O) Ce lls

1. During s e le ction and am plification low -e xpre s s ing clone s  are  pre fe re ntially 
s e le cte d (inve rs e  re lations h ip be tw e e n prote in e xpre s s ion le ve ls and doubling tim e )

- Early and m ultiple  rounds of s ingle -ce ll e xpre s s ion scre e ning

- Expre s s ion fe e dback  (e .g. e xpre s s ing th e  s e le ction m ark e r as a fus ion prote in w ith  a EC 

dom ain capable  of autocrine  survival s ignalling)

2. Re s istance  against m e th otre xate  (MTX) doe s  occur due  to alte rnative  drug-
re s istance  m e ch anism s, e spe cially unde r rapid s e le ction
- Early and m ultiple  rounds of s ingle -ce ll e xpre s s ion scre e ning

- Slow  s e le ction

3. Finding a h igh ly e xpre s s ing clone  from  th e  tail of th e  Gauss  curve
- targe te d ins e rtion

-H T scre e ning

4. Prote in e xpre s s ion le ve ls are  inve rs e ly re late d to prote in q uality
-e ngine e ring of h ost ce lls (e nzym e s  of th e  glycosylation m ach ine ry, ch ape rone s)



1. pSV2-dh fr

2. pSV2-dh frw e ak  and pSV2-dh frw e ak w e ak  (tw o additonal ve rs ions 
of pSV2-dh fr w ith  a w e ak ly and a h e avily crippe le d SV40 
prom ote r)

3. pSV2-dh fr/EGFP

(4. pSV2-dh frw e ak /EGFP and pSV2-dh frw e ak w e ak /EGFP)

5. Ins e rtion of th e  VEGFR-3/h IgGFc and VEGF-C e xpre s s ion 
cas e tte s  into th e  s e le ction ve ctor (alte rnative  but infe rior for 
CH O  ce lls: cotransfe ction w ith  e xisting constructs)
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