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 P rote i n  t h e ra p eut i cs

 Re comb in a nt  p rot e i ns

 M onoc l on al  a n t i b odi es

 G e n e  t h e ra py

 A nt i gen  a n d  a nt i sense  o l i gon uc leot i des

 R i b ozy mes  /  de oxy r ib ozymes

 C hi me rap la sts

 Tr i p l ex  For mi n g  O l i g onuc leot id es

 H uma n  A r t i f i c ia l  C h romosome s 

 C l i n ical  Tr i a l s  

Outline

 I n te r ferons  

 H uma n  G row t h  Hor mon e

 E nzy me s

 D N as e  I

 A l g i nate  Lyas e

 P h eny l a l an in e  A m m o nia  Lyas e

 α 1- A n t i t ry ps in

 G l yc osi dases

 A l g i n ate Lyase

 A nt i bod ies  

 Etc .

Recombinant proteins Recombinant proteins - Insulin
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U.S. FDA-approved protein therapeutics (2016)
40
11/30/2015

elotuzumab 
[ Empliciti; Bristol Myers 
Squibb]

mAb 
[humanized anti-
CD319(SLAMF7)]

oncology 
[cancer (multiple myeloma)]

41
12/8/2015

sebelipase alfa 
[ Kanuma; Alexion
Pharmaceuticals]

enzyme 
[lysosomal acid lipase]

cardiology/vascular diseases/genetic 
disease 
[lysosomal acid lipase deficiency]

42
3/18/2016

obiltoxaximab 
[ Anthim; Elusys 
Therapeutics]

mAb 
[mouse/human chimeric 
anti-
Bacillus anthracis]

infections and infectious disease 
[infectious disease (inhalational 
anthrax)]

43
3/22/2016

ixekizumab 
[ Taltz; Eli Lilly and 
Company]

mAb 
[humanized anti-IL-17a]

dermatology/immunology
[autoimmunity (plaque psoriasis)]

44
3/23/2016

reslizumab 
[ Cinqair; Teva 
Respiratory]

mAb 
[humanized anti-IL-5]

pulmonary/respiratory disease
[asthma]

45
4/5/2016

infliximab-dyyb
[ Inflectra; Celltrion]

mAb
[mouse/human chimeric 
anti-
TNFα]

musculoskeletal/rheumatology
[inflammatory (Crohn's
disease/ulcerative colitis/rheumatoid
arthritis/ankylosing
spondylitis/psoriatic arthritis/plaque
psoriasis)]

U.S. FDA-approved protein therapeutics (2011-2016*)

https://webs.iiitd.edu.in/raghava/thpdb/index.html

Antibodies – Basic Knowledge
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Antibodies – Basic Knowledge Antibodies – Basic Knowledge

Polyclonal Antibody Production Monoclonal Antibody Production
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Monoclonal Antibody Production Phage Display Technology

panning + elution with protease

produce phage

Monoclonal Antibodies Polyclonal Antibodies

Expensive production Inexpensive production

Long production time Rapid production

Large quantities of specific antibodies Large quantities of nonspecific antibodies

Recognize a single epitope on an antigen Recognize multiple epitopes on an antigen

Production is continuous and uniform once 
the hybridoma is made

Different batches vary in composition

Monoclonal vs. Polyclonal Antibodies

x x x xx
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 W HO  - G e n e va ,  2 6  M ay  2 0 1 7

Monoclonal  antibody (mAb) nomenclature  scheme

International Nonproprietary Name, 
INN

doi: 10.3233/HAB-180347

 Fu nct i on

 ac t ivate,  repress ,  o r  a l te r  endogenous  immune responses  to  

spec i f i c  ce l l s  o r  mo lecules

 Tre a t me nt  of

 c an c er,  i n f l ammatory  an d  au t o i m mun e d i s eas e,  an d  m any  ot h er  

t y p es  o f  d i s eas e

Therapeutic mAb

 1 s t ch i me r ic  mA b

 A b c i x im ab,  fo r  p erc u tane o us  c o ro nar y i n ter v e nti on

 p l ate l e t  ag g regat i o n i n h i b i t or

 s i n c e  1 9 9 4

 1 s t h um an i zed  mA b

 D ac l i z u mab,  t o  p rev en t  re je c t i o n i n  o rgan  t ran s p lantat ion

 b i n d s  t o  C D2 5 ,  t h e  a l p h a  s u b u n it  o f  t h e  I L - 2  rec e p t o r  o f  T - c e l l s

 s i n c e  1 9 9 7

Chimeric and Humanized Therapeutic mAb

 p ha ge - d isp lay  p l a t for ms

 t ra n sge n ic  mou se  p l a t for ms

 1 s t h um an  m A b

 A d al i mum ab (H u m i ra )

 r h eu m atoi d  ar t h r i t i s ,  p so r iat i c  a r t h r i t i s ,  an k y l o s in g s p on d yl i t i s ,  

C ro h n 's  d i s eas e ,  u l c erat iv e  c o l i t i s ,  c h ro n ic  p s o r ias is ,  h i d rad enit is  

s u p p u rat i va ,  an d  j u v en i le  i d i op ath ic  ar t h r i t i s .

 b i n d s  t o  T N Fα  rec ep t ors

 s i n c e  2 0 0 5

Fully Human Therapeutic mAb
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 B am l a ni v i mab ( p l u s  Ete se v i ma b),  C a s i r i v ima b P l u s  I md e v im ab

 S ot rov i m ab

 G ran ted  b y  FDA  a n d E M A

 E m e rg en cy U s e  A u t h o r i zat ion  ( EUA )

SARS-CoV-2 „treatment“ XenoMouse Hybridoma Technology

Therapeutic antibody grown in plants

Ref. 10.1073/pnas.1213709109 and 10.1126/scitranslmed.3006608
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Break 5 min

Gene Therapy

 H uma n  d i sord e rs  re sul t  i n  t he  ov e rexpress ion  of  a  nor ma l  prote i n

 Tre a t ment  a pp roa ch 

 L ow e rin g  of  t ra n scr ip t ion  or  t ra n s la t ion 

 A nt i gen  o l i gonu c leot i de  – bi nd s  t o  t he  ge n e  a nd  bl ock  t h e  

t ra n scr ip t ion

 A nt i sense  o l i gon ucl eot i de  – ba se  p a i rs  w i t h  a  sp e c i f ic  mR N A  

Nucleic Acids as Therapeutics

25 26
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Antisense DNA

 S u sce p t ibi l i t y  t o  d e g ra da t io n  b y  i n t ra ce l lu lar  nu c l e a ses!

Synthetic Antisense Oligonucleotides

 C at a l yt ic  R N A s  t h a t  cu t  t h i n g s ,  ma ke  t h i ng s ,  a nd  d o  o dd  an d  u se f ul  

j ob s

 R N A  me t a l loenzym es  ~4 0  t o  5 0  n u c l e o t id es  i n  l e n g th

 ca n b e  e n g i n eered  t o  spe c i f i ca l ly  c l e av e  a ny  mR N A  se qu e n ce

 se pa ra te  ca t a ly t i c  a nd  su b st ra te-b in di ng do ma i n s

Ribozymes

The Nobel Prize in Chemistry 1989

Sidney Altman
Prize share: 1/2

Thomas R. Cech
Prize share: 1/2

"for their discovery of 
catalytic properties of RNA"

 N o na t u ra l ly  occu r r i n g

 A r t i f ic i al ly  sy n t h e s i zed 

 1 ,0 0 0 -fol d  more  st a bl e  a ga i nst  hyd ro l y t i c  de st r u ct ion  t h a n prote i n

 1 0 0 ,0 0 0-fo ld  more  st a b l e  t h a n  R N A

Deoxyribozymes

Structure of deoxyribozyme 9DB1, 
where we can see the synthetic strand 
of DNA (in blue) once it has catalysed
the ligation of two RNA strands (in 
orange), joined at the point which is 
represented by a sphere.
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 s i te - sp ec i f ic  po i n t  mu t at i ons  w i t h i n  t h a t  se q ue n ce

Chimeric RNA-DNA molecules - chimeraplasts Gene Replacement Therapy vs. Corrective Gene Therapy

 se qu e n ces  of  N A s  t h a t  a re  ca p a bl e  of  re cog n i z in g a n d  b i n di ng  t o  a  

sp e c i f ic  t arge t

 i n c l u d in g me t a l  i on s ,  sma l l  m ol e cu les,  p e p t i d es  a n d prote i n s

 h i g h a f f i n i ty  an d  sp e ci f ic i ty

 Sy ste mat ic  Ev o l u t ion o f  L i ga n ds  by  E X p on e n t ia l e n r i ch ment  ( S E L EX)

 D N A  ( a re  more  st a b l e)  or  R N A  

Aptamers SELEX protocol
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siRNA (miRNA) silencing pathway Triplex Forming Oligonucleotides
 For ma t i on of  t r i p le  he l i ces  d i scov ered i n  1 9 5 7  ( Fe l sen fe ld e t  a l . )

 M organ  ( 1 9 6 8 )  d e monst rated  a b i l i t y  o f  a  b oun d  R N A  t h i rd  st ran d  t o  

i n h i b i t  t ran scr ip t ion

 S e qu e nce-spec i f i c  t ool s  for  ge n e  t a rge t i ng  ( p ur i ne -r i ch  st ra nd )

 E s t a b l i s h e d b i n d i n g  c o d e  

 T FOs  b i n d  t o  a  m aj or  g roov e  of  d u pl ex  DN A

 H i g h  s p e c i f i c i t y  a n d  a f f i n i t y  

 S t a b i l i ze d  b y  d i v a l e n t  c a t i o n s   

 H omi ng  de v i ces  for  ge n e t ic  m an i p u l at ion  i n  v i v o

 Pot e n t ia l  t o l l  for  ge ne  kn ock ou t  i n  ma mma l i a n ce l l s

 I n c l u d es  na t u ra l  an d  mod i f i ed  D N A ,  P N A s ,  po l ya mi d es

 Ty pi ca l ly  2 0 - 3 0  n t i n  l e n g th

Binding code for TFOs Triplex Forming Oligonucleotides
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TFOs – gene alteration Peptide Nucleic Acids
 I nv e nted  i n  1 9 9 1

 C he mi cal ly  st a b l e  a n d re s i st ant  t o  hydrol yt i c  c l e avage

Human Artificial Chromosomes (HAC)
 Tw o way s  for  c re at i on

 L i ga t ion  of  i n d i v id u al  ch ro mo some  comp o ne n ts  ( te l om ers ,  

ce nt romere,  or i g i n s o f  re p l ico n )

 Pa r i n g  dow n  an  ex i st i ng hu ma n  ch ro moso me  b y  d e l et in g  

ma te r ia l  t o  for m “ mi ni ch romo so me”
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Gene Therapy using HAC Cystic fibrosis treatment/ hopefully near future 

 P ha se  I

 f i rst - in -ma n  t r i a ls

 Usu a l l y,  sma l l  g roup  2 0 - 8 0

 S cre e n in g  for  safe t y an d  d o sage

 P ha se  I I

 L a rge r  g rou p  ( 2 0 0 - 300 )

 D e te r mi ne e f f i ca cy,  u su al l y  a ga i n st  p l a ce b o

 P ha se  I I I

 L a rge  g rou p  ( 1 0 0 0 - 3 00 0)

 C on f i r mat ion of  sa fe t y  a nd  e f f i ca cy ( co mpa re  t o  comm on l y  use d  

t re a t ment s )

Clinical Trials
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 Voge n be rg FR ,  I sa acso n  B a rash C,  P urse l M .  Pe rso na l i ze d M e d ic i ne:  

Pa r t  1 :  Ev o l u t ion a nd  D e v e l opmen t  i nt o  T h e ra no st ics .  P ha r ma cy  a n d  

T he ra p eut i cs .  2 0 1 0 ; 3 5( 10) : 560 - 57 6.

Reading
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