
CHAPTER I 
INTRODUCTION

1.1 Acquired Immune Deficiency Syndrome (AIDS)
1.1.1 History
In  1 9 8 1 ,  th e  f ir s t  a r t ic le  r e la te d  to  A c q u ir e d  im m u n e  d e f ic ie n c y  s y n d r o m e  ( A I D S )  

w a s  p u b l is h e d  b y  M ic h a e l  G o t t l ie b  a n d  c o w o r k e r s  [1 ] ,  T h e  a r t ic le  r e p o r te d  a b o u t a  

r a n d o m  in c r e a s e  in  p n e u m o c y s t i s  c a r in ii  p n e u m o n ia  (P C P ) , a  rare lu n g  in fe c t io n . T h e  

C e n te r s  fo r  D i s e a s e  C o n tr o l  a n d  P r e v e n t io n  (C D C )  n o t ic e d  th a t th e r e  w a s  an  u n u su a l h ig h  

n u m b e r  o f  r e q u e s t s  fo r  th e  d r u g  th a t tr e a te d  P C P . A  sh o r t  w h i l e  la ter , a n o th e r  a r t ic le  

r e p o r te d  e ig h t  o u tb r e a k s  o f  K a p o s i ’ s  S a r c o m a  ( K S )  in  y o u n g  h o m o s e x u a l  m a le s  in  N e w  

Y o r k . T h is  w a s  s u r p r is in g  b e c a u s e  K a p o s i ’s  S a r c o m a  w a s  a  rare  fo r m  o f  c a n c e r  th a t  

n o r m a lly  s h o w e d  u p  in  o ld e r  p e o p le .  A t  th a t t im e , th e  m e d ic a l  c o m m u n it y  r e a liz e d  th a t a  
n e w  d is e a s e  w a s  p r o b a b ly  h e a d in g  th e ir  w a y .  In  1 9 8 2 ,  th e  te r m  A c q u ir e d  Im m u n e  

D e f i c i e n c y  S y n d r o m e  o r  A I D S  w a s  n a m e d  b y  C D C . T h e  c a u s a t iv e  a g e n t  o f  A I D S  w a s  

la ter  id e n t i f ie d  in  1 9 8 3  b y  L u c  M o n ta g n ie r  o f  F r a n c e  a n d  R o b e r t  G a l lo  o f  th e  U n ite d  

S ta te  a n d  n a m e d  h u m a n  im m u n o d e f ic ie n c y  v ir u s  (H I V ) .

1.1.2 The Global HIV epidemic today
S in c e  its  f ir s t  r e p o r te d  in  1 9 8 1  w ith  a  s m a ll  n u m b e r  o f  p a t ie n ts  ( th e r e  w e r e  1 ,6 0 0  

p e o p le  d ia g n o s e d  w it h  th e  d i s e a s e  a n d  a lm o s t  s e v e n  h u n d r e d  d e a t h s ) ,  A I D S  h a s  n o w  

b e c o m e  a  m a jo r  e p id e m ic  w ith  m o r e  th a n  3 9 .5  m i l l i o n  p e o p le  w o r ld w id e  l iv in g  w ith  H I V  

(T a b le  1 .1 ) . In 2 0 0 6  a lo n e ,  th e r e  w e r e  4 .3  m i l l io n  n e w  H I V -1  in f e c t io n s  a n d  2 .9  m i l l io n  

A I D S  d e a th s . T h e s e  e s t im a t e s  m a s k  th e  d y n a m ic  n a tu re  o f  th is  e v o lv i n g  e p id e m ic  in  

r e la t io n  t o  te m p o r a l  c h a n g e s ,  g e o g r a p h ic  d is tr ib u t io n , m a g n itu d e , v ir a l  d iv e r s i ty ,  a n d  

m o d e  o f  t r a n s m is s io n .  T o d a y , th e r e  is  n o  r e g io n  o f  th e  w o r ld  u n to u c h e d  b y  th is  

p a n d e m ic .  A l t h o u g h  p r o m is in g  d e v e lo p m e n t s  h a v e  b e e n  s e e n  in  r e c e n t  y e a r s  in  g lo b a l  
e f fo r t s  to  a d d r e s s  to  e f f e c t i v e  tr e a tm e n t a n d  p r e v e n t io n  p r o g r a m s , th e  n u m b e r  o f  p e o p le  
l iv in g  w ith  H I V  c o n t in u e s  to  g r o w  a s  d o e s  th e  n u m b e r  o f  d e a th s  d u e  to  A I D S .
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Table 1.1 Global summary of the AIDS epidemic in 2006 (data as of December 2006),
the number is an average while the number in parenthesis is for range. The data was
taken from the jointed United Nations programme on HIV/AIDS (UNAIDS) 2006 [2],

P e o p le  l i v i n g  w ith  
H I V

T o ta l  ( m i l l i o n )
T o ta l 3 9 .5  ( 3 4 .1  - 4 7 . 1 )
A d u lt s 3 7 .2  (3 2 .1  - 4 4 . 5 )
C h ild r e n  u n d e r  15 y e a r s 2 .3  ( 1 . 7 - 3 . 5 )

P e o p le  n e w ly  

in fe c te d  w it h  H I V

T o ta l 4 .3  ( 3 . 6 - 6 . 6 )
A d u lt s 3 .8  ( 3 . 2 - 5 . 7 )
C h ild r e n  u n d e r  15 y e a r s 0 .5 3  ( 0 . 4 1 - 0 . 6 6 )

A I D S  d e a th s
T o ta l 2 .9  ( 2 . 5 - 3 . 5 )
A d u lt s 2 .6  ( 2 .2  - 3 .0 )
C h ild r e n  u n d e r  15 y e a r s 0 .3 8  ( 0 . 2 9 - 0 . 5 0 )

1.1.3 HIV/AIDS epidemic in Thailand
T h a ila n d  is  o n e  o f  th e  c o u n tr ie s  w ith  a  lo n g  s ta n d in g  A I D S  e p id e m ic .  A s  rep o r ted  

b y  th e  B u r e a u  o f  E p id e m io lo g y  (D e c e m b e r  3 1 ,  2 0 0 6 ) ,  th e  c u m u la t iv e  n u m b e r  o f  A I D S  

p a t ie n ts  w a s  a p p r o x im a te ly  3 0 7 ,1 1 4  c a s e s  a n d  8 5 ,4 5 9  A I D S  d e a th  c a s e s  [3 ] .  W ith in  th e  

T h a i p o p u la t io n , th e  p e r c e n ta g e  o f  A I D S  c a s e s  w e r e  fo u n d  to  b e  2 5 .8 4  %  in  3 0 - 3 4  a g e  

g r o u p s  f o l lo w e d  b y  2 4 .2 6  %  in  2 5 - 2 9 ,  1 7 .3 1  %  in  3 5 - 3 9 ,  9 .4 2  %  in  4 0 - 4 4 , 8 . 5 9  %  in  2 0 -  

2 4 ,  a n d  l e s s  th a n  4 .1 8  %  in  0 - 1 4  a g e  g r o u p s . F o r  1 5 -1 9  a g e  g r o u p s ,  th e  ra te  o f  A I D S  
c a s e s  in  y o u n g  w o m e n  w a s  h ig h e r  th a n  th a t o f  m e n . M o s t  o f  A I D S  c a s e s  w e r e  rep o r ted  

a m o n g  la b o r  g r o u p s ,  w h o s e  o c c u p a t io n s  in c lu d e  4 6 .4 3 %  la b o r e r s  ( g e n e r a l  e m p lo y e e s ,  
in d u s tr y  e m p lo y e e s ,  tr a c k  d r iv e r  a n d  la b o r s )  a n d  2 0 .8 1 %  a g r ic u ltu r e . In 2 0 0 7 ,  th e  T h a i  
W o r k in g  G r o u p  o r  A 2  T e a m  e s t im a te d  th a t th e  c u m u la t iv e  n u m b e r  o f  H I V  c a s e s  in c lu d e d  
1 ,1 0 2 ,6 2 8  p e o p le ,  w h i l e  th e  c u m u la t iv e  A I D S  d e a th s  s t o o d  a t 5 5 8 ,8 9 5  c a s e s ,  a n d  th e  

r e m a in in g  p e o p le  l iv in g  w ith  H I V  a l iv e  ( P L W H A )  w h o  r e q u ir e  m e d ic a l  a tte n tio n  

a m o u n te d  to  5 4 6 ,5 7 8  c a s e s .  L ik e w is e  in  th e  g lo b a l  s it u a t io n , it is  o b v io u s  th a t th e  
n u m b e r  o f  H I V -1  in f e c t e d  p a t ie n ts  h a s  c o n t in u e d  to  r is e  in  T h a ila n d  a s  w e l l .
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1.2 Human Immunodeficiency Virus (HIV)
A s  a f o r e m e n t io n e d  h u m a n  im m u n o d e f ic ie n c y  v ir u s  o r  H I V  is  th e  v ir u s  th a t c a u s e s  

A I D S .  H I V  c a n n o t  g r o w  or  r e p r o d u c e  o n  its  o w n . In o r d e r  to  m a k e  n e w  c o p ie s  o f  i t s e lf ,  it 

m u s t  in f e c t  th e  c e l l s  o f  a  l iv in g  o r g a n is m . H I V  b e lo n g s  to  a  s p e c ia l  c la s s  o f  v ir u s e s  c a l le d  

r e tr o v ir u se s . W ith in  th is  c la s s ,  H I V  is  p la c e d  in  th e  su b g r o u p  o f  le n t iv ir u s e s .  O th er  
le n t iv ir u s e s  in c lu d e  S im ia n  im m u n o d e f ic ie n c y  ( S I V ) ,  F e l in e  im m u n o d e f ic ie n c y  v ir u s  

( F I V ) ,  V is n a  a n d  C a p r in e  a r th r it is -e n c e p h a l it is  v ir u s  ( C A E V ) ,  w h ic h  c a u s e  d i s e a s e s  in 

m o n k e y s ,  c a t s ,  s h e e p  a n d  g o a t s ,  r e s p e c t iv e ly  [4 ] ,
T h e r e  a re  2  d is t in c t  m a jo r  s tr a in s  o f  th e  v ir u s  i .e .  H I V -1  a n d  H I V - 2 .  H I V - 2  h a s  

e f f e c t s  l ik e  t h o s e  o f  H I V - 1 ,  b u t it i s  o n ly  fo u n d  in  th e  c e r ta in  a r e a s , n o r m a lly  in  W e s t  

A fr ic a  [5 ] .  T h e r e  are  a  f e w  d i f f e r e n c e s  b e tw e e n  th e  t w o  s tr a in s . H I V - 2  is  h a rd er  to  sp rea d  

a s  it is  o n ly  tr a n sm itte d  th r o u g h  s e x u a l  in te r c o u r s e  fr o m  w o m a n  t o  h e r  c h i ld  w h e n  it is  in  

th e  w o m b  w h e r e a s  H I V -1  c a n  a ls o  b e  tr a n sm itte d  th r o u g h  th is  a n d  v ia  b lo o d  to  b lo o d  

c o n ta c t . M o r e o v e r ,  p a t ie n ts  in fe c te d  b y  H I V - 2  h a v e  a  lo w e r  v ir u s  d e n s i t y  in  th e ir  

b lo o d s tr e a m . It is  l ik e ly  th a t H I V -1  is  m o r e  c o m m o n  a n d  is  m o r e  o f t e n  fo u n d  s o  w h e n  

p e o p le  r e fe r  to  H I V  w it h o u t  s p e c i f y in g  th e  ty p e  o f  v ir u s  t h e y  m e a n  H I V - 1 .

1.2.1 HIV-1 Structure
H I V  e x i s t s  a s  r o u g h ly  s p h e r ic a l  p a r t ic le s  ( s o m e t im e s  c a l le d  v ir io n s ) .  T h e  s u r fa c e  

o f  e a c h  p a r t ic le  is  s tu d d e d  w ith  a  lo t  o f  l it t le  s p ik e s .  A n  H I V  p a r t ic le  is  a ro u n d  1 0 0 - 1 2 0  

n m  in  d ia m e te r  [6 ] .  O b v io u s ly ,  H I V  p a r t ic le s  are m u c h  t o o  s m a ll  t o  b e  s e e n  th r o u g h  an  

o r d in a r y  m ic r o s c o p e .  H o w e v e r ,  t h e y  c a n  b e  s e e n  c le a r ly  w it h  a n  e le c tr o n  m ic r o s c o p e .  
H I V  p a r t ic le s  su r r o u n d  t h e m s e lv e s  w it h  a  c o a t  o f  fa tty  m a te r ia l  k n o w n  a s  th e  v ir a l  
e n v e lo p e  (o r  m e m b r a n e ) .  P r o je c t in g  fr o m  th is  a re  a ro u n d  7 2  l i t t le  s p ik e s ,  w h ic h  are  

fo r m e d  fr o m  th e  p r o t e in s  g p l 2 0  a n d  g p 4 1 . B e l o w  th e  v ir a l e n v e lo p e  is  a  la y e r  c a l le d  th e  

m a tr ix , w h ic h  is  m a d e  fr o m  th e  p r o te in  p i 7 . T h e  v ir a l c o r e  (o r  c a p s id )  is  u s u a l ly  b u l le t 
s h a p e d  a n d  is  m a d e  fr o m  th e  p r o te in  p 2 4 .  I n s id e  th e  c o r e  a re  th r e e  e n z y m e s  req u ired  fo r  
H I V  r e p lic a t io n  c a l le d  r e v e r s e  tr a n sc r ip ta s e  (R T ) , in te g r a s e  ( I N )  a n d  p r o t e a s e  (P R ) . A l s o  
h e ld  w it h in  th e  c o r e  is  H I V 's  g e n e t ic  m a te r ia l,  w h ic h  c o n s i s t s  o f  t w o  id e n t ic a l  s tr a n d s  o f  
R N A .
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F ig u r e  1 .1  S tr u c tu r e  o f  H I V - 1 p a r t ic le  [7 ] .

1.2.2 HIV-1 Replication
T o  p r o d u c e  n e w  v ir a l p a r t ic le s ,  H I V -1  r e p lic a t io n  (F ig u r e  1 .2 )  o c c u r s  b y  th e  f o l lo w in g  
s te p s .

1. Binding and Fusion
H I V  b e g in s  it s  l i f e  c y c l e  w h e n  it b in d s  to  a  C D 4  r e c e p to r  a n d  o n e  o f  t w o  c o 

r e c e p to r s  o n  th e  s u r f a c e  o f  a  C D 4  T - ly m p h o c y t e .  T h e  v ir u s  th e n  f u s e s  w ith  th e  h o s t  c e l l .  
A fte r  f u s io n ,  th e  v ir u s  r e le a s e s  R N A , its  g e n e t ic  m a te r ia l,  in to  th e  h o s t  c e l l .

2. Reverse Transcription
A n  H I V  e n z y m e  c a l le d  r e v e r s e  tr a n sc r ip ta s e  c o n v e r t s  th e  s in g le -  s tr a n d e d  H I V  R N A  

to  d o u b le - s t r a n d e d  H I V  D N A .
3. Integration

T h e  n e w ly  fo r m e d  H I V  D N A  e n te r s  th e  h o s t  c e l l 's  n u c le u s ,  w h e r e  a n  H I V  e n z y m e  

c a l le d  I N  " h id es"  th e  H I V  D N A  w ith in  th e  h o s t  c e l l 's  o w n  D N A .  T h e  in te g r a te d  H I V
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D N A  is  c a l le d  p r o v ir u s . T h e  p r o v ir u s  m a y  r e m a in  in a c t iv e  fo r  s e v e r a l  y e a r s , p r o d u c in g  

f e w  o r  n o  n e w  c o p ie s  o f  H I V .
4. Transcription

W h e n  th e  h o s t  c e l l  r e c e iv e s  a  s ig n a l  to  b e c o m e  a c t iv e ,  th e  p r o v ir u s  u s e s  a  h o s t  

e n z y m e  c a l le d  R N A  p o ly m e r a s e  to  c r e a te  c o p ie s  o f  th e  H I V  g e n o m ic  m a te r ia l,  a s  w e l l  a s  

sh o r te r  s tr a n d s  o f  R N A  c a l le d  m e s s e n g e r  R N A  ( m R N A ) .  T h e  m R N A  is  u s e d  a s  a  

b lu e p r in t  t o  m a k e  lo n g  c h a in s  o f  H I V  p r o te in s .
5. Assembly

A n  H I V  e n z y m e  c a l le d  p r o t e a s e  c u ts  th e  lo n g  c h a in s  o f  H I V  p r o t e in s  in to  s m a lle r  

in d iv id u a l  p r o t e in s .  A s  th e  s m a lle r  H I V  p r o te in s  c o m e  t o g e th e r  w it h  c o p ie s  o f  H IV 's  

R N A  g e n e t ic  m a te r ia l,  a  n e w  v ir u s  p a r t ic le  is  a s s e m b le d .
6. Budding

T h e  n e w ly  a s s e m b le d  v ir u s  p u s h e s  o u t  (b u d s )  fr o m  th e  h o s t  c e l l .  D u r in g  b u d d in g , th e  
n e w  v ir u s  s t e a l s  p a rt o f  th e  c e l l ’s o u te r  e n v e lo p e .  T h is  e n v e lo p e ,  w h ic h  a c ts  a  a  c o v e r in g ,  
i s  s tu d d e d  w i t h  p r o t e in /s u g a r  c o m b in a t io n s  c a l le d  H I V  g ly c o l - p r o t e in s .  T h e s e  H I V  

g ly c o p r o t e in s  a re  n e c e s s a r y  fo r  th e  v ir u s  to  b in d  C D 4  a n d  c o -r e c e p to r s .  T h is  n e w  c o p ie s  

o f  H I V  c a n  n o w  m o v e  o n  to  in f e c t  o th e r  c e l l s .
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F ig u r e  1 .2  H I V -1  r e p lic a t io n  c y c l e  [8 ] ,

1.2.3 HIV-1 Treatment
T h e  g o a l  o f  a n t ir e tr o v ir a l tr e a tm e n t is  to  d e c r e a s e  th e  m o r b id ity  a n d  m o r ta lity  th a t  

i s  g e n e r a l ly  a s s o c ia t e d  w ith  H I V -1  in fe c t io n . C u r r e n tly , 2 1  a n tir e tr o v ir a l d r u g s  [9 ]  
b e lo n g in g  t o  fo u r  c la s s e s  are  a p p r o v e d  b y  th e  U S  F o o d  a n d  D r u g  A d m in is tr a t io n  ( F D A )
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(T a b le  1 .2 ) .  E n fu v ir t id e ,  a  f u s io n  in h ib ito r , ta r g e ts  a  g p 4 1  r e g io n  o f  th e  v ir a l e n v e lo p e  

a n d  s t o p s  th e  f u s io n  p r o c e s s  b e fo r e  th e  c e l l  is  in fe c te d . Its  u s e  is  r e s e r v e d  fo r  tr e a tm e n t o f  

h e a v i ly  d r u g - e x p e r ie n c e d  p a t ie n ts  s in c e  it c a n  h e lp  o v e r c o m e  e x i s t in g  d r u g  r e s is ta n c e  [1 0 ,
1 1 ]. E ig h t  n u c l e o s id e /n u c le o t id e  a n a lo g u e s  a n d  th r e e  n o n - n u c le o s id e  r e v e r s e  tr a n sc r ip ta se  

in h ib ito r s  in h ib it  v ir a l  r e p lic a t io n  a fte r  c e l l  e n tr y  b u t b e f o r e  in te g r a t io n . E ig h t  p r o te a se  

in h ib ito r s  p r e v e n t  th e  m a tu r a t io n  o f  v ir a l r e s u lt in g  in  p r o d u c t io n  o f  n o n - in f e c t io u s  

p a r t ic le s . T h e  r e c e n t ly  a p p r o v e d  d a r u n a v ir  (J u n e , 2 0 0 6 )  is  th e  f ir s t  o f  i t s  c la s s  th a t r e ta in s  
a c t iv it y  a g a in s t  v ir u s e s  w it h  r e d u c e d  s u s c e p t ib i l i t y  to  p r o t e a s e  in h ib ito r s .

I n it ia l ly ,  t r e a tm e n t  fo r  in fe c te d  in d iv id u a ls  c o n s i s t e d  o f  a  s in g le  in h ib ito r  c la s s ,  
m o n o - th e r a p y . T h is  h a d  a  m o d e s t  im p a c t  o n  p la s m a  E tIV -1  R N A  l e v e l s ,  b u t  o w in g  to  th e  

ra p id  e m e r g e n c e  o f  d r u g -r e s is ta n t  v ir u s  s tr a in s  a n d  th e  in e v i t a b le  d e v e lo p m e n t  o f  s e r io u s  

im m u n o d e f ic ie n c y ,  m o n o - th e r a p y  h a s  b e c o m e  o b s o le t e  [1 2 ,  1 3 ]. C o n s e q u e n t ly ,  
c o m b in a t io n  th e r a p y  w h ic h  c o n s i s t s  o f  th r e e  o r  m o r e  d r u g s  fr o m  t w o  o r  m o r e  d if fe r e n t  

in h ib ito r  c la s s e s  te r m e d  h ig h ly  a c t iv e  a n tir e tr o v ir a l t r e a tm e n t  ( H A A R T )  w a s  p u t  in to  u se . 
A s  a  r e s u lt ,  a  d r a s t ic  d e c r e a s e  in  p a t ie n t  m o r ta l ity  h a s  b e e n  o b s e r v e d  [ 1 4 ] ,  D e s p i t e  a  

d r a m a tic  in c r e a s e  in  p a t ie n t  l i f e s p a n  u n d e r  H A A R T  a n d  s u c c e s s f u l  s u p p r e s s io n  o f  H IV -1  

R N A  p la s m a  l e v e l s  fo r  a  p r o lo n g e d  p e r io d  o f  t im e , th e  n e w s  h a s  n o t  b e e n  a ll g o o d .  
S t u d ie s  h a v e  s h o w n  th a t  r e p l ic a t io n - c o m p e t e n t  v ir u s e s  c a n  b e  i s o la t e d  fr o m  p e r ip h e r a l  
b lo o d  m o n o n u c le a r  c e l l s  a n d  s e m e n  fr o m  in fe c te d  p a t ie n ts  w h o  h a v e  m a in ta in e d  

n e g l ig ib le  p la s m a  H I V  R N A  l e v e l s  fo r  u p  t o  t w o  y e a r s . T h is  m e a n s  th a t th e  v ira l 
r e p lic a t io n  i s  in c o m p le t e ly  s u p p r e s s e d  u s in g  H A A R T  [1 5 , 1 6 ] , O th e r  c h a l le n g e s  fa c in g  

th e  H A A R T  in c lu d e  d r u g  r e s is ta n c e ,  p a t ie n t  a d h e r e n c e , a n d  t o x ic i t y  [ 1 7 ] ,  D r u g  r e s is ta n c e  

is  a  c o n s e q u e n c e  o f  in c o m p le t e  s u p p r e s s io n  o f  v ir a l  r e p lic a t io n . T h e  h ig h  m u ta t io n  ra te  o f  

H I V  c a u s e s  m u t a t io n s  to  a c c u m u la te ,  le a d in g  to  d im in is h e d  d r u g  e f f i c a c y  a n d  g r a d u a lly  

r e n d e r in g  e a c h  c o m p o n e n t  o f  th e  r e g im e n  in a c t iv e  [ 1 8 ] ,  T o x i c i t y  is  a n o th e r  m a jo r  

c o n c e r n  in  th e  a d m in is tr a t io n  o f  H A A R T  a n d  is  y e t  o n e  o f  th e  fa c to r s  th a t in f lu e n c e  

a d h e r e n c e  a n d  th e r e b y  d r u g  r e s is ta n c e .  G iv e n  th e s e  s e r io u s  l im it a t io n s ,  th e  o n g o in g  
se a r c h  fo r  n e w , m ild e r , a n d  m o r e  v a r ie d  c l in ic a l  tr ia ls  ta r g e t  a lm o s t  a ll o f  th e  s te p s  in  th e  
v ir a l r e p lic a t io n  c y c l e  in c lu d in g  v ir u s  a d s o r p t io n  ( g p l 2 0 ) ,  v ir a l  c o - r e c e p t o r s  (C C R 5  a n d  
C X C R 4 ) ,  v ir a l  f u s io n  ( g p 4 1 ) ,  n u c le o c a p s id  p r o te in  ( N C P 7 ) ,  tr a n s c r ip t io n  fa c to r , a n d  IN .



Table 1.2 Antiretroviral drugs currently approved by FDA [9].

E n tr y R e v e r s e  tr a n s c r ip ta s e P r o te a s e

S in g le
c o m p o u n d

ta b le t s

N u c le o s i d e N o n - n u c l e o s i d e N u c le o t i d e
E n fu v ir t id e A b a c a v ir D e la v ir id in e T e n o f o n ir A m p r e n a v ir

D id a n o s in e E f a v ir e n z A t a z a n a v ir
E m t r ic ita b in e N e v ir a p in e D a r u n a v ir
L a m iv u d in e N e l f m a v ir
S t a v u d in e R itr o n a v ir
Z a lc i t a b in e S a q u in a v ir
Z id o v u d in e T r ip a n a v ir

F ix e d - d o s e
c o m b in a t io n

ta b le t s

A b a c a v ir / la m iv u d in e  ( E p z ic o m ) L o p in a v ir /r i to n a v ir
Z id o v u d in e / la m iv u d in e
( C o m b iv ir )
T e n o f o v ir /e m t r ic i t a b in e
(T r u v a d a )
A b a c a v ir / la m iv u d in e /z id o v u d in e
(T r iz a v ir )
T e n o f o v ir /e m t r ic i t a b in e /e f a v ir e n z
(A tr ip la )
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1.3 HIV-1 Integrase (IN)
T h e  p o l  g e n e  o f  H I V -1  e n c o d e s  th r e e  e s s e n t ia l  e n z y m e s ,  R T , P R , a n d  I N  (F ig u r e

1 .3 ) . T h e s e  th r e e  e n z y m e s  are  e s s e n t ia l  fo r  v ir a l r e p lic a t io n  ( s e e  1 .2 .2  H I V -1  R e p lic a t io n )  

a n d  c a n  b e  e x p lo i t e d  fo r  th e  d e v e lo p m e n t  o f  a n tiv ir a l c h e m o th e r a p e u t ic  a g e n t s  [1 9 ] .  T h e  

d is c o v e r y  a n d  d e v e lo p m e n t  o f  c l in i c a l ly  u s e f u l  in h ib ito r s  o f  R T  a n d  P R  fo r  th e  tr e a tm e n t  
o f  A I D S  h a v e  s u g g e s t e d  th a t  th e  th e r a p e u t ic  m e t h o d o lo g y  a im e d  a t ta r g e t in g  k e y  v ir a l  
e n z y m e  is  v ia b le  a p p r o a c h  in  a n tiv ir a l c h e m o th e r a p y . W h ile  R T  a n d  P R  e n z y m e s  h a v e  

r e c e iv e d  e x t e n s iv e  a t te n t io n , I N  h a s  r e c e iv e d  m u c h  l e s s  c o n s id e r a t io n . T h e  fu n c t io n  o f  

H I V -1  I N  is  t o  c a t a ly z e  th e  in s e r t io n  o f  n e w ly  r e v e r s e  tr a n sc r ib e d  d o u b le  stra n d  v ir a l 
D N A  in to  h o s t  D N A  w h e r e  it c a n  b e  r e p lic a te d  u s in g  h o s t  m a c h in e r y . In t h is  th e s is ,  
s p e c ia l  a t te n t io n  is  g iv e n  t o  H I V -1  IN .

Pol
I------------------------------- 1

■ !m------------------------------------- ....................... .

ฯะรqjo 3,000 4,000 5,000 6,000 7,000^0,08
' ‘ •ร ^ ร *

HfV DNA 
Base pars

I ! m m m i 'บ3 R— U5 LTR

ร’- ^ : : . TCWA AGOG c TAATSTTACTCCC1........................^AGTGTGGASAJUHTCTC tag ça * 8T
TXTAÇ CTTC e CGAWMa T t.3A■.ไ .30.................... GTCÂCAC CTTTrrftGAGArCGT - CA- ร'
- p - att at

PR p5 lR’r F15 I S iS i Pol potÿprotejn

F ig u r e  1 .3  H I V  p r o v ir u s  g e n e  s tru c tu re  a n d  I N  d o m a in s  [ 2 0 ] .

1.3.1 HIV-1 IN structure
H I V -1  I N  c o n t a in s  2 8 8  r e s id u e s  a n d  c a n  b e  d iv id e d  in to  th r e e  fu n c t io n a l  d o m a in s ,  

N - t e r m in u s ,  c a t a ly t ic  c o r e ,  a n d  C -te r m in u s , F ig u r e  1 .4 . S tr u c tu r e s  o f  in d iv id u a l  d o m a in  
a n d  th e  t w o  fr a g m e n ts  d o m a in  ( N  p lu s  c o r e  a n d  c o r e  p lu s  C )  h a v e  b e e n  s o lv e d  b y  n u c le a r
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m a g n e t ic  r e s o n a n c e  ( N M R )  s p e c t r o s c o p y  a n d /o r  X -r a y  c r y s ta l lo g r a p h y  [ 2 1 - 2 6 ] .  
H o w e v e r ,  th e  c o m p le t e  s tr u c tu r e  c o n t a in in g  a ll  th r e e  d o m a in s  is  e x p e r im e n ta l ly  

u n a v a i la b le  b e c a u s e  o f  l o w  s o lu b i l i t y  a n d  th e  t e n d e n c y  o f  th e  e n z y m e  to  a g g r e g a te .  T h e  

a c t iv e  fo r m  o f  H I V -1  I N  i s  s t i l l  u n c le a r . T h e  p u r if ie d  I N  fr o m  a  v a r ie ty  o f  r e tr o v ir u se s  

c a n  b e  p r e s e n te d  in  d im e r ic ,  te tr a m e r ic , o r  o l ig o m e r ic  fo r m  in  s o lu t io n .  D e s p i t e  th e  

c o n f u s io n  o v e r  th e  d e g r e e  o f  m u lt im e r iz a t io n , m o r e  r e c e n t  s tu d ie s  in d ic a te  th a t a  te tr a m e r  

(a  d im e r  o f  d im e r s )  is  p r o b a b ly  re q u ir e d  fo r  th e  fu ll  in te g r a t io n  r e a c t io n , w ith  t w o  o f  th e  

a c t iv e  s i t e s  b o u n d  to  D N A  a n d  th e  o th e r  t w o  s e r v in g  a s  s tru c tu ra l s u p p o r t  [ 2 7 ] ,

1.3.1.1 N-terminal domain
T h e  N - t e r m in a l  d o m a in  w h ic h  c o m p r is e s  r e s id u e s  1 -5 0  is  c h a r a c te r iz e d  b y  a  

c o n s e r v e d  H H C C  z in c  b in d in g  m o t i f  [ 2 6 ] .  T h e  s o lu t io n  s tr u c tu r e  o f  t h is  d o m a in  h a s  b e e n  

s o lv e d  b y  N M R  [ 2 8 ] ,  a n d  its  fu n c t io n  is  to  in te r a c t w ith  th e  s p e c i f i c  n u c le o t id e  s e q u e n c e s  
at th e  te r m in i o f  th e  v ir a l  D N A  [2 9 ] .

1.3.1.2 Catalytic core domain
C a ta ly t ic  c o r e  d o m a in  e n c o m p a s s e s  r e s id u e s  5 0 - 2 1 2  a n d  c o n t a in s  a  h ig h ly  

c o n s e r v e d  D D E  ( D 6 4 ,  D 1 1 6  a n d  E 1 5 2 )  m o t i f  w h ic h  is  a ls o  fo u n d  in  o th e r  r e tr o v ira l IN  

a n d  b a c te r ia l  t r a n s p o s a s e s .  M u ta t io n  o f  a n y  o f  t h e s e  th r e e  a c id ic  r e s id u e s  a b o l is h e s  I N ’s 

e n z y m a t ic  a c t iv i t i e s  a n d  v ir a l  r e p lic a t io n . T h e  D 6 4  a n d  D 1 1 6  r e s id u e s  fo r m  a  

c o o r d in a t io n  c o m p l e x  w it h  a  d iv a le n t  m e ta l  ( M g 2+ o r  M n 2+). B e c a u s e  a  s e c o n d  m e ta l  h a s  

b e e n  o b s e r v e d  in  an  A S V  I N  c r y s ta l  s tr u c tu r e  [ 3 0 ,  3 1 ] ,  a n d  b e c a u s e  o f  th e  tw o -m e ta l  

s tr u c tu r e  fo r  p o ly n u c le o t id e  tr a n s fe r a se s  [ 3 2 ,  3 3 ] ,  it h a s  b e e n  p r o p o s e d  th a t a  s e c o n d  

m e ta l ( M g 2+ or  M n 2+)  s h o u ld  b e  lo c a te d  b e t w e e n  D 1 1 6  a n d  E 1 5 2  o n c e  H I V -1  IN  b in d s  

its  D N A  s u b s tr a te ( s )  [3 4 ,  3 5 ] ,  T h e  m o n o m e r ic  s tr u c tu r e  o f  c a t a ly t ic  c o r e  d o m a in  c o n ta in s  

5 P - s h e e t s  f la n k e d  b y  a - h e l i c e s .  In  m o s t  s tr u c tu r e s , th e  c a ta ly t ic  c o r e  d o m a in  c o n t a in s  a  

sh o r t  d is o r d e r e d  lo o p  ( e n c o m p a s s in g  r e s id u e s  1 4 0 - 1 4 9 ) ,  th e  s tr u c tu r e  o f  w h ic h  c a n  b e  
s ta b i l iz e d  b y  D N A .
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1.3.1.3 C-terminal domain
T h e  C -te r m in a l  d o m a in  in c lu d in g  r e s id u e s  2 1 3 - 2 8 8  e x h ib i t s  s o m e  s im ila r ity  to  S rc  

h o m o lo g y  d o m a in s  ( S H 3 ) .  T h is  d o m a in  is  in v o lv e d  in  n o n s p e c i f i c  D N A  r e c o g n it io n  a n d  
m a y  a ls o  f u n c t io n  a s  a  m u lt im e r iz a t io n  d o m a in  [3 6 ] .

F ig u r e  1 .4  H I V -1  I N  str u c tu r e  [3 7 ] .

A l t h o u g h  th e  c a ta ly t ic  c o r e  d o m a in  c o n t a in s  th e  e n z y m e  c a ta ly t ic  s i t e ( s ) ,  in  th e  

a b s e n c e  o f  N  a n d  th e  c te r m in a l d o m a in s ,  it c a n  o n ly  c a t a ly z e  th e  d is in te g r a t io n  r e a c t io n ,  
th e  r e v e r s e  o f  th e  s tr a n d -tr a n sfe r  ( S T )  r e a c t io n  in vitro  [ 3 8 ] ,  T o  c a t a ly z e  b o th  3 '-  

p r o c e s s in g  a n d  S T , th e  f u l l - l e n g t h  p r o te in  is  r e q u ir e d .

1.3.1.4 The Catalytic core domain complexed with inhibitor
In a d d it io n  to  th e  a p o  p r o te in , th e  s tru c tu re  o f  th e  c a ta ly t ic  c o r e  d o m a in  o f  H IV -1  

I N  b o u n d  to  a n  in h ib ito r  l - ( 5 - c h lo r o in d o le - 3 - y l ) - 3 - h y d r o x y - 3 ( 2 H - t e t r a z o l - 5 - y l ) -  

p r o p e n o n e  (5 C I T E P )  w a s  s o lv e d  b y  th e  X -r a y  c r y s ta l lo g r a p h y  (p d b  c o d e :  1 Q S 4 , F ig u r e
1 .5 )  [3 9 ] .  In  th e  c r y s ta l  s tr u c tu r e , 5 C I T E P  is  lo c a t e d  in  th e  c e n te r  o f  a c t iv e  s it e  a n d  la id
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b e t w e e n  A s p 6 4 ,  A s p l l ô  a n d  G l u l 5 2 .  T h e  k e t o - e n o l  m o ie t y  o f  5 C I T E P  fo r m s  h y d r o g e n  

b o n d  w i t h  G lu  1 5 2  w h i l e  a ll  fo u r  n itr o g e n  a to m s  o f  t e t r a z o le  r in g  fo r m  h y d r o g e n  b o n d s  

w ith  A s n l 5 5 ,  T h r 6 6 , L y s l 5 9  a n d  L y s l 5 6 .  M o r e o v e r ,  th e  n it r o g e n  a to m  o f  in d o le  r in g  is  

h y d r o g e n  b o n d e d  t o  G in  1 4 8 . T h e  s o lu t io n  o f  th e  c o - c r y s t a l  s tr u c tu r e  h a s  b e e n  u s e d  fo r  th e  

s tu d y  o f  H I V -1  I N - l ig a n d  in te r a c t io n s .

F ig u r e  1 .5  (a )  X - r a y  c o - c r y s t a l  o f  H I V -1  I N -5 C I T E P  a n d  (b )  s c h e m a t ic  d r a w in g  o f  

h y d r o g e n  b o n d s  ( e s t im a t e d  b y  h e a v y  a to m  d is t a n c e s )  b e t w e e n  5 C I T E P  a n d  s u r r o u n d in g  
a m in o  a c id s  [ 3 9 ] .

1.3.2 HIV-1 IN mechanism and the possible drug targets
B a s ic a l ly ,  th e  p r o c e s s  o f  r e tr o v ira l in te g r a t io n  h a s  b e e n  d e s c r ib e d  a s  t w o  w e l l -  

c h a r a c te r iz e d  c a t a ly t ic  s t e p s  r e fe r r e d  to  3 ’- p r o c e s s in g  ( th e  r e m o v a l  o f  t w o  te r m in a l  
n u c le o t id e s  fr o m  th e  3 ’- e n d s  o f  th e  v ir a l d o u b le -s tr a n d e d  D N A )  a n d  S T  ( tr a n sfe r  o f  v ir a l  
D N A  to  th e  h u m a n  c h r o m o s o m a l  D N A )  [4 0 ] ,  H o w e v e r  b a s e d  o n  th e  p o s s ib le  d ru g  
ta r g e ts , it m a y  b e  b e t te r  d e s c r ib e d  a s  fo u r  u n iq u e  p r o c e s s e s  ( s e e  F ig u r e  1 .6 )  th a t c a n  b e  
ta r g e te d  a n d  p o t e n t ia l ly  in h ib it e d . T h e s e  fo u r  p r o c e s s e s  in c lu d e  1) a s s e m b ly  o f  a  s ta b le
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c o m p le x  b e t w e e n  I N  a n d  s p e c i f i c  v ir a l D N A  s e q u e n c e s  a t th e  e n d  o f  th e  H I V -1  lo n g  

te r m in a l r e p e a t  r e g io n s  ( L T R s ) ,  2 )  3 ’- p r o c e s s in g ,  3 )  s tra n d  tr a n sfe r , a n d  4 )  D N A  g a p  

rep a ir  a n d  l ig a t io n  [4 1 ] .

1.3.2.1 Binding of IN to viral DNA
A f te r  th e  v ir a l  R T  e n z y m e  c r e a te s  a  d o u b le -s tr a n d e d  D N A  p r o d u c t , I N  th e n  

a s s e m b le s  a t th e  e n d s  o f  th e  v ir a l D N A ,  b in d in g  to  th e  H I V -1  L T R  r e g io n . T h e  v ir a l L T R  
e n d s  c o n t a in  s p e c i f i c  D N A  s e q u e n c e s  th a t a re  r e q u ir e d  fo r  r e c o g n it io n  b y  I N  r e s u lt in g  in  

a s ta b le  v ir a l  D N A - I N  b in d in g  c o m p le x  [2 0 ] ,  T h is  is  a  c r u c ia l  in it ia l  s te p  in  th e  

in te g r a t io n  p r o c e s s  (F ig u r e  1 .6 ) .  O n e  c la s s  o f  I N  in h ib ito r s  in  p r e c l in ic a l  d e v e lo p m e n t  is  

th e  p y r a n o - d ip y r im id in e s .  T h e s e  c o m p o u n d s  h a v e  b e e n  s h o w n  in vitro  to  p r e v e n t  v ir a l  
D N A  b in d in g  t o  I N , th u s  p r e v e n t in g  p r o p e r  a s s e m b ly  o f  v ir a l D N A  ( s te p  1) an d  

c o n s e q u e n t ly  a n y  fu r th e r  s t e p s  o f  in te g r a t io n  ( s e e  F ig u r e  1 .6 ) .

1.3.2.2 First catalytic step: 3’- processing
D u r in g  th e  3 ’- p r o c e s s in g  r e a c t io n , I N  r e m o v e s  t w o  n u c le o t id e s  fr o m  e a c h  v ir a l  

c D N A  e n d  a d ja c e n t  to  a  c o n s e r v e d  3 '-C A  s e q u e n c e .  T h is  le a d s  to  th e  fo r m a t io n  o f  a  n e w  
r e c e s s e d  3 '- C A - O H  e n d . T h is  r e a c t io n  o c c u r s  in  th e  c y t o p la s m , w i t h in  a  la r g e  v ir a l  
n u c le o p r o te in  c o m p l e x ,  th e  p r e in te g r a t io n  c o m p le x  (P I C ). T h e  P IC  c o n t a in s  lin e a r  v ir a l  
D N A  a n d  s e v e r a l  v ir a l  p r o t e in s  in c lu d in g  m a tr ix , R T , IN , a n d  n u c le o c a p s id  ( s e e  F ig u r e
1 .6 )  [ 4 0 ] .  S t y r y lq u in o l in e s ,  o n e  c la s s  o f  I N  in h ib ito r s  in  p r e c l in ic a l  d e v e lo p m e n t ,  h a v e  

b e e n  d e s c r ib e d  a s  p o te n t  in vitro  3 ’- p r o c e s s in g  in h ib ito r s  b y  d ir e c t ly  c o m p e t in g  fo r  H I V  

L T R  s u b s tr a te s  [4 2 ] .

1.3.2.3 Second catalytic step: strand transfer
A fte r  th e  P IC  is  tr a n sp o r te d  fr o m  c y to p la s m  th r o u g h  th e  n u c le a r  p o r e  in to  th e  

c e l l ’s  n u c le u s ,  th e  t w o  n e w ly  p r o c e s s e d  3 ’-v ir a l  D N A  e n d s  a re  in s e r te d  in to  o p p o s i t e  
s tr a n d s  a c r o s s  a  f i v e  b a s e  p a ir  s tr e tc h  o f  h o s t  ta r g e t  D N A .  T h is  j o i n i n g  r e a c t io n  in c lu d e s  a  
c o u p le d  f i v e  b a s e  p a ir  s ta g g e r e d  c l e a v a g e  o f  th e  ta r g e t  D N A  a n d  th e  l ig a t io n  o f  th e  

p r o c e s s e d  C A - 3 '- O H  v ir a l  D N A  e n d s  to  th e  5 ' - 0 - p h o s p h a t e  e n d s  o f  th e  ta r g e t  D N A . p - 
d ik e to  a c id s  ( D K A s )  a n d  th e ir  D K A  d e r iv a t iv e s  a re  e x a m p le s  o f  S T  in h ib ito r s  th a t h a v e
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b e e n  s h o w n  in vitro  a n d  in vivo  to  e f f e c t i v e ly  s to p  th is  p r o c e s s  [ 3 4 ,  4 3 ] .  O x a d ia z o le s  are  

a n o th e r  c la s s  o f  I N  in h ib ito r s  in  e a r ly  d e v e lo p m e n t  th a t  a re  d e s c r ib e d  a s  n u c le a r  im p o r t  

in h ib ito r s  [ 4 4 ] ,  T h e s e  c o m p o u n d s  h a v e  b e e n  s h o w n  in vitro  to  in d ir e c t ly  p r e v e n t  th e  

s e c o n d  c a t a ly t ic  s te p  o f  in te g r a t io n  b y  ta r g e t in g  a n d  p r e v e n t in g  th e  n u c le a r  t r a n s lo c a t io n  

o f  th e  H I V -1  P IC .

1.3.2.4 Gap repair and ligation of viral DNA to host DNA
T h e  p r o d u c t  o f  S T  s te p  is  a  g a p p e d  in te r m e d ia te  p r o d u c t  in  w h ic h  th e  5 '- 

p h o s p h a te  e n d s  o f  th e  v ir a l D N A  a re  n o t  a t ta c h e d  to  th e  3 '-O H  e n d s  o f  th e  h o s t  D N A .  
T h e  in te g r a t io n  r e a c t io n  is  c o m p le te d  b y  th e  r e m o v a l  o f  th e  t w o  u n p a ir e d  n u c le o t id e s  at 
th e  5 ’e n d  o f  th e  v ir a l  D N A  a n d  th e  r ep a ir  o f  th e  s in g le - s t r a n d e d  g a p s  c r e a te d  b e t w e e n  th e  

v ir a l a n d  ta r g e t  D N A  [4 0 ,  4 5 ] .  A lt h o u g h  I N  m a y  b e  in v o lv e d  in  t h e s e  r e p a ir  r e a c t io n s ,  it  

is  n o t  n e c e s s a r y  b e c a u s e  th e  h o s t  c e l l  a lr e a d y  h a s  th e  m a c h in e r y  t o  c a rry  o u t  s u c h  

p r o c e s s e s  s o  r e p a ir  is  p r o b a b ly  a c c o m p lis h e d  b y  h o s t  c e l l  D N A  r e p a ir  e n z y m e s  [3 8 ,  4 5 ] .  
S ta g g e r e d  s tra n d  tr a n sfe r  a n d  g a p  r ep a ir  r e s u lt  in  th e  d u p l ic a t io n  o f  h o s t  c e l l  s e q u e n c e s  

im m e d ia t e ly  f la n k in g  th e  in s e r te d  p r o -v ir a l  D N A  [ 4 0 ] ,  H o s t  c e l lu la r  D N A  rep a ir  p r o te in s  

h a v e  a ls o  b e e n  m e n t io n e d  a s  p o s s ib l e  a ttr a c t iv e  ta r g e ts  fo r  a n t i-H I V -1  th e r a p e u t ic s . F o r  

th e  in te g r a t io n  r e a c t io n , n o  s o u r c e  o f  e n e r g y  ( e .g . ,  n o  a d e n o s in e  tr i -p h o s p h a te  [A T P ] )  is  

n e e d e d  a n d  o n ly  d iv a le n t  c a t io n s  s u c h  a s  M n 2+ o r  M g 2+ a re  r e q u ir e d  fo r  th e  c a ta ly t ic  

a c t iv it y  [3 4 ,  3 5 ] .
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STI binds to PIC

®  PIC enters the nucleus through a
CD4+ T cell cytoplasm nudcarp0reLTRs

C .fl-3 < )H

Integration

Gap repair

Step 1. Integrase binds to Viral DNA
IN DNA binding inhibitors 
PDPs (V165 , Pre-drnical) Step 2. 3* processing3’ processing inhibitors SQLs: FZ41 (Pne Clinical) 

Bifunctional DKA (DKA2)

Nuclear TranslocationNuclear translocation inhibitors 
ITI-367 (Pre Clinical)SQLs: FZ41 (Pre Clinical)

N u c le u s

Step 3. Strand Transfer
Strand Transfer Inhibitors (STIs) WK-0518 (Clinical Phase 3) 

GS-9137 (Clinical Phase 2) Bifunctional DKA (Pre clinical)

2-LTRs forms are Increased เท the 
presence of STIs

Step 4. Gap Repair
DNA gap repair inhibitors 

Caffeine Related Methylxanthine (Pre Clinical)

F ig u r e  1 .6  H I V -1  in te g r a t io n  p r o c e s s  a n d  p o te n t ia l  d r u g  ta r g e ts  fo r  in h ib it io n .

1.3.3 Progress of HIV-1 IN inhibitors design
T h e  f ir s t  I N  in h ib ito r s  w e r e  re p o r te d  a p p r o x im a te ly  10  y e a r s  a g o  [4 6 ,  4 7 ] .  T h e  

d e v e lo p in g  o f  p o te n t  a n d  e f f e c t i v e  in h ib ito r s  o f  H I V -1  I N  h a s  b e e n  h a m p e r e d  b y  th e  
c o m p le x  n a tu r e  o f  in te g r a t io n  p r o c e s s  a n d  o f t e n  c o n f o u n d e d  b y  n o n  c o n c o r d a n c e  b e tw e e n  

in  v itr o  b io c h e m ic a l  a n d  a n tir e tr o v ir a l a c t iv ity .  M o r e o v e r ,  th e  w i d e  s h a l lo w  a c t iv e  s it e  o f  

IN  a n d  th e  u n c le a r  th r e e  d im e n s io n a l  o r g a n iz a t io n  o f  i t s  d o m a in  in  v iv o  p r e s e n t  

r e d o u b ta b le  c h a l l e n g e s  t o  th e  d e s ig n  o f  d r u g s  a g a in s t  th is  e n z y m e .  H o w e v e r ,  a fte r  a  
d e c a d e  o f  r e s e a r c h , m u c h  p r o g r e s s  h a s  b e e n  m a d e  a n d  le a d  c a n d id a te s  a re  b e g in n in g  to  

e n te r  p r e c l in ic a l  a n d  c l in ic a l  tr ia ls  w ith  p r o m is in g  o u t c o m e s  ( s e e  T a b le  1 .3 ) . T h e s e  

d e v e lo p m e n t s  s u g g e s t  th a t  IN  in h ib ito r s  w i l l  b e  im p o r ta n t  p a rt o f  fu tu re  c o m b in a t io n  

th e r a p ie s .
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N u m e r o u s  c o m p o u n d s  h a v e  b e e n  d e s ig n e d ,  s y n t h e s iz e d  a n d  e v a lu a te d  fo r  a n ti IN  

a c t iv ity .  A m o n g  a ll o f  th e  re p o r te d  H IV -1  IN  in h ib ito r s , th e  m o s t  p r o m is in g  c a n d id a te s  

are th e  D K A  d e r iv a t iv e s .  T h e s e  c a n  b e  su p p o r te d  b y  th e  e x i s t in g  o f  s e v e r a l  D K A  
c o m p o u n d s  in  c l in ic a l  tr ia ls  (T a b le  1 .3 , F ig u r e  1 .7 ) . D K A s  s e l e c t i v e ly  in h ib it  th e  S T  

r e a c t io n  o f  IN  a n d  e x h ib it  a n tiv ir a l a c t iv ity  a g a in s t  H IV -1  in fe c te d  c e l l s  in  a  m a n n e r  

c o n s i s t e n t  w ith  in h ib it io n  o f  in te g r a t io n . T h e  m e c h a n is m  o f  a c t io n  o f  th e  D K A  c o m p o u n d  

h a s  b e e n  p r o p o s e d  to  in te r a c t w ith  th e  d iv a le n t  c a ta ly t ic  m e ta l  io n  w h ic h  is  r eq u ired  fo r  
th e  b in d in g  o f  D K A  to  H I V -1  IN .

T a b le  1 .3  H I V -1  IN  in h ib ito r s :  P h a s e  o f  p r e c l in ic a l  a n d  c l in ic a l  d e v e lo p m e n t .

Phase o f  
developm ent

IN inhibitors Com pound specifics and m echanism  
o f  action

L -second generation com pounds, M erck [48] D iketo acid (D K A ) derivative: 
Naphthyridine Carbox amide. 
Potent ST inhibitor, good safety 
profile

Carbazole derivative NIID, Japan 
7 com pounds (CA-1 to C A -8) [49]

Carbazole D erivatives  
ST inhibitor, cytotoxic

L 870 ,810 , derivative o f  ร -1360 
G laxo Sm ithK line (G SK ) [50]

D K A
Potent ST inhibitor, ( S - l 360 2 trial 
stopped in 2005)

Preclinical Styrylquinoline derivatives, e.g., FZ41, 
B ioalliance Pharma [42, 51, 52]

Styrylquinolines.
3 ’- processing inhibitor 
selective resistance profile

Pyrano-dypirim inidines, e.g., V -165  
R ega Institute, Belgium  [53].

Pyrano-dipyrim idines 
IN -D K A  binding inhibitor. V -165 is 
the m ost potent o f  group. Prevents 
IN-Viral cD N A  assem bly, so 3 ’- 
processing never takes place. 
Selective resistance profile
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Preclinical

M ycelium  integrasone, Fungal polyketide, 
M erck [54, 55]
Indolicidin, NIH  [56]

Fungal Polyketide-Integrasone: ST 
inhibitors
Antim icrobial Peptide: Indolicidine 
ST inhibitor and 3 ’-processing  
inhibitor. Natural peptide 
Dim eric & tetrameric analogues are 
more potent.

T heophylline, caffeine-related  
m ethylxanthine, Thomas Jefferson 
University, Philadelphia [57]

Caffeine-related m ethylxanthines 
H ost cell D N A  repair protein 
inhibitors: inhibiting the last step o f  
integration performed by D N A  repair 
enzym es
Post-strand transfer inhibitor

ITI-367, O xadiazol G W U  [44] N uclear import inhibitor (new  class) 
HIV-1 PIC nuclear import inhibitor 1 
indirectly prevents ST since PIC 
translocation never takes place

Phase 2 G S -9137  (form erly JTK -303), G ilead [58] D ihydroquinoline carboxylic acid
Potent ST inhibitor
Prom ising Phase 1 safety, tolerability
and clinical data
Phase 2 trials with G S-9137 now
enrolling

Phase 3 L -900, 612, N o w  called M K -0518  
D erivative o f  L870, 810, M erck [43]

Naphthyridine Carboxamide 
D erivative M K -0518 is featured 
com pound.
Potent ST inhibitor 
Prom ising phase 1 & 2 safety, 
tolerability and clinical data 
Phase 3 trials with M K -0518 now  
enrolling
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F ig u r e  1 .7  C h e m ic a l  s tr u c tu r e s  o f  H I V -1  IN  in h ib ito r s .

N a p h th y r id in e  C a r b o x a m id e s

V 1 6 5



19

1.3.4 Outlook and Future Challenges of HIV-1 IN
T o  d a te , th e  b e s t  IN  in h ib ito r  c o m p o u n d s  s u ite d  fo r  c l in ic a l  e v a lu a t io n  and  

d e v e lo p m e n t  a re  th e  D K A s  a n d  th e ir  d e r iv a t iv e s  s u c h  a s  th e  n a p h th y r id in e  c o m p o u n d s  

( e .g . ,  M K - 0 5 1 8 )  a n d  th e  d ih y d r o q u in o lin e  c a r b o x y l ic  a c id  c o m p o u n d s  ( G S - 9 1 3 7 ) .  T h e  
t w o  le a d  S T  in h ib ito r s , M K - 0 5 1 8  a n d  G S - 9 1 3 7 ,  are c u r r e n t ly  in  c l in ic a l  tr ia ls  in  h u m a n  

v o lu n te e r s .  T h e  p y r a n o -d ip y r im id in e s  (I N  b in d in g  in h ib ito r )  a re  th e  s e c o n d  g r o u p  o f  IN  

in h ib ito r s  s u ite d  fo r  c l in ic a l  e v a lu a t io n  a n d  d e v e lo p m e n t .  O th e r  p r o m is in g  p r e c l in ic a l  

c la s s e s  o f  c o m p o u n d s  a re  th e  s t y r y lq u in o l in e s  th a t a re  3 ’- p r o c e s s in g  in h ib ito r s  w h e r e a s  

IN  n u c le a r  im p o r t  in h ib ito r s  a n d  th e  b ifu n c t io n a l  D K A s  th a t  a re  d e s c r ib e d  a s  b o th  3 ’- 

p r o c e s s in g  in h ib ito r s  a n d  S T  in h ib ito r s . T h e  s p e c i f i c i t y  a n d  p r e c is e  m e c h a n is m  o f  a c t io n  

o f  IN  d u r in g  H I V  r e p lic a t io n  c o u ld  m a k e  I N  in h ib ito r s  a  v e r y  u n iq u e  a n d  p o te n t  n e w  

c la s s  o f  a n tir e tr o v ir a l a g e n ts .

1.4 Research Inspiration
T h r e e  e s s e n t ia l  e n z y m e s ,  R T , P R  a n d  IN , a re  r e q u ir e d  fo r  H I V  r e p lic a t io n . T h e  

d e v e lo p m e n t  o f  e f f e c t i v e  d r u g s  ta r g e t in g  R T  a n d  P R  h a s  d e m o n s tr a te d  p o te n t ia l  
e f f e c t iv e n e s s  o f  a n tiv ir a l  th e r a p y  fo r  th e  tr e a tm e n t  o f  A I D S .  C u r r e n tly , c o m b in a t io n  

th e r a p y  o r  h ig h ly  a c t iv e  a n tir e tr o v ir a l tr e a tm e n t ( H A A R T ) ,  c o m p r is in g  a t le a s t  t w o  an ti  
H I V  d r u g s , h a s  b e c o m e  th e  sta n d a rd  tr e a tm e n t  o f  A I D S  o r  H I V  in fe c te d  p a t ie n ts .  
A lth o u g h  H A A R T  d r a s t ic a l ly  d e c r e a s e s  v ir a l sp r e a d  a n d  p r o v id e s  a  s ig n if ic a n t  
im p r o v e m e n t  in  th e  l i f e  e x p e c t a n c y  o f  H I V /A I D S  p a t ie n ts ,  th e  ra p id  e m e r g e n c e  and  
sp r e a d  o f  d r u g  r e s is ta n t  H I V -1  s tr a in s  a n d  s e r io u s  lo n g  te r m  t o x ic  e f f e c t s  o f  a v a i la b le  anti 
re tr o v ira l d r u g s  h a s  g e n e r a te d  d e m a n d  fo r  th e  d e s ig n  o f  n e w  d r u g s  w ith  n o v e l
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m e c h a n is m s  o f  a c t io n ,  ta r g e t in g  c r it ic a l s t e p s  in  th e  r e tr o v ira l r e p lic a t io n  p r o c e s s e s .  IN  

w h ic h  p la y s  a  c r u c ia l  r o le  in  th e  v ir a l r e p lic a t io n  b y  c a t a ly z in g  th e  in c o r p o r a t io n  o f  th e  

r e v e r se  tr a n sc r ib e d  v ir a l D N A  in to  h o s t  c h r o m o s o m e  h a s  b e c o m e  an  a t tr a c t iv e  ta r g e t fo r  

in te r r u p tin g  p r o g r e s s io n  o f  H I V  r e p lic a t io n . B e c a u s e  th e r e  a re  n o  k n o w n  s im ila r  e n z y m e s  

in  h u m a n  h e n c e  s p e c i f i c  in h ib ito r s  o f  H I V - 1 IN  a re  e x p e c t e d  to  h a v e  m in im a l  s id e - e f f e c t s  

a s  c o m p a r e d  to  o th e r  a n tiv ir a l  a g e n ts . IN  in h ib ito r s  th e r e b y  w o u ld  b e c o m e  a  p o te n t ia l  
a d d it iv e  to  H A A R T  o r  a  s a lv a g e  th e r a p y  fo r  p a t ie n ts  r e s is ta n t  t o  c u r r e n tly  a v a i la b le  a n ti-  
H IV  d r u g s .

In s p it e  o f  its  o b v io u s  im p o r ta n c e , IN  is  a  d i f f i c u l t  m o le c u la r  ta r g e t  fo r  th e  

a p p lic a t io n  o f  s tr u c tu r e  b a s e d  d r u g  d is c o v e r y .  T h is  is  d u e  to  its  s h a l lo w  s u b str a te  b in d in g  

s it e  lo c a te d  o n  th e  s u r fa c e  o f  th e  p r o te in , its  r o le  in  th e  fo r m a t io n  o f  a  m u lt im e r ic  

c o m p le x  in  p r e - in te g r a t io n  c o m p le x e s ,  a n d  th e  la c k  o f  a  f u l l - l e n g t h  s tr u c tu r e  fo r  e n z y m e  

in a b s e n c e  o r  p r e s e n c e  o f  D N A  su b str a te . M o r e o v e r ,  u n l ik e  R T  a n d  P R , l im ite d  stru ctu ra l  
in fo r m a tio n  o n  IN  in te r a c t io n  w ith  in h ib ito r s  h a s  b e e n  p u b lis h e d . O n ly  o n e  c r y s ta l  
stru c tu re  o f  th e  I N  c o r e  d o m a in  c o m p le x e d  w ith  in h ib ito r  is  a v a i la b le .  A lt h o u g h ,  o v e r  th e  

la s t  f e w  y e a r s  s e v e r a l  c la s s e s  o f  c o m p o u n d s  h a v e  b e e n  r e p o r te d  to  in h ib it  I N , m a n y  o f  

th e m  w e r e  e i th e r  c y t o t o x ic  o r  in a c t iv e  in  b lo c k in g  v ir a l  r e p lic a t io n . M o r e o v e r ,  n o n e  o f  
H IV -1  I N  d r u g  is  a v a i la b le  c l in i c a l ly  y e t . T h e r e fo r e , th e  se a r c h  fo r  s e l e c t i v e ,  p o te n t  and  

in e x p e n s iv e  I N  in h ib ito r s  is  s u b s ta n t ia l ly  r e q u ir e d . In o r d e r  to  a c c o m p l i s h  th is  g o a l ,  th e  

u n d e r s ta n d in g  o f  s tru c tu ra l a n d  d y n a m ic a l  b e h a v io r s  o f  p r o te in  in  s o lu t io n  in c lu d in g  

p r o t e in - l ig a n d  in te r a c t io n  is  n e c e s s a r y . A s  c o m p u te r  a id e d  d r u g  d e s ig n  c a n  p r o v id e  su c h  

in fo r m a tio n , s e v e r a l  c o m p u ta t io n a l  t e c h n iq u e s  w e r e  e m p lo y e d  in  th is  t h e s is  w ith  th e  h o p e  

th a t th e  o b ta in e d  in fo r m a t io n  c o u ld  fa c i l i ta te  th e  d e v e lo p m e n t  o f  h ig h ly  p o te n t  and  
s e l e c t iv e  H I V -1  IN  in h ib ito r s .

1.5 Research Goals
In th is  t h e s is ,  t w o  m a jo r  c o m p u ta t io n a l  a p p r o a c h e s ,  th r e e -d im e n s io n a l  

Q u a n t ita t iv e  S tr u c tu r e  A c t iv i t y  R e la t io n s h ip  ( 3 D - Q S A R )  a n d  h y b r id  Q u a n tu m  

M e c h a n ic a l /M o le c u la r  M e c h a n ic a l  (Q M /M M )  M o le c u la r  D y n a m ic s  ( M D )  s im u la t io n s  
w e r e  a p p lie d  to  a c c o m p l i s h  th e  f o l lo w i n g  a im s:
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1. 3 D - Q S A R  t e c h n iq u e s  w e r e  u s e d  to  c o n s tr u c t  s in g le  3 D - Q S A R  m o d e ls  

d e s c r ib in g  th e  r e la t io n s h ip s  b e tw e e n  b io lo g ic a l  a c t iv i t i e s  a n d  p h y s ic o c h e m ic a l  p r o p e r t ie s  

o f  d iv e r s e  c l a s s e s  o f  H I V -1  IN  in h ib ito r s . T h e  o b ta in e d  in fo r m a t io n  w o u ld  b e  v e r y  

h e lp fu l  fo r  b e tte r  u n d e r s ta n d in g  o f  s tru ctu ra l r e q u ir e m e n ts  o f  H I V -1  IN  in h ib ito r s .
A lth o u g h  3 D - Q S A R  s tu d ie s  o f  H IV -1  IN  in h ib ito r s  w e r e  r e p o r te d  [ 5 9 - 6 4 ] ,  m a n y  o f  th e m  

in v e s t ig a te d  fo r  o n ly  o n e  or  a  f e w  c la s s e s  o f  c o m p o u n d s .  F o r  3 D - Q S A R  s tu d ie s  in c lu d in g  

se v e r a l  c la s s e s  o f  H I V - 1 IN  in h ib ito r s , an  a c c e p ta b le  s in g le  3 D - Q S A R  m o d e l  c a n n o t  b e  

d e r iv e d  a n d  a ll c o m p o u n d s  m u s t  b e  c a t e g o r iz e d  in to  a t le a s t  t w o  g r o u p s  to  o b ta in  an  

a c c e p ta b le  s in g le  m o d e l .  T h is  is  in c o n v e n ie n c e  fo r  p r e d ic t in g  th e  a c t iv i t i e s  o f  m a n y  
u n k n o w n  c o m p o u n d s .  T h e r e fo r e , a  s in g le  3 D - Q S A R  m o d e l  w h ic h  c a n  p r e d ic t  th e  

a c t iv it i e s  o f  m a n y  t e s t  c o m p o u n d s  is  g e n e r a te d  in  th is  w o r k .
2 . Q M /M M  M D  s im u la t io n s  w e r e  c a rr ied  o u t  to  in v e s t ig a t e  s tr u c tu r a l, d y n a m ic a l  

an d  th e r m o d y n a m ic a l  b e h a v io r s  o f  H I V - 1  IN  a n d  its  c o m p le x  w ith  D K A s ,  th e  h ig h ly  
a c t iv e  c la s s  o f  in h ib ito r . A lt h o u g h ,  c la s s ic a l  M D  s im u la t io n s  o f  b o th  fr e e  a n d  c o m p le x e s  

o f  H I V -1  IN  w ith  in h ib ito r s  w e r e  re p o r te d  [ 6 5 - 6 9 ] ,  n o  Q M /M M  M D  s im u la t io n  o f  H IV -1  

IN  is  r e p o r te d . In t h e o r e t ic a l ,  th e  h ig h e r  a c c u r a c y  m e th o d , Q M /M M  is  e x p e c t e d  to  b e tter  

d e s c r ib e  th e  s tru c tu ra l p r o p e r t ie s  o f  p r o t e in - l ig a n d  c o m p le x e s .
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