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Protein Therapeutics

e First “protein vaccine” was cow-pox
(Jenner, 1796)

e First protein pharmaceutical was insulin
(Banting & Best, 1922)

* Now more than 200 approved peptide and
protein pharmaceuticals on the FDA list

e Many different types...
e Many different sources...
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Lionel Andrés "Leo" Messi (born 24 June 1987) is an Argentine professional
footballer plays as a forward for FC Barcelona

Born and raised in central Argentina, Messi was diagnosed with a growth hormone
deficiency as a child. At age 13, he relocated to Spain to join Barcelona, who agreed to
pay for his medical treatment.



History of hGH

1956 Purified from from human human pituitary gland by Li/Papkoff and Raben
1956-1960 Clinical trials show that GH-deficient children will benefit from pituitary GH
1960 National Pituitary Agency (NPA) formed to coordinate pituitary collection

and HG extraction
1963-1985 7700 children in USA were treated for severe GH deficiency and 27,000

worldwide

1985 Reports of four people die from (prion-mediated) Creuzfeldt Jacob Disease
(CJD) who had GH in the 1960s. FDA suspends extraction of hGH.

1985 Recombinant Protropin (Genentech) is approved ($10,000-30,000/yr)

1986 — now Other pharmaceutical companies Eli Lilly, Kabi, Novo Nordisk, Serono to
follow with their versions of rhGH

1986 — now Expansion of indications to Turner syndrome, Renal insufficiency, muscle
wasting in AIDS etc

1986 — now Growing off-label black market use by athletes and as “anti-aging” therapy
1990 Cheaper versions like Tev-Tropin is approved by FDA
2006 Biosimilar of somatropin approved in EU by Sandoz


http://americanhistory.si.edu/sites/default/files/blog_files/a/6a00e553a80e108834017d3cc62352970c-800wi.jpg

rGH — Replace Lacking Protein

Human Growth Hormone (HGH)
191 amino acids single, two S-S bonds,
- Humatrope® (Lilly), Genotropin® (Pfizer),
Norditropin® (Novo Nordisk), Nutropin®

- First bio-similars: Teva-tropin (Teva),
Hypertropin (NeoGenica, China),
Jintropin (GeneScience, China)



FDA Approves Genentech's Drug to Treat Children's Growth Disorder
South San Francisco, Calif. -- October 18, 1985 —

The FDA today approved Genentech's first human pharmaceutical, a
biosynthetic growth hormone for treating growth retarded children.



http://www.gene.com/40th/the-approval




Insulin — Replace Lacking Protein

Fast-acting analogues Long-acting analogues
Insulin lispro . Insulin aspart ~ Insulin glargine . Datemir insulin

Nature Reviews | Drug Discovery

Insulin:
Novolog®, Novolin®, Novolin® 70/30 (Novo Nordisk)
Humalog®, Humulin®, Humulin® 50/50, Humalog® 75/25 (Lilly)

Lantus (Aventis)






























Peptide and Protein Delivery
Extension of Half-Life

GLP-1 Peptide Case Study









What is Exenatide? (Byetta®)

Rapidly degraded
by dipeptidyl peptidase IV (DPP-IV)

Food T %

¢ GLP-1 Exenatide

Gut _} ‘_

G EMEE HBRERE

GLP-1 receptor inislet cell

Glucose-stimulated insulin secretionf
B-cell proliferation

Delays gastric emptying

Satiety = reduces food intake

—> In April 2005, Exenatide (Byetta) was approved by the FDA
as an adjunctive therapy for type 2 diabetes




Studies so far — GLP-1 analog
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Fatty Acid
Attachment
to Bind
Albumin



Albumin-Fusion Extension

T,,, ~ 5 days


http://us.gsk.com/en-us/media/press-kits/tanzeum-albiglutide/
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Fc-Fusion Extension


http://diabetesmedicines.in/trulicity-dulaglutide/
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Polymer Microsphere
Depot


http://slideplayer.com/slide/10470888/



















Deamidation of Proteins

* Non-Enzymatic reaction which occurs at Asn (Asparagine)
and GIn (Glutamine)

e Hydrolysis reaction requiring water
« Pathways depend on pH and temperature
e Minimum rate in pH range ~3 -4
 Buffer catalytic effect in pH range ~ 7 — 12

e Rate is 5-10x faster for Asn than for GIn

e Rate is affected by the N+1 residue: Asn-Gly (fastest),



Deamidation of Asparagine

O

/ELNHE

HaMN COOH

Asparagine (Asn, M)
MW: 114.11

Isomerization of Asp / 1H8ZOD
+

pHrange (~5-12)

?NHZ

Succinimide
(cyclic imide)

H.N" ~CODH

Glutamine (Gln, Gl
MW: 12814

Asp,+1Da,z=-1

by hydolysis at -carbonyl

Iso-Asp,+1Da,z=-1

by hydrolysis at a-carbonyl

Copyright Satish K Singh

55
Adapted from JCarroll



Impact of Deamidation on Activity

mAb: Asn30 to Asp on LC: Potency ~70%. Asp102 to isoAsp on HC:
Potency < 30% (Harris et al, JChromB, 752, 233, 2001)

Presence of < 5% deamidated Amylin 20-29 leads to aggregation
and amyloid formation (Nilsson, ProtSci, 11, 342, 2002)

Enhanced bioactivity of mammalian somatotropin through
selective deamidation (Asn to isoAsp in region 96 -101) (WO
1987/01708)

Protein activity may or may not be impacted by
deamidation dependent upon:

— Position and impact on structure/conformation
— Extent of deamidation



Hydrolysis of Peptide Bonds

Catalyzed by acid or base
-x-Asp-y sequence is considered labile

Hydrolysis in dilute acid at least 100X faster than other
peptide bonds

Mechanisms similar to deamidation = succinimide formation,
followed by racemization and isomerization (possible at
physiological pH)

Asp-Pro (Pro-Asp-) susceptible (8-20X faster compared to
other Asp-x or x-Asp) under acidic conditions

-x-Ser-, -x-Thr-: Cleavage at N-terminal side faster than other
peptide bonds



Protein Oxidation

»Covalent modification of a protein
»Induced by reactive oxygen intermediates or other oxidants
»Can be caused by
e Chemical reagents (H,0O,, -O,, metal ions, excipients)
« UV light
»Commonly modifies the residues
e Met, Cys, Trp, His, Tyr
»May cause reduced potency of protein, depending on site
»May cause conformational change in protein, leading to
aggregation



Methionine Oxidation

CH, CH, CH,
% I
cljﬂg E—- l:|3H2 —— > «?H2
CH, CH, CH,

NHéH CO- NHéH CO- NHCl*H CO-

Methionine Methionine Methionine

Sulfoxide Sulfone



Disulfides: Cleavage and Scrambling

OH
R R NH2
éH oxidatio é D k
Xidation + - S
cysteines > g + 2H +  2e |
SH i Wy
| R Lﬁ
R HzN
OH
Cleavage: Reducing conditions e.g. in cytosol cystine

\ o N \

[s--§--S] — Ss—s .§

%, s % S

Thiol-disulfide exchange
(neutral or alkaline environments; pH > ~8;
protonated thiols are not reactive, pKa ~ 8.3)

thiolate

Disulfide reshuffling faster than formation/reduction of disulfides


http://en.wikipedia.org/wiki/Image:Disulfide-bond.png
http://en.wikipedia.org/wiki/Image:Thiol_disulfide_exchange.png
http://en.wikipedia.org/wiki/Image:Cystine-skeletal.png




Protein Conformational States









Stresses During Freezing

* Freeze Concentration

- Cryo-concentration of solutes
-Tcollision rates = T reaction rate

- Buffer crystallization / pKa shift = shift in pH

- lonic strength increase (0.15 M NaCl reaches 3 M at —10C)

- Increase in protein concentration

- Dessication
- Dilute aqueous solution - =20% H,0

- Enhanced concentration of oxygen in unfrozen solution
(solubility of O2 in ice is less than in aqueous solutions)

* Frozen State
v Unfolding due to interaction between ice surface

and protein molecule

v' Decrease in Hydrophobic bonds strength
v" Subunit dissociation
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