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Structure-Function studies
Using site-directed mutagenesis
and gene transfer

A

Development of new analogs



Therapeutical Recombinant
proteins

1978 Human Growth Hormone

21979 Human Insulin



The Problem_

Most therapeutic proteins are <30 kD and hence:

* Are filtered out quickly by the kidneys
. Are taken up by the liver and cleaved enzymatically
= Have to be injected frequently for optimal therapy

= Cause adverse effects due to peak dose
injection



Success of Long-Lasting Proteins |

» PEGylation - Interferon oo (SGP/Roche)

- PEGIntron/Pegasys '%\
= $3.2 billion in sales in 2006
- PEGylation - GCSF (Amgen)

- Neulasta & Neulasta®
(pegfilgrastim)
= $2.5 billion in sales in 2006

= Hyper Glycosylation - EPO (Amgen)
« Aranesp (DNA Modifications)

= $3.9 billion in sales in 2006




Structure-Function of
Glycoprotein Hormones

® FSH - Human Stimulating Hormone
mlLH - Luteinizing Hormone
® hCG - Human Chorionic Gonadotropin

m TSH - Thyrotropin Hormone






Glycoprotein Hormone Subunits



The Technology was Created By Nature
During Evolution - the CTP " cassette”

Two fertility hormones

hCG — maintains pregnancy
and requires long T1/2

hLH — stimulates ovulation on a pulse
mode requiring a short T1/2

Amino acid sequence of hCG &
hLH is almost identical

with its 4 O-glycans does not exist in hLH

T12 of NCG is
~5 times longer
than T1/2 of LH
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Prediction of Folded and Unfolded Region of

human chorionic gonadotropin (HCG) - chain B

e CTP amino acid sequence
Lg/ is predicted to be unfolded

o] =2 i
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Residue Nunber
M folded M unfolded

Summary:
Number Disordered Regions: 1

Longest Disordered Region: L )

Number Disordered Residues: 37

Predicted disorder segment: [109]-[145) lenght: 37 score: -0.06 £ 0.03

1l SKEPLRPRCR PINATLAVEK EGCPVCITVN TTICAGYCPT MTRVLOGVLP
S1 ALPQVVCNYR DVRFESIRLP GCPRGVNPVV SYAVALSCQC ALCRRSTTDC
101 GGPKDHPLTC DDPRFQDSSS SKAPPPSLPS PSRLPGPSDT PILPQ

( Predicted disordered segment )



Crystal Structure of hGCgshowing long
C-term lacking CTP

N-terminal

CTP not seen In
structure




The Role of CTP
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Deletion of CTP from hCG

- No effect on the assembly of subunits
- No effect on receptor binding

- No effect on in vitro bioactivity

- Significantly decreased the bioactivity
in vivo



Protein

IHalf- Life



Designing New FSH Analog
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Designing New FSH Analog

hFSHﬁ Gene hCGﬁ Gene CTP

!

hFSHB Gene CTP



hFSH - CTP

2
NH2

1- Assembly of the subunits

2- Binding to the receptor
3- In vitro Bioactivity

4- In vivo Bioactivity

5- Immunogenecity



Gene Expression

\ CHO Ansfection

Stable Clone



Assembly of Subunits
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FI1G. 4. Ability of a single ip injection of WT-FSH vs. FSH-CTF1 to
increase ovulatory potential. Rats received a single ip injection of WT-
FSH (1 > 10 IU) or 1, 3, or 10 IU FSH-CTFPI1, followed 52 h later by a
high dose (5 ug) of hCG. The following morning, the oviducts were

excised to count the numbers of ovulating ova. Some rats received four
2.5-TLY injectinn=a at 12-h intervale hefore hC(s (4 >« 2.5 T17) Reasnlts are
expressed as the mean number of ovulating oocvtes per rat. TThe number
of ovulating rats per total number of animals studied is presented as a
ratio above each group. C, Controls.




F8H (IU/mi)

Half - Life

8 12 16 20 24
Hours
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The role of O-linked @M@M
FSH -CTP

Transfectiofn into
LDLD Cells




Biological Activity

(ng/ml)
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Organon - Merck

e FSH — CTP is effective in follicular stimulation

e FSH — CTP is safe

* FSH — CTP is not immunogenic



From Medscape Medical News = Alerts, Approvals and Safety Changes = slepana®
International &pprovals ML{ thde 1b
Medical News }

EU Approves First Long-Acting Fertility Treatment

faelWaknine

February 2, 2010 — The European Commission

(EC) has approved ELONV A (FSH-CTP)

Merck Receives Positive Regulatory Opinion
for European Marketing of Long-Acting CTP-

Modified Fertility Treatment ELONVA



FSH - CTP

(ELONVA)

World — Wide Use



Start Up Company
CTP
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“Enhancing the potency and longevity
of highly valuable proteins”



Start Up Company

PROLOR
BIOTECH

Public Company

» NASDAQ, Stock Exchange, NY, USA.

* Tel-Aviv Stock Exchange, Tel-Aviv, Israel.
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OPKO Health, Inc.

a multinational biopharmaceutical
and diagnostics company



Designing Long Acting Proteins

m Erythropoietin
B Growth Hormone
m Interferon

m Factors, XI & VII
m Short Peptides



Erythropoletin (EPO)

The most common use is in people
with anemia (low blood count)
related to kidney dysfunction



3 - D Structure Analysis

C-term

N-term

Human
Erythropoietin o
(blue) with its
Receptors (cyan)

Conclusion:
Strands of both termini are fairly long and accessible.
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Human EPO-CTP3
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Human EPO-CTP3
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Human EPO-CTP3
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Erythropoietin (mU /ml)

Human EPO-CTP3
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Human Growth Hormone
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Pharmaceutical and Biotechnological
Uses of Growth Hormone

To treat children of pathologically
short stature



3-D Structure Analysis |

Conclusion: Both termini pointing away from the receptors and are accessible
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ATGGGGGTG.. . GGGGACAGA | TCCTCTTCC....CTCCCACAATAA

Met Gly Val....Gly Asp Arg Ser Ser Ser....Leu Pro GIn Term
1 2 3...190 191 192 118 119 120....143 144 145

GH-cDNA “— " CGB-CTP  *
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Fig.1.



Secretion of GH Analogs from CHO cells




GH - (CTP)3

CTP

GH

CTP

CTP
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GH - (CTP)3

m Expeiments in Rehsus Monkeys and
human clinical trials phase I that GH-

Long- acting 1is safe and not
IMMmMuNogenic

m GH-(CTIP)3 is in human clinical
trials phase 111




m Ligation of the CTP cassette gene
bearing 4 O-linked Oligosaccharised
chains to different proteins 1is an
interesting strategy for increasing the in
vivo half-life and in vivo bioactivity

This may allow reducing :
A) Drug dose
B) Number of injections



TSH Studies









TSH Subunits



hTSH Variants
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h'TSH Single Chain
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hTSH Single Chain

¢ EXxpressed in CHO cells

¢Binds to TSH Receptor in high
affinity as will as the TSH-W'T

¢ Biologically active



hTSH — Single Chain Vatiants
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Secretion of TSH variants
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Receptor Binding TSH (Mutants)
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cAMP(pmol/well)

hTSH (uU/ml)



TSH Antagonist
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Graves’ Disease

Thyroid Stimulating Immunoglobolins
. N ([@sp
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TSI Antagonist
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m Deletion ol the N-linked
oligosaccharides from TSH resulted In
partial antagonists of TSH and TSI at
the level of the receptor binding site.

m [SH variants may offer a novel
therapeutic strategy In the treatment of

hyperthyroidism and Graves’ disease.



Prof. Zaki Kraiem

Dr. Naeil Azam
Orit Sadeh
Flonia Levi
Rinat Alenberg

Dr. Sharif Ganim
Dr.Taleb Hajoj

Prof. Irving Boime
Prof. Aaron Hsueh

Dr. Avri Havron
Dr. Eyal Fima

Mr. Shai Novik



Clinical Advisory Panels
World Known Opinion Leaders

m hGH
® Ron Rosenfeld, MD, Stanford
® Barry Sherman, MD, Genentech, BiPar
m /vi Zadik, MD, Hebrew University
m EPO
m Allen Nissenson, MD, UCILA
® Anatole Besarab, MD, Henry Ford, Detroit
m Interferon-beta
= William Mobley, MD, Stanford
m Hillel Panitch, MD, Vermont
® Ron Milo, MD, Israel




* National Institutes of Health (NIH)

*The Rockefeller Foundation

eUnited States - Israel Binational Science
Foundation (BSF)

* Israel Science Foundation (ISF)

* The Israel Ministry of Science
* The Israel Ministry of Industry and Trade

*Private Investors


https://www.google.co.il/url?q=http://www.nih.gov/&sa=U&ei=rVeEU_XsOKuq7QaEwoEQ&ved=0CCAQFjAA&usg=AFQjCNFfSoTpK57ng_oqH5ofGWT1TIjvVg
https://www.google.co.il/url?q=http://www.rockefellerfoundation.org/&sa=U&ei=N1iEU7--LIW47AbHpYDwCA&ved=0CCMQFjAA&usg=AFQjCNEPYFPh3ljGL9EblFZ8Yr9mKOnzMQ




Let Us Meet Again

We welcome you all to our future
conferences of OMICS Group
[nternational



http://www.omicsgroup.com/
http://www.conferenceseries.com/
http://www.pharmaceuticalconferences.com/
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