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[ START OF RECORDI NG]

J EAN- FRANCOI S DELFRAI SSY:   Good  mor ni ng.   My  name i s

J ean - Fr anco i s  Del f r a i s sy .   I ’ m Co- Cha i r  o f  t he c on f e r ence .

Thi s  mor ni ng we have  t wo  t op i c s ,  t he  one  on  HI V en t r y  and  t he

s ec ond  on c omp l i c a t i on.   I t ’ s  a  p l eas u r e  f o r  me  t o  i n t r oduce

Bob  Doms .   Bob  ob t ai ned h i s  Ph . D.  and  M. D.  a t  t he  Ya l e

Uni v er s i t y ,  and t hen  he  mov ed t o ( un i n t e l l i g i b l e ) ,  and  r ec en t l y

j oi ned  t he  f ac ul t y  o f  t he Un i v e r s i t y  o f  Pennsy l v an i a,  whe r e he

i s  now an Ass oc i a t e  Pr of ess o r  of  t he  Depar t men t  o f

Mi c r ob i o l ogy.   Hi s  l ab was  one  of  t hos e t ha t  d i s cov er ed t he

( un i nt e l l i g i b l e)  c or ecep t or ,  and wi t h  32  CCFI  ( uni n t e l l i g i bl e ) .

And  hi s  r ec en t  wo r k  has  ( un i nt e l l i gi b l e)  and  i s  i n  add i t i on

wi t h  ( un i n t el l i g i b l e )  d r ugs .   Hi s  wo r k  has been  r ec ogn i z ed  by

( un i nt e l l i g i b l e)  f r om t he ( uni n t e l l i g i bl e )  Gat es  Foundat i on and

by Pf i z e r  i nv est i gat e  ( uni n t el l i g i bl e )  f r om t he  Amer i c an

Soc i et y  f o r  I nves t i ga t i v e ( uni n t e l l i g i bl e )  Pr o j ec t .   Bob .

DR.  ROBERT DOMS:   Thank  you ,  and  I ’ d  l i k e t o  t hank  t he

o r gani z e r s  f o r  t he  oppo r t un i t y  t o  t a l k  t o  y ou t h i s  mo r ni ng

abou t  how HI V en t e r s  ce l l s ,  how HI V en t r y  c an be  i nhi b i t ed  by  a

new c l as s  o f  ant i r et r ov i r a l  agent s  t ha t  a r e  unde r  c l i n i c a l

dev e l opmen t  and s ome  of  t he  cha l l enges  t hat  we  wi l l  l i ke l y  f ace

as t hes e  new d r ugs  move  t h r ough  c l i n i c al  dev el opmen t .   So ,  t o

unde r s t and  how en t r y  i nh i b i t or s ,  y ou  hav e  t o  k now s ome t h i ng

abou t  how v i r uses  su r r ounded  by  l i pi d  env el opes  l i k e HI V get

i nt o  c e l l s .   So i n  o r de r  f o r  HI V o r  any env e l ope  v i r us  t o
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i nf ec t  a  c e l l ,  i t  has  t o  i n t r oduc e  a  ( uni n t el l i g i bl e )  f r om

i ns i de  t he  v i r us ,  i ns i de  t he  c y t op l as m o f  t he host  ce l l .   I n

o r de r  t o  ac compl i s h t hi s ,  t he v i r us  f aces  t wo phys i ca l

bar r i e r s ,  t he  ba r r i e r s  t ha t  ar e  i mpos ed by t he  membr ane o f  t he

v i r us  and t he  membr ane o f  t he c el l .   And  s i nce  b i o l og i ca l

membr anes a r e  s t ab l e  s t r uc t u r es ,  t hi s  r ep r es en t s  a  s i gni f i can t

b i ophy s i ca l  ba r r i e r .   So  a l l  enve l ope  v i r us es,  r ega r d l es s  of

whe t he r  you ’ r e  t a l k i ng abou t  SARS or  i nf l uenza ,  r ab i es ,  o r  HI V,

ove r come  t hes e  phy s i c al  ba r r i e r s  by  i nc l udi ng a t  l eas t  one

v i r a l  membr ane  p r o t e i n,  t ha t  unde r  t he  r i gh t  c ondi t i ons,

c hanges  i t  s t r uc t u r e  i n  suc h  a  way  t ha t  i t  wi l l

( un i nt e l l i g i b l e)  bet ween  t he  membr ane  of  t he  v i r us  and  t he

membr ane  o f  t he c e l l ,  and as  a  r es ul t ,  t he v i r a l  genome ga i ns

ent r y  t o  t he c y t op l as m.   So ,  r ega r dl es s  o f  t he  t ype  o f  env el ope

v i r us  y ou’ r e t al k i ng  about ,  t he  f undamen t al  s t eps o f  v i r us

ent r y  a r e t he  same .   The  f i r s t  s t ep i s  s i mp l e a t t ac hment  o f  t he

v i r us  t o  t he c el l  su r f ac e,  whi c h may  o r  may  no t  i nv ol v e

s pec i f i c  r ecep t o r s .   I n  t he  cas e o f  HI V,  t ha t  woul d  be  CD4 .   So

now t he  v i r us  i s  a t t ached t o  t he s ur f ace  of  t he  ce l l .   The  next

s t ep  i s  t he r e  has  t o  be  a t r i gger  ev en t .   Ther e  has  t o  be  s ome

way  t o  i mpa r t  i n f o r ma t i on t o  t he v i r a l  enve l ope  pr o t e i n t hat

i t ’ s  t i me f or  t hem t o  go  t o  t he  c onf o r ma t i onal  c hanges  t ha t

l ead  t o  membr ane  f us i on .   And t he r e a r e bas i ca l l y  t wo  t y pes o f

t r i gge r s .   So  v i r uses  l i ke  Wes t  Ni l e  v i r us ,  l i k e  i n f l uenz a

v i r us ,  t he  t r i gge r ’ s  ac t ua l l y  ac i d  pH.   Af t e r  b i nd i ng  t o  t he



International AIDS Society
2nd IAS Conference on HIV Pathogenesis and Treatment
7/16/03

1 kaisernetwork.org makes every effort to ensure the accuracy of written transcripts, but due to the nature of transcribing recorded
material and the deadlines involved, they may contain errors or incomplete content.  We apologize for any inaccuracies.

4

c el l ’ s  s ur f ac e ,  t he v i r us  s o r t  of  s i t s  t her e  l i k e a  Tr oj an

hor s e and i s  even t ua l l y  ( un i nt e l l i gi b l e)  and  de l i v e r ed  t o

endosomes,  wh i ch  a r e  ac i di c  vac uo l es  wi t h i n  t he  ce l l ,  and  t he

p r o t ons ,  wi t h i n t he endosome ,  ac t ual l y  s e r v es t he t r i gge r .

Ac i d i c  r es i due ,  t hey  ar e  p r o t e i ni c ,  t hat  br eak s  s al t  b r i dges,

t ha t  enabl es  t he  v i r a l  p r o t e i n  t o  unde r go  t he c onf o r ma t i onal

c hanges  t ha t  l ead  t o  f us i on  be t ween t he membr ane  o f  t he v i r us

and  t he  membr ane  o f  t he  endosome.   So  you  have  a  t r i gger  even t -

- - i n  t h i s  c as e ,  ac i d  pH- - l eadi ng t o a  con f o r ma t i ona l  c hange,

whi c h l eads  t o  membr ane  f us i on .   HI V bas i ca l l y  does  t he s ame

t hi ng,  but  i t  us es  a  di f f e r ent  t r i gge r i ng  mechan i s m.   HI V i s  a

pH i ndependen t  v i r us .   I t  does  no t  r equi r e ac i d  pH t o  i nduce

t he  s t r uc t u r a l  a l t er a t i ons  t ha t  l ead  t o membr ane  f us i on.   So  as

a  c ons equence ,  i t  has  t he po t en t i a l ,  a t  l eas t ,  o f  f us i ng

d i r ec t l y  wi t h  t he  su r f ac e o f  t he c el l .   I t  s t i l l  needs  a

t r i gge r  ev ent ,  howev e r .   An  HI V en t r y  i s  t r i gge r ed  by

s equen t i al  r ec ep t o r  engagement .   So f o r  a l l  pr i mar y  HI V- 1

s t a i n,  t he  f i r s t  c r i t i c a l  s t ep  i s  bi nd i ng  o f  t he  v i r a l  env el ope

p r o t ei n  f o r  CD4,  whi c h i s ,  as  y ou  know,  exp r es s ed on c er t a i n

c l as ses  of  T c el l s  and mac r ophages  and  ( uni n t e l l i g i bl e )  c e l l s .

The  CD4  i s  j us t  t he f i r s t  s t ep .   CD4  a l one i s  no t  s uf f i c i ent  t o

t r i gge r  t he  c hanges t ha t  l ead t o membr ane  f us i on .   Fo r  t ha t  t o

occ u r ,  t he  v i r al  env e l ope p r ot e i n  has  t o  engage  a s ec ond

r ec ept o r  t e r med t he c or ecep t or ,  and i t  i s  t hat  b i nd i ng  o f  t ha t ,

s hown as  s t ep  2 he r e ,  t hat  i s  wi de l y  t hough t  t o  be  t he  t r i gge r
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t ha t  l eads  t o  t he  changes t hat  ul t i ma t el y  l ead  t o f us i on

bet ween  t he  membr ane  of  t he  v i r us  and  t he  membr ane  of  t he  ce l l .

And  we  now know t hat  t he r e  a r e  2 i mpo r t an t  HI V c or ecep t o r s :

t he  chemok i ne  r ec ept o r s ,  CCR5 and  CXCR4.   A number  of  ot he r

( un i nt e l l i g i b l e)  t r ans membr anes and  mai n  r ecep t or s  c an a l so

s uppor t  v i r us  en t r y  i n v i t r o  when  t hey ’ r e  ex pr es sed  a t  v e r y

h i gh  l ev el s ,  but  t he r e’ s  r ea l l y  no  c ompe l l i ng ev i denc e  t ha t  any

o f  t hos e  a l t e r na t i ve  co r ec ep t o r s  a r e  i mpo r t ant  i n humans .   When

peop l e  bec ome  i n f ec t ed wi t h  HI V,  t hey  al mos t  i nv ar i ab l y  become

i nf ec t ed  wi t h  v i r uses  t hat  use  CCR5 as  t he p r i ma r y  r ec ep t o r ,

and  some  i ndi v i dua l s  who  p r ogr ess  t o  AI DS c ont i nue  t o  ha r bor

v i r uses  t ha t  use  CCR5 .   You  know,  i n  s ome  i ndi v i dua l s —and  i t ’ s

es t i ma t ed t ha t  app r ox i ma t e l y  ha l f  of  i nd i v i dua l s  who p r og r es s

t o AI DS,  t her e ’ s  wha t  we  c a l l  a  c l ea r  r ec ep t or  s wi t ch .   As  a

c ons equenc e  o f  mu t at i ons  t ha t  acc umu l a t e  wi t hi n  t he  v i r a l

env e l ope  p r ot e i n ,  t he  enve l ope  pr o t e i n  now uses  a r el a t ed

r ec ept o r  c a l l ed CXCR4 ,  e i t he r  i n p l ac e  o f  CCR5  o r  i n add i t i on

t o i t .   And  wh i l e  you  don’ t  hav e t o have  a c l ea r  r ecep t o r

s wi t ch  t o p r og r es s  t o  AI DS,  i f  v i r us es  t hat  us e  CXCR4 ,  s o -

c al l ed  X4 v i r uses ,  c an be de t ec t ed  i n  i nd i v i dua l s ,  i t ’ s  us ua l l y

a  bad p r ognos t i c  i nd i ca t or  bec aus e  t hese  v i r us es  a r e ass oc i a t ed

wi t h  ac c el e r a t ed  d i s eas e  p r ogr ess i on ,  s i nce  CXCR4 i s  exp r ess ed

i n a  muc h l ar ger  f r ac t i on t han  CD4  pos i t i ve  T c e l l s  t han  i s

CCR5 ,  s o  t hat  t he  v i r us  unde r goes  a c o r ec ep t or  s wi t ch  t o

u t i l i z e  CXCR4 ,  i t ,  i n  e f f ec t ,  b r oadens  i t s  t r op i sm t o  a much
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l ar ger  f r ac t i on o f  y our  CD4  pos i t i ve  c el l s .   Now,  t he  r ea l

i mpo r t ance  of  t he  chemok i ne  r ec ep t or  f or  HI V en t r y  was  s hown  i n

1996 ,  when  i t  was  di s cov er ed  t hat  some  i ndi v i dua l s ,

par t i c u l ar l y  Cauc as i ans  f r om No r t her n  Eu r ope ,  l ack ed CCR5  as  a

c ons equenc e  o f  an  i nact i va t i ng  32 - bas e  pa i r  de l e t i on and  t o

open  a  r ead i ng  f r ame  f o r  CCR5 gene .   The  mu t at i v e p r o t ei n ,

i ns t ead  of  spann i ng t he  membr ane s ev en  t i mes ,  t r av e r s es t he

membr ane  f our  t i mes,  t he  pr o t e i n  i s  g r os s l y  mi s f ol ded,  and  i s

not  ex p r es s ed  on  t he  su r f ac e  o f  t he c e l l .   So,  as  a

c ons equenc e ,  i nd i v i dual s ,  s hown  on  t he  bo t t om,  who  hav e t wo

c op i es  o f  t hi s  mu t an t  de l t a  32 a l l e l e,  ar e  CCR5 k noc kou t s .

They  don ’ t  hav e CCR5 ,  bu t  t hey  ar e  o t her wi s e  no r ma l .   You

appa r en t l y  do  no t  need CCR5  f o r  no r ma l  human  g r owt h  and

dev e l opmen t .   Bu t  i nd i v i dua l s  who  l ac k  CCR5  ar e  hi ghl y

r es i s t an t ,  t hey ’ r e  no t  abs o l ut e l y  i mmune  t o  HI V i n f ec t i on .

Now,  i mpor t an t l y ,  he t er ozy go t es ,  i nd i v i dual s  wi t h one  copy  o f

t hi s  mu t an t  a l l e l e ,  hav e  a  v er y  s l i gh t  degr ee o f  p r ot ec t i on o f

v i r us  i nf ec t i on ,  bu t  when  i n f ec t ed,  on  av e r age ,  p r og r es s ed  t o

AI DS mor e s l owl y ,  somewher e  be t ween 2  and  4  yea r s .   And as  f a r

as  any body  can  de t er mi ne ,  t h i s  i s  due  a r el a t i v e l y  modes t

r educt i on i n t he  amount  of  CCR5  p r es en t  on t he  s ur f ac e  o f  t he i r

T c e l l s  and  macr ophages .   And t hi s  i s  i mpor t an t ,  i t  becomes

i mpo r t an t  l at e r ,  bec aus e  I  t hi nk  wha t  i t  say s i s  t hat  CCR5  i s

r at e  l i mi t i ng  f o r  v i r us  i nf ec t i on .   The r e  i s  c ons i der abl e

nat u r a l  va r i a t i on  i n  CCR5 ex pr ess i on  l ev e l s  be t ween



International AIDS Society
2nd IAS Conference on HIV Pathogenesis and Treatment
7/16/03

1 kaisernetwork.org makes every effort to ensure the accuracy of written transcripts, but due to the nature of transcribing recorded
material and the deadlines involved, they may contain errors or incomplete content.  We apologize for any inaccuracies.

7

i nd i v i dual s ,  and  CCR5  ex pr es s i on i s  one ( un i nt e l l i g i b l e)  f ac t or

t ha t  i mpac t s  t he  r at e  o f  d i s eas e p r og r es s i on .   So nat u r e  has

done  t h i s  i nc r ed i b l e  ex per i men t  t hat  has  shown  how CCR5 i s  f o r

HI V and  how un i mpo r t ant  i t  i s  f or  human g r owt h  and  dev el opmen t ,

and  t ha t  makes  CCR5 t hen  a  r ea l l y  good  ( uni n t e l l i g i bl e )  t a r ge t .

Ear l y  l as t  yea r ,  t he  f i r s t  CCR5  an t agoni s t  r es u l t s  f r om t he

f i r s t  c l i n i ca l  t r i al  we r e r epo r t ed ,  and now a number  o f  CCR5

ant agon i s t s ,  s ma l l  mo l ec ul es  t hat  bi nd  t o  CCR5  and  pr even t  HI V

f r om us i ng  i t ,  a r e  now unde r  c l i n i ca l  dev el opmen t .   So

( un i nt e l l i g i b l e)  was  t he  f i r s t  sma l l  mol ecu l e an t agon i s t ,  and

t he r e a r e s ev e r a l  ot her s  t ha t  a r e  i n  pat i en t s  now,  and  ea r l y

t r i a l s  hav e  s hown  t ha t  t hi s  an t agoni s t  does ,  i n  f ac t ,  r educe

v i r us  l oad .   The  b i g  quest i on i n us i ng  CCR5  an t agon i s t s  i s  t hat

i f  y ou  app l y  t hes e  t o  a  pa t i en t  f o r  a  pr o l onged  pe r i od  o f  t i me,

wi l l  t h i s  s i mp l y  s el ec t  f o r  v i r us es t hat  wi l l  ( uni n t e l l i g i bl e )

f us e  wi t h CXCR4 c o r ec ep t or ,  wh i ch  cou l d be an i mpo r t an t

out c ome ,  g i ven  t ha t  t hes e v i r us es  ar e  as s oc i at ed  wi t h  di s eas e

p r og r es s i on .   And  nobody  r ea l l y  k nows  t he  answer  t o  t hat

ques t i on .   You  c an  a r gue  e i t he r  s i de  o f  t he  equa t i on.   I  t hi nk

t he r e a r e s ome  v e r y  good  r easons t o a r gue  t hat  s uc h  a

c or ecep t or  swi t c h  wi l l  not  occ u r ,  pa r t i c u l a r l y  i n pat i en t s  who

a r e  t r ea t ed  r e l a t i ve l y  ear l y  a f t e r  an  i n f ec t i on ,  bu t  u l t i mat e l y

no one  r ea l l y  knows,  and  we ’ l l  hav e t o  s ee wha t  happens a t  t he

c l i n i c a l  t r i a l s .   One  o f  t he  i mpl i ca t i ons  o f  us i ng  co r ec ep t o r

ant agon i s t s  as  t he r apeut i c s ,  t hough ,  i s  t hat  new c l i n i c a l  t es t s
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wi l l  have  t o  be  empl oyed .   I t  wi l l  no  l onge r  be  s uf f i c i en t  t o

s i mp l y  meas ur e  how much  v i r us  i s  c i r cu l a t i ng  i n  t he pat i en t .

I t  bec omes  t o  de t er mi ne  wha t  k i nd  of  v i r us  i s  c i r c u l a t i ng .   I f

y ou  hav e  a  pa t i en t  t hat  you  hav e p r edomi nan t l y  v i r uses  t ha t  use

CXCR4,  i t  wou l d make  no  sens e t o g i v e  t o  t ha t  pe r s on a  CCR5

ant agon i s t  and  v i c e v er s a.   So  v i r al  phenot y pi ng  wi l l  hav e  t o

bec ome  an i mpo r t an t  new c l i n i c a l  t es t  i n  or der  t o hel p  gu i de

t he  app l i c a t i on o f  t hes e  d r ugs  as  t hey  move  t h r ough

dev e l opmen t .   So  how does membr ane  f us i on  ac t ua l l y  oc c ur  and

how does  t he v i r us  ge t  i n?   So  on  t he  s i de o f  t he v i r us ,  t he r e

i s  t he  env e l ope p r ot e i n ;  on  t he  s i de  o f  t he  ce l l ,  t he r e i s  CD4

and  a c o r ec ep t or .   So  t he HI V env e l ope  p r ot e i n  i s  a  t r i me r .   I t

t hr ee i den t i c a l  nonp r ev a l en t l y  ( mi ss pe l l ed? )  as s oc i at ed

s ubuni t s ,  and  eac h  s ubun i t ,  i n  t u r n,  c ons i s t s  o f  t wo par t s .

The r e i s  a  su r f ac e  gp120  s ubun i t ,  t ha t  I ’ m s howi ng  he r e as  t he

l ar ge r ed bal l .   Thi s  i s  r es pons i b l e  f or  bi ndi ng  t o  t he CD4 and

a  c o r ec ept o r .   And  gp120 ,  i n  t u r n ,  i s  as s oc i at ed  wi t h  a

membr ane  s c ann i ng  subun i t ,  t er med  gp41 .   So  gp41  s c ans  t he

v i r a l  membr ane .   So wi t h i n  t he  t r i me r ,  y ou hav e  t h r ee  gp120s ,

y ou  hav e  t h r ee  gp41s .   So,  f i r s t  t he  env e l ope p r ot e i n  engages

CD4 ,  and  t he number  o f  CD4  mol ecu l es  needed  t o  t r i gge r  t he

c on f or ma t i ona l  c hanges t ha t  enabl e  t he  v i r us  t o  bi nd t o

c or ecep t or  l i k el y  va r i es  be t ween d i f f e r en t  v i r us  s t r a i ns .   Some

v i r us  s t r a i ns  may  need but  one  CD4  t o  t r i gge r  a  t r i me r ,  wher eas

o t he r s  may  need t wo o r  t hr ee .   CD4  b i ndi ng t r i gger s  a t  l east
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t wo  con f or mat i ona l  c hanges  i n env e l ope  p r ot e i n  t ha t  y ou c an

meas ur e .   The  f i r s t  r es u l t s  i n  t he  ex pos u r e  of  a  h i gh l y

c ons er v ed ( mi s spe l l ed?)  r eg i on  i n  gp120,  t e r med  t he  c o r ec ept o r

b i nd i ng  s i t e,  wh i c h I ’ m showi ng  he r e  as  a  p i nk  bal l .   So  t hi s

( un i nt e l l i g i b l e)  i s  h i gh l y  c ons er v ed ,  i t ’ s  k ep t  hi dden ,  and CD4

b i nds t o  gp120 .   Thes e v ar i abl e  l oops ,  i nc l udi ng  t he t hi r d

v ar i ab l e  l oop  and  t he  f i r s t  and  s econd  v a r i abl e  l oops ,  s o r t  o f

s wi ng ou t  o f  t he  way ,  ex pos i ng  t h i s  p r ev i ous l y  h i dden  doma i n

t ha t  p l ays  an  i mpo r t ant  r o l e  i n  b i nd i ng t o bot h  CCR5 and  CXCR4.

The  sec ond  as pec t  of  con f o r mat i ona l  c hanges  i nduced  by  CD4  i s

t ha t  i t  i nduc es s ome  changes  i n  gp41  t ha t  ex pos e  t he b i nd i ng

s i t e  f o r  a  new en t r y  i nh i b i t or  ca l l ed  T20  o r  Fus i on ,  whi c h  has

got t en  FDA app r ov a l  now t o  be used  i n  t he  Un i t ed  St at es  and i n

Eur ope .   So  CD4 b i nd i ng  al one appa r en t l y  mak es  env e l opes

s us c ep t i bl e  t o  t h i s  f us i on  i nh i bi t or .   And we have  a good  i dea

o f  wha t  t hese  con f or mat i ona l  c hanges  l ook  l i ke ,  bec aus e s eve r al

y ea r s  ago a  c o r e  f r agmen t  o f  gp120  was  c o - c r ys t a l l i zed  wi t h

CD4 .   And t he  or i ent a t i on o f  t h i s  pi c t ur e ,  y ou  wou l d be t he

c el l ,  and t he  v i r us  was  comi ng  t owar ds  y ou,  t he  gp120  i s  s hown

as a  s pace - f i l l i ng  mode l ,  and p i nk  and  r ed a r e  r es i dues t hat

a r e  hi gh l y  conse r v ed  i n  pa r t  o f  t h i s  c or ecep t o r  bi ndi ng s i t e ,

and  t ha t  wi l l  bi nd  t o  e i t he r  CCR5  or  CXCR4,  depend i ng  on  t he

s t r a i n  o f  v i r us  t hat  you  hav e.   Ok ay .   So  CD4 b i nd i ng  now mak es

i t  pos s i bl e  f o r  t he env e l ope  p r ot e i n  t o b i nd  t o  i t s  c o r ec ept o r ,

be i t  CCR5  or  CXCR4.   And t h i s  i s  pr obab l y  t he  t r i gge r ,  t hen ,
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t ha t  l eads  t o  t he  f i nal  con f or mat i ona l  c hanges .   And i t ’ s

wi de l y  t hough t  t ha t  one  of  t he  f i r s t  s t eps i s  ex pos ur e  o f

wha t ’ s  t er med  t he  f us i on  pep t i de,  wh i c h i s  t he  v er y  begi nn i ng

o f  gp41 .   I t ’ s  a  s t r e t c h  o f  hy d r ophob i c  r es i dues  t hat  ar e

t hough t  t o  phy s i c a l l y  i nse r t  i n t o  t he  membr ane  o f  t he  ce l l s  o r

t o s t ab  t he  c e l l s .   So,  as  a  r esu l t ,  gp41  now becomes  an

i nt egr a l  c omponen t  o f  t wo membr anes,  t he  v i r al  membr ane,  o f

whi c h i t ’ s  no r ma l l y  l aunched ,  and  t he  ce l l  membr ane ,  t ha t  i t ’ s

j us t  s t abbed.   So  now y ou’ v e  go t  t he  c el l  membr ane  and  t he

v i r us  membr ane  phy s i c al l y  t e t he r ed  by  gp41.   So  how do  y ou

act ual l y  ge t  t he  l i p i ds  t oge t he r ,  how do  you  c ause  f us i on ,  and

how do  y ou  s t op i t ?  So  you  need t o l ook  at  t he  p r oc es s  a

l i t t l e  b i t  mo r e c a r e f ul l y .   I n  t he  t op  l e f t  i s  wha t  I  showed

y ou  i n  t he  pr ev i ous s l i de,  whi c h i s  t he env e l ope  t hat  i s  bound

t o CD4 ,  bound  t o  c or ecep t o r .   The  f us i on  pep t i de  i s  ex pos ed and

i ns e r t ed  i n t o  t he  membr ane  o f  t he  ce l l .   And  be l ow t ha t ,  I  j u s t

s howed  t he  t h r ee  gp41  s ubun i t s  i n  t he  t r i me r .   For  s i mpl i c i t y ,

I ’ v e  t ak en  away gp120 .   I f  y ou  l ook a t  t he ami no  ac i d  sequenc e

o f  gp41 ,  and dep i c t ed  s c hema t i c al l y  s hown  on  t he  bo t t om,  y ou

s ee  t he  v i r us  membr ane o f f  t o t he  r i gh t .   To  t he  l e f t  i s  t he

hyd r ophobi c  f us i on  pept i de ,  t ha t  s t abs  i n t o  t he  membr ane  o f  t he

c el l .   I f  y ou  l ook  a t  t he r es t  of  t he  gp41 s equenc e ,  y ou  c an

s ee  t ha t  t her e  a r e  t wo doma i ns  t ha t  l i ke  t o  f o r m ou t  t he

hel i ces - - he l i c al  r eg i ons  one  and hel i c al  r eg i ons  t wo.   The

y el l ow HR1  domai n  i n t er ac t s  wi t h t he  c or e  ( uni n t el l i g i bl e )  HR1
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doma i ns  i n  t he  o t her  subun i t s  i n t he  t r i mer ,  s o  you  ge t  a

t r i p l e - s t r anded c o i l ed c oi l  t ha t  p r o j ec t s  t he f us i on pep t i de  i n

t he  di r ec t i on  of  t he  ce l l  membr ane .   And  t hen what  happens  i s

t he  mo l ecu l e bas i c al l y  f ol ds  back  on  i t s e l f ,  he l i c a l  r eg i on t wo

f l i ps  back  and  b i nds  t o  HR1 ,  s o r t  of  l i k e  an  umbr e l l a .   And

when  t h i s  happens ,  i t  d r i v es  t oge t he r  t he  t r ans membr ane doma i n,

whi c h i s  l odged i n  t he v i r us  membr ane  and  t he f us i on pep t i de ,

whi c h i s  i n  t he membr ane  o f  t he  c e l l ,  br i ngs  t he  l i pi d  b i l ay e r s

i nt o  c l ose  pr ox i mi t y .   And  i t  i s  l i k e l y  t ha t  s omewher e  be t ween

3  and 5  t r i me r s  o f  t he env e l ope  p r ot e i n hav e  t o  under go t h i s

s t r uc t u r al  al t er a t i on  a t  about  t he  s ame t i me  i n  or der  t o  d r i v e

membr ane  f us i on,  gene r a t e a  f us i on  pou r  ( mi s spe l l ed?)  t o  enab l e

t he  v i r us  t o ent e r  t he c el l .   So t hi s  br i ngs  up  T20 .   So  T20  or

Fus i on  i s  a  36 - ami no - ac i d- l ong  pep t i de  t hat  you  i n j ec t  i t

s ubc ut aneous l y  t wi ce  a day .   And T20  i s  bas i ca l l y  a  pept i de

t ha t ’ s  bas ed on t he s equenc e  o f  t he HR2 doma i n ,  and  as  s uc h,  i t

does  wha t  t he  HR2  domai n  no r ma l l y  does - - i t  b i nds  t o  t he HR1

doma i n ,  and  by  do i ng  t ha t ,  i t  b l oc ks  t he  f o r ma t i on  of  t he  s i x -

hel i x  bund l es  of  env e l ope,  b l oc ks  t he  snapp i ng  t oge t he r  o f  HR1

and  HR2 ,  and s o i t  b l oc k s membr ane  f us i on ,  and  now you  hav e a

dead  v i r us .   So an  i mpo r t an t  po i n t  t o  keep i n mi nd  wi t h T20 i s

t ha t  i t  t a r ge t s  a  s t r uc t ur a l  i n t e r med i at e  o f  t he  f us i on

p r oc es s .   T20  c annot  bi nd  t o  t he na t i v e v i r us  because  i t s

b i nd i ng  s i de i s  no t  exposed .   I t s  bi nd i ng  s i de  bec omes  ex pos ed

onl y  a f t er  t he  env el ope  pr o t ei n  i s  down t o CD4 ,  t hen t he r e ’ s  a
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k i ne t i c  wi ndow ( un i n t el l i g i b l e )  T20 f unc t i on .   And  i f  i t  b i nds

t o env e l ope  wi t h i n  t hat  k i ne t i c  wi ndow,  i t  b l oc k s t he  f i na l

c on f or ma t i ona l  c hanges t ha t  l ead t o membr ane  f us i on .   So  t hi s

mov i e t hat ’ s  been  pr oduc ed  by Tr i mar i s  ( mi s s pe l l ed? )  s hows  t h i s

p r oc es s  i n  f a r  be t t e r  de t ai l ,  I  t h i nk ,  t han  my t wo - di mens i ona l

s l i de does .   Thi s  shows  t he  v i r us  zoomi ng  i n .   The  su r f ac e  o f

t he  ce l l  i s  be l ow.   CD4  i s  s hown i n b l ue .   CD4  has  f ou r

i mmunog l ob i n- l i k e  domai ns,  s o eac h  CD4  mo l ec ul e  has  f our  b l ue

bal l s ,  and  t he  c o r ec ept o r s  a r e  shown  as t hes e i nconsp i cuous

o r ange  dot s .   So  t he  env el ope p r o t ei n  comes  i n  and  bi nds  t o

CD4 .   And her e  i t  shows  t h r ee CD4 ’ s  b i nd i ng  t o  eac h  o f  t he

gp120 s ubun i t s ,  wh i c h  i s  t r ue f or  some  v i r us  s t r ai ns .   Tha t

i nduces  con f o r ma t i ona l  c hanges ,  enab l i ng  t he  env el ope  t o  b i nd

t o t he  c or ecep t o r ,  t he f us i on pep t i de  bec omes ex pos ed  and

bas i ca l l y  s t abs t he membr ane  o f  t he c e l l .   So now y ou  hav e  t he

t wo  membr anes  t e t her ed,  and  now t he HR2 doma i ns  s l i p bac k ,  t hey

f or m ou t  t he hel i c es  on  t hes e g r ooves  on  t he  ou t s i de o f  t he

t r i p l e  s t r i ng  of  c oi l ed  co i l ,  and  bas i ca l l y  snaps t he  membr ane

t oge t he r .   And  when s ev e r a l  of  t hese  ope r at e  i n  conce r t ,  y ou

get  a f us i on pou r  ( mi ss pel l ed? ) .   And  now t he v i r us  i s  i n  t he

c el l ,  and v i r us  r epl i ca t i on  can  p r oc eed.   I  shou l d  say  t ha t

many  o t her  env el ope v i r uses  l i k e i nf l uenz a and  Ebo l as  do

exac t l y  t he  s ame t hi ng.   The i r  env e l ope p r o t e i ns  a l so  f or m

t hes e s i x - hel i x  bund l es .   Th i s  i s  how T20  wo r k s .   T20  ar e

t hes e,  y ou  know,  l i t t l e  bed  sp r i ngs t hat  ar e  f l oat i ng  ar ound ,
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and  t hey ’ r e  f l oa t i ng  ar ound  bec aus e T20 c annot  b i nd  t o  t he

nat i ve  ( mi s spe l l ed?)  env el ope p r o t ei n  bec aus e t he b i nd i ng  s i t e

i s  not  exposed .   Aga i n,  t he  v i r us  comes i n,  and  t he r e ’ s  good

ev i denc e  t hat  CD4  bi ndi ng a l one  t r i gge r s  t he  c on f o r ma t i ona l

c hanges  t ha t  expos e o r  c r ea t e b i nd i ng  s i t e f or  T20 .   So y ou’ v e

got  bi nd i ng—gp120  i s  r emov ed  f r om t he  mov i e  s i mp l y  f o r

s i mp l i c i t y .   The r e ’ s  no  good  ev i denc e  t ha t  i t  ac t ua l l y

d i s ass oc i a t es .   T10 b i nds,  and  I  s us pect  you  p r obab l y  ar e  on l y

goi ng t o  need  one  bi ndi ng ev en t  pe r  t r i me r  t o i nac t i v a t e  t ha t

t r i mer ,  and  now t he s i x - he l i x  bund l e  f or mat i ons  can ’ t  oc c u r ,

y ou  don ’ t  get  membr ane f us i on,  and  y ou  ge t  a  dead v i r us .   So

t ha t ’ s  how T20  wo r ks .   So,  we hav e  c o r ec ept o r  an t agon i s t s  t ha t

a r e  unde r  c l i n i c a l  deve l opment ,  t hat  b l oc k  engagement  of

c or ecep t or s .   You  hav e a t  l eas t  one f us i on.   The r e  ar e  s ev er a l

f us i on  i nh i bi t or s  t ha t  one  c an  t h i nk  abou t  us i ng  t o  b l oc k

membr ane  f us i on.   A c ha l l enge t ha t  we  al l  f ace  i n us i ng en t r y

i nh i bi t o r s ,  t hough ,  i s  t ha t  t hey exh i b i t  va r i ab l e pot enc y ,  a t

l eas t  i n  v i t r o .   And  t he r e  a r e  c l ear l y  v i r us  f ac t o r s  and  hos t

f ac t or s  t ha t  s t r ongl y  i n f l uenc e  t he e f f i c ac y  o f  t hese  dr ugs.

And  you  can  s how t hi s  i n  t wo  d i f f e r en t  ways .   You c an  co l l ec t

d i f f er en t  v i r us  s t r a i ns  f r om t h r oughou t  t he  wo r l d f r om pa t i en t s

who  hav e  no t  r ec e i ved  en t r y  i nh i b i t o r s ,  t hen  i n f ec t  t he c e l l

l i ne ,  f o r  exampl e ,  wi t h  t hes e v i r uses ,  and ask ,  i f  I  wan t ed t o

i nh i bi t  t he  v i r us  r ep l i c at i on,  how muc h d r ug  wou l d  I  hav e  t o

use?   And i f  y ou  do t ha t ,  y ou f i nd  t ha t  i f  y ou  used  an  RT or  a
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p r o t eas e  i nhi b i t o r ,  depend i ng on t he  v i r us  s t r a i n,  t hese  a r e

a l l  f r om d r ug  na ï v e pat i en t s ,  may be y ou’ d  have  t wo f ol d  t o

f ou r f o l d  v a r i a t i on ,  not  a l o t  o f  v ar i a t i on.   Bu t  when  you  t h i nk

o f  t he  s ame  v i r us es and  t r y  t o  i nh i b i t  t hem wi t h  T20 o r

c or ecep t or  an t agon i s t s ,  you  eas i l y  enc oun t e r  t wo  o r de r s  o f

magn i t ude d i f f er ence  i n  v i r us  s ens i t i v i t y  and s ome t i mes as  much

as t hr ee  o r  f our  o r de r s  of  magn i t ude ;  so  t ha t ,  s ome  v i r us es

t ha t  f o r  s ome  r eas ons  a r e s i mp l y  mor e  r es i s t an t  t o  t hese  ent r y

i nh i bi t o r s  t han o t he r s  t o a  cons i der ab l e  deg r ee  i n  i n  v i t r o

ass ays .   So  c l ea r l y ,  t he r e  a r e  v i r us  f ac t or s  t ha t  i mpact  ent r y

i nh i bi t o r  s ens i t i v i t y  t o  a  muc h  g r ea t e r  ex t ent  t han  t hey  do f or

o t he r  an t i r et r ov i r al  dr ugs ,  aga i n  f r om d r ug  na ï v e pat i en t s .

The r e a r e a l s o  pos t c e l l  f ac t or s .   So  i n t hi s  c as e,  you  c an  t ake

a  s i ng l e  v i r us  s t r ai n ,  i nf ec t  PBMCs f r om di f f e r ent  peopl e ,  and

ask  how muc h d r ug  do  I  need  t o  i nh i b i t  t h i s  v i r us?   And what

y ou  f i nd  i s  t hat  i f  y ou  us e  RT or  pr o t eas e i nh i b i t o r s ,  aga i n

y ou  hav e  v e r y  modest  va r i a t i on .   I t  does n ’ t  r ea l l y  mak e t hat

muc h  d i f f e r enc e whos e  PBMCs  you ’ r e  us i ng  f o r  t he  most  pa r t .

Howeve r ,  i f  y ou us e ent r y  i nhi b i t o r s ,  you  c ommon l y  aga i n  s ee  at

l eas t  t wo o r de r s  o f  magn i t ude v ar i at i on.   So  t he  amoun t  o f  d r ug

needed  t o i nh i bi t o r  any  gi v en v i r us  wi l l  be  hi gh l y  dependent

upon  whose  PBMCs  y ou  ar e  us i ng .   So t h i s  t e l l s  y ou  t ha t  t her e

mus t  be  pos t c e l l  f ac t or s  t ha t  i mpact  ent r y  i nh i b i t o r

s ens i t i v i t y  agai n  appar ent l y .   These  a r e  ea r l y  s t ud i es ,  bu t  i t

s eems t o  a  muc h g r ea t er  ex t ent  t han t hey  do  f o r  ot her
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ant i r e t r ov i r a l s .   And  t h i s  t r i gge r s  a  who l e  se r i es  of  wha t  I

t hi nk  a r e v er y  p r ac t i ca l  quest i ons  t ha t  get  at  t he  us e  o f  t hese

d r ugs and t ha t  I  t hi nk  wi l l  al s o t el l  us  a l ot  abou t  v i r a l

t r op i s m and  pat hogenes i s .   So t he ques t i ons a r e :   What  ar e  t he

v i r a l  and hos t  f ac t o r s  t ha t  i n f l uenc e  en t r y  i nh i bi t or

s ens i t i v i t y ,  bec ause  i f  you  cou l d  i den t i f y  t h i s ,  t hi s

i nf o r ma t i on  c oul d  po t en t i a l l y  be used  t o  he l p gu i de  t he r apy .

How mi gh t  HI V ac qu i r e  r es i s t anc e t o t h i s  new c l ass  of  dr ugs,

bec aus e  i t  as s ur ed l y  wi l l .   Bu t  i mpo r t an t l y ,  wha t  a r e  t he

c ons equenc es o f  d r ug  r es i s t anc e?  Do  y ou  ge t  c l ass  r es i s t anc e?

I f  t he  v i r us  bec omes  r es i s t ant  t o  T20 ,  does  i t  bec ome  mor e  o r

l es s  r es i s t an t  t o  ot her  t y pes o f  ent r y  i nhi b i t o r s  s uc h  as

c or ecep t or  an t agon i s t s?   And  f i na l l y ,  how c an we  empl oy en t r y

i nh i bi t o r s  mos t  e f f ec t i ve l y?   Bec aus e hope f u l l y ,  wi t h i n  s eve r al

y ea r s ,  we’ l l  hav e  a number  o f  ent r y  i nhi b i t o r s  f r om wh i c h  t o

c hoose ,  and  i t  wou l d  undoub t ed l y  be f ool i sh  t o  use  bu t  a  s i ng l e

ent r y  i nhi b i t o r  by  i t se l f ,  bec aus e  y ou ’ l l  s i mp l y

( un i nt e l l i g i b l e)  f or  dr ug r es i s t an t  v i r us es .   So ,  wha t  a r e  s ome

o f  t he  f ac t or s  t ha t  c an  i mpact  en t r y  i nh i bi t or  s ens i t i v i t y ?

Wel l ,  l ook i ng  at  T20 ,  i t  i s  c l ear  t ha t  t he nat i v e env e l ope

p r o t ei n  i s  r es i s t ant  t o  T20 .   And  on  t he  f a r  r i ght - hand s i de ,

t he  s i x - he l i x  bund l e  t ha t  s naps  t oge t her  con f o r mat i on  i s  a l s o

r es i s t an t  t o T20 .   Bu t  t he  v i r us  bec omes  sens i t i ve  t o  T20

dur i ng  a  k i ne t i c  wi ndow t ha t ’ s  opened  by  CD4  engagemen t  and

t ha t  i s  c l osed  by  co r ec ept o r  b i nd i ng .   So  we  hy pot hes i zed  t ha t
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v i r uses  ge t  f used  mor e qui c k l y  t han o t he r  v i r us es wou l d

p r obab l y  be  mor e  r es i s t ant  t o c ompounds l i k e  T20 ,  bec aus e  T20

wou l d have  a s ho r t er  pe r i od  of  t i me i n  wh i c h  t o  wo r k .   So  wha t

a r e  some  f ac t o r s  t ha t  c an i mpac t  t he  r at e  o f  membr ane  f us i on?

Wel l ,  t her e  a r e s eve r al  t ha t  y ou c an  c on t emp l a t e ,  and  t hes e

eac h  wi l l  p r obab l y  be  t r ue  i n s ome  s ubse t  o f  c as es ,  s o  pe r haps

s ome  v i r us es hav e  mor e env e l ope  p r ot e i n on t he i r  s u r f ace  t han

o t he r s .   That  wou l d i mpact  t he  r a t e o f  membr ane  f us i on .

Per haps  some a r e  mor e  eas i l y  t r i gger ed ,  r equ i r i ng but  a s i ng l e

r ec ept o r  b i nd i ng  even t  r at he r  t han  t wo  o r  t h r ee .   Tha t  wou l d

i nc r eas e  t he r at e  of  f us i on .   Per haps  some v i r us es  under go  t he

c on f or ma t i ona l  c hanges wi t h  hi ghe r  f i del i t y  t han  o t he r  v i r us es.

We a l way s dep i c t  t hes e c on f o r ma t i ona l  changes as  wo r k i ng  a l l

t he  t i me ,  but  t ha t  may not  be t he  cas e .   The r e  may  be  some

v i r uses  t ha t  a r e  mor e  f usogeni c .   When  t hey  engage  r ec ep t o r ,

t hey  under go t hes e  c onf o r ma t i onal  changes  mor e  qui c k l y  and  wi t h

h i gher  f i de l i t y .   And  f i na l l y ,  how about  af f i n i t y  f or  t he

r ec ept o r s ,  bec aus e  we  k now t ha t  t her e  i s  wi de v a r i a t i on i n  t he

a f f i ni t y  t hat  di f f er ent  HI V s t r ai ns  have  f o r  t he i r  r ec ep t o r s .

And  we  r eas oned t hat  v i r us es  t hat  bi nd  t o  t hei r  r ec ep t or s  wi t h

h i gher  a f f i ni t y  woul d  f use  mor e  qu i c k l y ,  bec aus e  t hey  wou l d

b i nd  t o  t he i r  r ec ept o r s  mor e  qu i c k l y  as  a  r esu l t  o f  enhanc ed

a f f i ni t y .   So  we  t es t ed  t h i s .   And  s i nce  we  know a  l o t  about

how t he  env el ope  p r o t ei n  engages c or ec ep t or s ,  we  p r et t y  much

k new wha t  t o do.   So  we  ex ami ned t he  c ons er v ed  c or ecep t o r
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b i nd i ng  s i t e,  t ha t  I  t o l d y ou abou t ,  t ha t  p l ay s  an  i mpor t ant

r ol e  i n  modul a t i ng  t he a f f i n i t y  be t ween t he  v i r us  on t he  one

hand  and  t he c or ec ep t or  on  t he  ot her ,  be  i t  CCR5  o r  CXCR4 .   So

wha t  we  di d  was t o  i n t r oduc e  s i ng l e ami no  ac i d  mut a t i ons  i n

e i t her  a  v i r us  t ha t  uses  CCR5 o r  CXCR4 .   And  wha t  we ended  up

wi t h  a r e  a  panel  o f  v i r uses  t ha t  a r e  i den t i c al ,  ex c ep t  f o r

s i ng l e  ami no ac i d  changes,  t ha t  modu l a t e  t he  a f f i n i t y  of

b i nd i ng .   Some  o f  t hese  mu t a t i ons  i nc r eas ed  af f i ni t y ,  and

s ome—mos t  dec r eas ed a f f i ni t y .   And  t he  s pec i f i c  mu t at i ons  ar e

not  i mpo r t ant .   I  j u s t  s how t h r ee  di f f er ent  v i ews o f  gp120 .

And  shown i n l i gh t  b l ue  i n  t he  upper  l ef t  and l i gh t  g r ay  i n t he

bot t om l ef t  and i n  g r een  on  t he  bo t t om r i gh t ,  t her e  a r e s ome  of

t he  ami no ac i ds  t hat  we ’ ve  mut a t ed .   And  t hen we  meas u r e  t he

c ons equenc es o f  t h i s  f o r  v i r us  i nf ec t i on .   So  al l  t hes e  v i r uses

wor k ,  t hey ’ r e a l l  i n f ec t i ous,  bu t  t hey  b i nd  t o  t he c or ecep t or

wi t h  d i f f er en t  af f i n i t y .   I f  you  t ake  t hese  v i r uses  and  as k,

wel l ,  how much  T20  does  i t  t ake  t o  k i l l  t he  v i r us ,  y ou f i nd

t ha t  t he s i ngl e  ami no ac i d  changes i n  gp120 ,  wh i c h  i s  wel l

r emoved  f r om t he T20  ( uni n t e l l i g i bl e )  i n  gp41,  c an i mpact  T20

s ens i t i v i t y  by  a hundr edf o l d ,  by  t wo o r der s  o f  magn i t ude.   So

t he  wi l d t y pe v i r us  i s  on  t he r i gh t - hand  s i de  of  t h i s  gr aph .

Then  most  o f  t he mut ant s  t hat  b i nd  t o  r ec ep t or s  l owe r  a f f i ni t y

r equ i r e  l es s  T20 t o i nh i bi t  t he  v i r us .   So her e’ s  an  ex amp l e  of

a  s i ng l e ami no ac i d  changes i n  gp120  can  s i gn i f i can t l y  i mpac t

t he  po t ency  of  a d r ug  t hat  t a r ge t s  gp41.   We  s ee ex act l y  t he
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s ame  r esu l t s  when  we  t ak e t hese  v i r uses  and  as k how much  of  t he

c hemok i ne  r ecep t o r  ant agon i s t  do  we  need  t o  i nh i b i t  membr ane

f us i on .   So wha t ’ s  t he mec han i s m?   We l l ,  i t  t u r ns  out  t he

mec han i s m has  t o  do wi t h  t he  k i ne t i c s  of  membr ane f us i on ,  wh i ch

we c an  meas ur e  us i ng  a f l uo r es c en t  as s ay  dev el oped  by  Mi k e

Mi l l er  a t  Mer c k .   And  s o  i n  t h i s  ass ay ,  y ou  t ak e  t he c el l s  t hat

y ou  wan t  t o  i n f ec t  and y ou  l oad  t hem wi t h  a  f l uo r es cen t  dy e

t ha t  f l uor esc es g r een ,  s o y ou’ v e got  a  bunc h  o f  gr een  ce l l s .

You  t hen  t ake  t he  v i r us  and  i nc or por a t e i nt o  i t  an  enz yme

c al l ed  bet a - l ac t amas e .   When  t he v i r us  ge t s  i n t o  t he c el l ,

wi t h i n  s ev e r a l  mi nut es  t he  l ac t amase  c l eaves  t he  f l uo r es c ent

dye ,  s o  now i t  g l ows  bl ue i ns t ead .   So  y ou c an  do t hi s  t y pe o f

ass ay i n  a  96 - we l l  p l at e  i n  a f l uo r i me t e r  and wa t c h  t he r a t e

and  ex t ent  t o  wh i c h y ou r  c e l l s  go  f r om g r een  t o  bl ue,  and

t ha t ’ s  a  good  meas ur e  o f  t he  r a t e  of  v i r us  ent r y .   And  i f  you

do t ha t  wi t h t he  mut ant s  t ha t  I  s howed  y ou,  you  see  t hat  t he

wi l d  t y pe v i r us ,  whi c h r equ i r ed  mor e  d r ug  t o  be  i nh i b i t ed ,

f us ed mor e  qu i ck l y .   Tha t ’ s  t he  l i ne  t o t he  f u r t hes t  l ef t ,  t he

dar k  b l ue l i ne .   And  t he  v a r i ous a r r ay  o f  mu t an t s  t ha t  we  hav e

f us e  now a t  d i f f e r en t  r a t es .   They  t y p i c a l l y  f us e mor e  s l owl y .

So when  you  r educ e  r ecep t o r  af f i n i t y ,  you  r educ e  t he f us i on,

y ou  gi v e  T20 a  l onge r  pe r i od  o f  t i me  i n whi c h t o  wo r k .   Anot her

f ac t or  t ha t  i mpac t s  ent r y  i nhi b i t o r  s ens i t i v i t y  i s  chemok i ne

r ec ept o r  ex pr ess i on.   So  mos t  o f  y ou  her e  have  bet ween  50 , 000

and  70 , 000  cop i es  of  CD4  on  t he  s u r f ac e o f  y ou r  T c el l s ,  but



International AIDS Society
2nd IAS Conference on HIV Pathogenesis and Treatment
7/16/03

1 kaisernetwork.org makes every effort to ensure the accuracy of written transcripts, but due to the nature of transcribing recorded
material and the deadlines involved, they may contain errors or incomplete content.  We apologize for any inaccuracies.

19

t hey ’ r e  no t  a  CCR5  ( uni n t e l l i g i bl e )  be  ex pr ess i ng y ou r  T c el l s

wi l l  v a r y  by  a t  l as t  a l og ,  r egar d l es s  o f  whet he r  y ou  hav e  t he

del t a- 32  po l y mor ph i s m o r  no t .   So  t o  l ook  a t  t he  e f f ec t s  o f

CCR5  ex p r es s i on l eve l s ,  we  t ook  a  ce l l  l i ne  t ha t  had an

i nduc i b l e p r omot e r ,  and  so  we hav e  c e l l s  t ha t  ex pr ess ed 10 , 000

o r  50, 000 o r  90, 000 c op i es  o f  CCR5 ,  s hown  i n  t he  d i f f e r en t

c ol o r ed  ba r s  her e .   And  t hen  we  i n f ec t  t hes e  c e l l s  wi t h HI V and

ask  how muc h d r ug  do  we  need  t o  i nhi b i t .   And what  we  f i nd  i s

t ha t  i f  you  have  mor e  CCR5 ,  shown  i n  t he  r ed ,  y ou need  mor e T20

and  mor e  c o r ec ep t o r  ant agon i s t  t o  i nh i bi t  t he v i r us .   So  her e

t he  v i r us  i s  t he  s ame .   The  ce l l s  ar e  t he  s ame .   The onl y

v ar i ab l e  i s  t he amoun t  o f  CCR5  on  t hos e c el l s ,  and  t ha t  i mpac t s

d r ug  s ens i t i v i t y .   And aga i n - - I  want  t o s how t he  da t a - - t h i s

a f f ec t s  f us i on  k i net i cs .   So  i f  y ou have  hi gh l eve l s  o f

r ec ept o r ,  t he  v i r us  f us es mor e  qu i ck l y ,  T20  has  a s ho r t e r

per i od  o f  t i me  i n  wh i ch  t o  wor k .   So  t o put  i t  t oge t he r ,  T20

wor k s  du r i ng t hi s  k i net i c  wi ndow t ha t ’ s  opened  by CD4  bi nd i ng

and  c l os ed  by  co r ecep t o r  engagemen t ,  and  f ac t o r s  t hat  sho r t en

t he  pe r i od  of  t i me  t hat  t ha t  wi ndow i s  open  i nc r eas e t he  amount

o f  T20  needed  t o  i nh i bi t  t he  v i r us ,  p r obabl y  bec aus e i t  has a

s ho r t e r  pe r i od  o f  t i me i n wh i c h  t o  b i nd.   Fact o r s  t ha t  r educ e

t he  r a t e  o f  membr ane  f us i on  wi l l  mak e  HI V mor e  s ens i t i ve  t o

c er t ai n  t y pes  of  ent r y  i nh i b i t o r s  suc h  as  T20.   The r e  ar e  some

pr ac t i c a l  i mp l i c a t i ons ass oc i a t ed  wi t h  t h i s  t ha t  have  t o  do

wi t h  c ombi nat i on  c hemot her apy,  and  I  t hi nk  t ha t  under s t and i ng
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t he  mec han i sm of  v i r us  ent r y  p r ov i des  a v er y  good t heo r e t i ca l

bas i s  f o r  des i gn i ng new c l i n i c a l  t r i a l s ,  and  t hose  co r ec ep t o r

ant agon i s t s  a r e us ed  i n  comb i na t i on wi t h  f us i on  i nh i b i t o r s  wi t h

t hi s  T20 ,  bec aus e  wha t  t he  c or ecep t o r  an t agoni s t s  do,  t hey

bas i ca l l y  r educe  c hemok i ne  r ec ept o r  ex pr ess i on  l ev e l s  on  t he

s ur f ac e  of  ce l l s .   Now,  CD4  bi ndi ng wi l l  oc c ur  a t  t he  same

r at e ,  because  you ’ r e  no t  a f f ec t i ng  CD4  l eve l s  by  us i ng  t he

c or ecep t or  an t agon i s t .   When  y ou r educ e c or ecep t or  l ev el s ,  i t

t ak es enve l ope  p r o t e i n t r i me r s  t hen a  l onge r  pe r i od  o f  t i me t o

b i nd  a  s uf f i c i en t  number  o f  co r ec ept o r s  t o c aus e  membr ane

f us i on ,  so ,  as  a  r es u l t ,  t he  T20 b i nd i ng  s i t e i s  ex pos ed  f or  a

l onger  per i od  of  t i me .   So  y ou  wou l d  ant i c i pat e ,  and i t  t u r ns

out  t o  be t r ue  i n  v i t r o ,  t ha t  t he  us e  of  co r ec ep t o r  an t agoni s t s

and  T20  r es ul t  i n  sy ner g i s t i c  i nh i bi t i ons  o f  HI V.   And  I  t hi nk

t he  mec han i sm has  t o  do  wi t h  t he r at es  o f  membr ane  f us i on .   You

s l ow f us i on  down ,  T20  wo r k s  be t t e r .   So we ant i c i pa t e  t ha t

t he r e’ l l  be  a  good  r eas on t o  us e T20  and  co r ec ep t o r  an t agoni s t s

i n c omb i na t i ons i n  c l i n i ca l  t r i al s  when t he  co r ecep t o r

ant agon i s t s  r eac h  t he  po i n t  i n  dev el opmen t  whe r e  t hat  can  be

c on t emp l at ed.   I t  al s o s uggest s  t hat  pat i en t s  wi t h  l ower  l ev e l s

o f  CCR5 ,  f o r  wha t eve r  r eas on ,  may  r es pond  be t t e r  t o  en t r y

i nh i bi t o r s  suc h as  T20 and  c or ecep t o r  an t agoni s t s  t han

i nd i v i dual s  who ex pr ess  hi gh  l eve l s  o f  c hemoki ne  r ecep t o r s .

Thi s  i s  at  l east  t es t ab l e,  and  i t ’ s  s ome t hi ng,  I  t h i nk ,  t hat

s hou l d  be l ook ed  a t .   So  t o  pu t  i t  t oget her ,  HI V en t r y  a r i ses
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when  s equen t i a l  i n t e r ac t i ons  be t ween  t he  env el ope p r o t ei n  and  T

c el l  s u r f ac e r ec ep t o r s  t ha t  i nduc e  a  s er i es  of  c on f or mat i ona l

c hanges ,  each  of  whi c h r es u l t  i n a t  l eas t  a  t r ans i ent  ex posu r e

o f  h i gh l y  c ons er v ed r eg i ons  and  enve l ope  pr o t e i ns  t ha t  a r e

o t he r wi s e s eques t e r ed  and t hat  pl ay  i mpo r t an t  r o l es  i n  membr ane

f us i on .   Br i s t ol - Mye r s  Squ i bb has  a s mal l  mo l ec u l e - - a  pape r

des c r i b i ng  i t  t ha t ’ s  t o  be  pub l i s hed  s oon - - t ha t  bi nds  t o  gp120

and  bl oc ks  CD4  b i ndi ng.   The r e  ar e  a  number  of  c or ecep t o r

ant agon i s t s  t hat  i nh i bi t  i n t er ac t i ons  be t ween enve l ope  and

e i t her  CCR5  and CXCR4  t hat  a r e  i n  c l i n i c a l  dev e l opmen t .   And

t he r e a r e s ev e r a l  f us i on  i nh i b i t o r s  t hat  t hen b l oc k  t he f i na l

s t ep—t he  f o r ma t i on  o f  s i x - he l i x  bund l es .   So ,  I  t h i nk ,  f r om

ask i ng  a  v e r y  bas i c  ques t i on ,  how does  HI V go f r om ou t s i de  a

c el l  t o  i ns i de  a  c el l ,  t hi s  has  p r ov i ded  i mpor t ant  i n f or ma t i on

not  j us t  abou t  v i r al  t r opi s m and v i r a l  pat hogenes i s ,  bu t  i t ’ s

hel ped  l ead  t o  t he  i den t i f i c at i on  of  ent r y  i nhi b i t o r s .   And I

t hi nk  i t ’ s  ou r  j ob  now t o us e t hi s  bas i c  i n f or ma t i on t o l ear n

how t o  use  t hese  ent r y  i nh i b i t o r s  i n  t he  mos t  e f f ec t i ve  way

pos s i b l e .   So  I ’ d  l i k e t o ac knowl edge  i n  pa r t i c u l a r  J ack i e

Reev es ,  a pos t doc  i n  my  l ab ,  who,  wi t h  ou r  t eam of  t ec hn i c i ans,

bas i ca l l y  does  a l l  o f  ou r  wo r k  on  en t r y  i nh i bi t o r s ;  ou r

c ol l eagues  i n  t he  i ndus t r y ,  Tr i ma r i s  and  Ti k at a  ( mi ss pel l ed? )

i n par t i cu l ar ,  f o r  p r ov i di ng  us  wi t h  t he i r  ent r y  i nhi b i t o r s

t ha t  we ’ ve  been ab l e  t o  us e  i n  ou r  bas i c  s t udi es .   And  ou r  wo r k

has  been  made  pos s i b l e by  f und i ng  by  NI H,  by  Uba r i s
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( mi s spe l l ed?)  We l c ome  Fund ,  and  by  t he  El i z abe t h  Gl as e r

Ped i at r i c  AI DS Founda t i on.   Thank s  v e r y  muc h .

J EAN- FRANCOI S DELFRAI SSY:   Thank  you ,  Bob .   J us t  an

announc emen t .   Pl eas e  don’ t  f o r ge t  t o  s i gn t he  Dec l ar a t i on  o f

Sc i ent i s t s  and  Phy s i c i ans ( uni n t e l l i g i bl e ) .   Th i s  mor n i ng  we

obt a i ned  2 , 000  ( un i n t el l i g i b l e )  s i gna t ur es .   You  must  gi v e  y our

s i gned  dec l ar a t i on  t o  t he s t af f  wi t h  a  r ed ( un i n t e l l i g i b l e )

bef o r e  3 : 00  p . m.   Thank s  a  l ot .   Doug .

DOUGLAS RI CHMAN:   Thank  y ou .   Good  mor ni ng.   Ou r  next

s peake r  i s  Pe t er  Ri c e .   Pe t e r  i s  Ass oc i a t e  Pr of ess o r  of

Med i c i ne  a t  t he Ac ademi c  Med i c a l  Cen t e r  a t  t he  Uni v er s i t y  of

Ams t er dam.   He  s e r ves  as  Deput y  Di r ec t or  of  t he  Du t ch  Na t i ona l

AI DS The r apy Eva l uat i on  Cen t er .   Pet e r  i s  Boar d  ce r t i f i ed  i n

I nt e r na l  Medi c i ne  wi t h a  s ubspec i a l t y  i n  I n f ec t i ous  Di seas e.

He s er v ed on s ev e r al  Eu r opean and  U. S.  c ommi t t ees,  r ev i ewi ng

nat i ona l  c l i n i ca l  t r i al s  p r ogr ams ,  i nc l ud i ng  t he  ANRS and  t he

ACTG.   He’ s  a  member  of  a number  o f  ex pe r t  c ommi t t ees  t ha t  a r e

adv i s i ng  on  oppo r t un i s t i c  i nf ec t i ons and  compl i ca t i ons of

t he r apy .   I n  addi t i on  t o  be i ng a  s c ho l ar ,  Pe t e r  i s  a  t r ue

gen t l eman .   Pe t er ,  i t ’ s  t i me f o r  y our  t a l k .   And hi s  t a l k  wi l l

be on mec han i s ms and  management  of  me t abo l i c  c omp l i c at i ons

ass oc i a t ed wi t h  h i gh l y  ac t i ve  ant i r e t r ov i r a l  t he r apy .

PETER REI S:   And  l e t  me  a l so  s t a r t  by  t hank i ng  t he

o r gani z e r s  and  t he  s c i en t i f i c  c ommi t t ee f or  gi v i ng  me  t he

oppo r t un i t y  t o  p r esen t  t o y ou.   Today ,  I ’ m t o t a l k  on  met abo l i c
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c omp l i c at i ons.   We’ v e  k nown  f o r  qu i t e  s ome t i me  now t hat ,  i n

f ac t ,  bo t h  ex pos u r e t o nuc l eos i de  ana l ogs  and p r ot eas e

i nh i bi t o r s  con t r i but e  t he onse t  o f  abe r r ant  f a t  di s t r i bu t i on  as

we s ee  i t  i n many  of  ou r  pa t i en t s .   And t he  ev i denc e f or  t hi s

c omes f r om a number  o f  s t ud i es ,  i nc l ud i ng  bo t h  obs e r v a t i onal

s t ud i es  and  c l i n i c al  t r i al s .   One  obs e r v a t i ona l  s t udy  pe r f or med

by Si mon  Ma l l e l a  ( mi s spe l l ed?)  and  c o l l eagues i n  West e r n

Aus t r a l i a and  t he  Wes t e r n Aust r al i an  c oho r t  showed  t ha t  t he

r i s k  o f  l i pody st r ophy  was mar k edl y  i nc r eased  i n  pa t i en t s

exposed  s i mul t aneous l y  t o nuc l eos i des  and  p r ot ease  i nh i b i t or s ,

i n t he  r ed  l i ne,  as  opposed  t o  pa t i en t s  exposed  j us t  t o

nuc l eos i des ,  i n t he y el l ow dot t ed  l i ne .   Si mi l a r l y ,  i n  one  o f

our  own  s t udi es  pe r f o r med i n  t he Net he r l ands  and  Be l g i um,  t he

Pr omes eus ( mi s spe l l ed?)  St udy,  we  showed  t ha t  pa t i ent s

s i mu l t aneous l y  ex pos ed t o bo t h  c l ass es  o f  d r ugs ,  i n  t he o r ange

l i ne  aga i n ,  had a  hi ghe r  r i s k  o f  dev e l op i ng l i pody s t r ophy  t han

t hos e ex pos ed ,  i n  t h i s  c as e ,  t o  j us t  p r o t eas e i nhi b i t o r s ,  i n

t he  bl ue  l i ne .   I f  we  t hen  t ur n  t o  t he  mechani s ms t ha t  hav e

been  s ugges t ed  by  wh i ch  pr o t eas e i nh i b i t o r s  may  be  de t r i ment a l

t o adi pocy t es ,  ad i poc yt es  s c hemat i ca l l y  s hown he r e ,  t he

f ol l owi ng ev i denc e  has appea r ed .   Fi r s t  o f  a l l ,  pr o t ease

i nh i bi t o r s  may  i n t er f er e  wi t h t he  va r i ous  t r ans c r i p t i on f ac t o r s

s uc h  as  SREBP1 ,  wh i c h  a r e i nvo l ved  i n  t he  no r ma l

d i f f er en t i a t i on o f  ad i pocy t es ,  t he r eby  i nhi b i t i ng

d i f f er en t i a t i on.   Sec ond  o f  al l ,  p r o t eas e  i nhi b i t o r s  hav e  been
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s hown t o  i n t e r f e r e  wi t h  t he  no r ma l  s ens i t i v i t y  o f  c el l s  t o  t he

act i on  o f  i ns u l i n ,  wh i c h ,  i n  t h i s  cas e ,  wi l l  l ead t o an

i nc r eas ed act i v i t y  o f  t he enzy me hor mone - sens i t i ve  l i pas e ,

whi c h i s  c r uc i al  i n r egu l a t i ng  t he  b r eak down  o f  s t o r ed  f a t ,

r es u l t i ng,  i n  t h i s  c ase ,  i n  i nc r eased  ac t i v i t y  and  i nc r eas ed

b r eakdown o f  f at  c al l ed  l i po l y s i s .   Th i r d  o f  a l l ,  i ns u l i n  al s o

p r omot es  t he upt ak e o f  g l uc ose  i n t o t he c el l  by  ac t i v a t i ng  a

r ec ept o r  c a l l ed g l ut - 4,  and  pr o t ease  i nh i bi t or s  i nh i b i t  t h i s

p r oc es s ,  t her eby i nh i bi t i ng  t he  up t ak e  o f  g l ucos e,  wh i c h may

r educe  t he  av a i l ab i l i t y  of  g l y c er o l  f o r  s yn t hes i s  o f

t r i g l y c e r i des ,  and  t her eby  dec r eas e t he  pos s i b i l i t y  o f

l i pogenes i s  o r  f a t  bu i l dup .   I t  i s ,  howev er ,  quest i onabl e

whe t he r  t h i s  mec hani s m wi l l  be  ve r y  i mpo r t an t  i n  v i vo .   So ,

t oge t he r ,  a l l  of  t hi s  wi l l  r es u l t  i n  a  r educ ed  amount  of  f at

v ol ume .   I n  addi t i on  t o  t he  mec han i s ms  I ’ ve  j us t  a l l uded  t o,

p r o t eas e  i nhi b i t o r s  hav e  a l s o been  s hown  t o  s t i mul a t e  t he

p r oduc t i on  of  ce r t ai n  p r oi n f l ammat or y  cy t ok i nes  suc h as  TNF-

a l pha and I L6 ,  p r obab l y  no t  on l y  by  ad i pocy t es  t hemse l ves ,  bu t

a l s o  mononuc l ear  c el l s  i nt e r spe r s ed wi t h i n t he  adi pos e  t i s sue ,

and  t hes e g i v e  r i s e t o apop t os i s  ( mi s s pe l l ed?) ,  wh i ch  aga i n

c on t r i bu t es  t o  t he  l oss  of  f at .   I t ’ s  i mpor t an t  t o  r emember ,

t hough ,  t ha t  when  we  di s cus s  p r ot eas e  i nh i b i t o r s ,  we s ome t i mes

t end  t o  l ook a t  t hem as  al l  be i ng  equa l  and  be l ong i ng  t o  t he

s ame  c l ass ,  bu t  I  t h i nk  i t ’ s  v e r y  i mpo r t ant  t o  not i ce  t ha t

t he r e may be mar k ed d i f f er ences  i n  t he  mechani s ms I  j us t



International AIDS Society
2nd IAS Conference on HIV Pathogenesis and Treatment
7/16/03

1 kaisernetwork.org makes every effort to ensure the accuracy of written transcripts, but due to the nature of transcribing recorded
material and the deadlines involved, they may contain errors or incomplete content.  We apologize for any inaccuracies.

25

des c r i bed bet ween  t he  v a r i ous d r ugs,  and  t h i s  i s  s ome t hi ng  t hat

I  won’ t  go  i n t o,  but  I ’ m s u r e wi l l  be  di s cus sed  i n  t he  nex t

s es s i on ,  bo t h  by  J ac que l i ne  Capeau  ( mi ss pel l ed? )  and Mau r een

Chamber l ai n  ( mi s s pel l ed? )  i n  v i t r o  and  i n  v i vo .   So  I ’ ve  s hown

y ou  t ha t  t her e  i s  r es i s t anc e  t o  t he e f f ec t  o f  i nsu l i n  at  t he

l ev e l  o f  ad i pose  t i s s ue .   Bu t  i n add i t i on  t o  t ha t ,  we  and

o t he r s  hav e  s hown  t ha t  t he r e  i s  a l so  i ns u l i n  r es i s t anc e a t  t he

l ev e l  o f  t he l i v e r  and a t  t he l ev e l  o f  s k el e t a l  mus c l e .   And ,

i n f ac t ,  i n  t he l i ve r ,  des p i t e  t he  p r esence  of  i ns u l i n ,  g l uc ose

p r oduc t i on  r emai ns  e l ev a t ed ,  t her e  i s  i nc r eased  hepat oce l l ul a r

( un i nt e l l i g i b l e) .   And s i mi l ar l y ,  at  t he  l ev el  o f  t he  mus c l e ,

t he r e i s  dec r eas ed  up t ak e o f  g l uc os e ,  dec r eased  g l uc ose

met abo l i sm i n t r ac e l l u l a r l y ,  and  agai n ,  bu i l d  up  of  f a t .   And

bot h  o f  t hese  pr oc es s es  con t r i but e  t o  t he  onse t  of  hi gh b l ood

s uga r  l eve l s  o r  hy pe r gl y cemi a,  wh i ch  i n s ome  pa t i en t s  may  l ead

t o ove r t  d i abe t es .   So I ’ v e  shown  you  t ha t  t he  r es i s t anc e  of

t he  l ev e l  o f  t he  f at  ce l l  l eads  t o  i nabi l i t y  t o  s t o r e  f a t .   I n

add i t i on ,  t he r e i s  an  uncon t r o l l ed  r e l eas e o f  f r ee  f a t t y  ac i ds ,

and  we  k now t hat  f r ee  f a t t y  ac i ds  en t e r i ng t he  c i r c ul a t i on  wi l l

p r omot e  i ns ul i n r es i s t ance  i n t hes e t wo o r gan s y s t ems .   I n

add i t i on  t o  t h i s ,  f a t  c e l l s  may  p r oduc e l es s  o f  ce r t a i n

hor mones ,  s uc h  as  ad i ponec t i n,  and  ad i ponec t i n  i t s e l f  has  an

i ns u l i n  sens i t i z i ng ac t i v i t y ,  s o r educ ed  l ev el s  wou l d  aga i n

p r omot e  t he  i nsu l i n r es i s t ance  i n  ot he r  o r gan s y s t ems .   Th i s

has  been  demonst r a t ed  r ecen t l y  i n  a number  o f  s t ud i es ,
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i nc l ud i ng t hi s  s t udy ,  wh i c h  i s  f r om Fi nl and  by  Sut i ne

( mi s spe l l ed?) and  e t  a l . ,  and  has been  pub l i s hed ,  wh i c h  wi l l

s how t ha t  c ompar i ng pat i en t s  wi t h  hea r t  ( mi s spe l l ed?)  and

l i pody s t r ophy  t o  t hos e wi t hout  l i pody s t r ophy ,  t hos e  wi t h

l i pody s t r ophy  had  l ower  se r um l ev e l s  o f  adi ponec t i n ,  and  a l s o

i n b i ops i es - - i n f a t  b i ops i es ,  had  l owe r  exp r es s i on  of

adi ponec t i n ,  Mes s enge r ,  RNA.   They  we r e a l s o  ab l e t o s how a

c or r el a t i on  be t ween bot h  s e r um ad i ponect i n and  adi ponect i n ,

Mes s enge r ,  RNA ex p r es s i on,  and  t he  amoun t  o f  l i v er  f a t ,

s ugges t i ng  i ns ul i n  r es i s t anc e a t  t he  l ev e l  o f  t he l i v e r .   I n

add i t i on  t o  t h i s ,  a g r oup f r om Denmar k ,  a t  a  r ec en t  meet i ng i n

t he  St a t es ,  s howed  t hat  t hey  a l so  showed  s i mi l a r  f i nd i ngs  bu t

a l s o  s howed  t hat  t he r e was  a  c o r r e l a t i on  be t ween  t he r educ ed

exp r es s i on  of  ad i ponect i n and i ns u l i n  r es i s t anc e  a t  t he l eve l

o f  s ke l e t a l  musc l e ,  as  demonst r at ed by  t he Cl amp  ( mi s s pe l l ed? )

St udy.   I n  add i t i on t o t hes e  e f f ec t s ,  we  al s o have  l ea r ned  t hat

p r o t eas e  i nhi b i t o r s  may  di r ec t l y  p r omo t e  t he  ons et  of

dys l i p i demi a,  and  t he  ma i n  mec han i sm s ugges t ed ,  al t hough  t he r e

i s  s ome  unc er t ai n t y ,  i s  t ha t  p r ot eas e  i nh i b i t o r s  may p r omo t e

t he  pr oduc t i on  and  s ecr e t i on  o f  t he LDL t r i g l y c e r i de by  t he

l i v e r .   I n  add i t i on t o t hi s ,  t he e f f ec t  s hown on  t he l ef t ,

whi c h I ’ ve  t a l ked  about  wi t h  y ou j us t  i n  t he  p r ev i ous  s l i de,

whe r e t her e ’ s  i ns u l i n  r es i s t anc e a t  t he l ev e l  o f  f a t  c el l s ,

wi l l  p r omo t e t he  f r ee  f a t t y  ac i ds  en t e r i ng t he  c i r c ul a t i on ,  and

i t  i s  k nown  t hat  f r ee  f a t t y  ac i ds  i n  t he  c i r cu l a t i on r eac h i ng
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t he  l i v e r  wi l l  a l s o p r omot e  t h i s  p r oc es s .   Onc e  you  have  h i gher

l ev e l s  o f  t he  LDL  t r i gl y ce r i des ,  when  t hese  pa r t i c l es  i n  p l as ma

c ol l i de  wi t h HDL  l i popr o t e i ns ,  t he  nex t  c hange  o f  t r i g l y c e r i des

f r om he r e t o her e  appea r s  and o f  c ho l es t e r o l  es t er s  f r om HDL  t o

VLDL .   And  a s i mi l ar  p r oc es s  appea r s  he r e .   And a l l  of  t hi s  i s

med i at ed  by  t he enzy me CuTp .   Wha t  t hen happens  i s  t ha t  t he HDL

t r i g l y c e r i de and  t he  LDL  t r i gl y ce r i de  may  be  hy d r o l yz ed by  t he

act i v i t y  o f  t hes e  t wo  enzy mes;  i n  t he  cas e o f  HDL,  l eadi ng  t o

HDL  pa r t i c l es  sheddi ng t he i r  ma j o r  p r o t e i n,  apo l i popr o t e i n  A1 ,

whi c h i s  t hen  deg r aded by k i dney t ubu l ar  ce l l s ;  and  i n  t he  c ase

o f  LDL ,  i t  l eads  t o t he  f o r mat i on  of  s ev e r a l  s ma l l ,  dens e  LDL

par t i c l es .   And t hes e  p r oc es s es ,  i n f ac t ,  l ead  t o  a  l i pop r o t ei n

p r o f i l e ,  wh i ch  al l  t h r ough  t he v ar i ous  mec han i s ms  ou t l i ned

her e ,  hav e a  p r oa t he r ogeni c  p r oper t y  and  t he r eby con t r i bu t es  t o

t he  r i s k  of  i nc r eased  a t he r os c l e r os i s .   I n add i t i on  t o  t h i s ,  we

k now t hat  i ns u l i n  r es i s t anc e  and  a l so  ( uni n t e l l i g i bl e )

d i s t r i but i on ,  bot h  l i poa t r ophy and  abnor mal  ga i n of  f a t  wi l l

a l s o  c ont r i but e  t o  t h i s  i nc r eas ed r i s k .   Wha t  i s  muc h l es s

c l ea r  and  needs  f u r t her  i nv es t i gat i on ,  I  t h i nk ,  i s  t o  wha t

ext ent  HI V i n f ec t i on i t s e l f  and  t he pos s i b l e  consequenc es o f

c aus i ng  c hr oni c  v asc u l a r  wa l l  i n f l ammat i on may  cont r i bu t e  t o

t hi s  r i sk ,  and  how t h i s  r i s k  may  agai n  be  modu l at ed  by

p r ov i d i ng  an t i - HI V t her apy .   An  i n t er es t i ng  s t udy pr esen t ed

r ec ent l y  by  Dr ess man  ( mi s spe l l ed?)  and  c o l l eagues  i n  a  neu r i ne

mode l ,  so  t h i s  i s  i n  an i ma l s ,  s howed t ha t ,  i n f ac t ,  p r o t eas e
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i nh i bi t o r s —sev er a l  p r o t eas e  i nhi b i t o r s ,  l i s t ed  on t he  bo t t om o f

t hi s  s l i de,  may  c ont r i bu t e  t o  a t he r ogenes i s  i n  ( uni n t e l l i g i bl e )

o f  t he i r  ef f ec t s  on p l as ma  l i pi ds .   What  t hey s howed  i s  t hat

when  g i v i ng—pr ov i d i ng  t hes e  ani mal s  wi t h  l ower  doses  o f  each  of

t hes e d r ugs ,  s hown  i n  t he l ef t - hand  ba r s ,  t hey  coul d  s t i l l  s how

t he  pr omo t i on o f  a t he r ogenes i s  i n t he  ao r t a  i n  t hes e  an i ma l s ,

des p i t e  t he  f ac t  t ha t  p l as ma l i p i ds  we r e  no r ma l .   And t hey  have

p r ov i ded,  I  t h i nk ,  f a i r l y  conv i nc i ng ev i denc e  t ha t  a t  l east  i n

t hes e ani ma l s ,  t h i s  i s  p r omot ed  by  an  up r egu l a t i on o f  t he  ce l l

c al l ed  CD- 36  r ecep t o r  on  macr ophages,  and  t h i s  r ecep t o r  i s

i nv o l v ed i n  t he  up t ak e o f  ox i di z ed  LDL ,  and  ox i di zed  LDL upt ake

i nt o  t hes e c el l s  i s  r ea l l y  one o f  t he  f i r s t  s t eps  t owa r ds

a t he r ogenes i s .   Howev er ,  i t ’ s  ques t i onab l e whe t he r  any  o f  t hes e

e f f ec t s  may  al s o be ac t i ve  i n  ou r  pat i en t s ,  and  t hi s  i s

s ome t h i ng wh i ch  needs  f u r t her  i nv es t i gat i on .   I f  we now t u r n

our  at t en t i on t o t he  ( uni n t e l l i g i bl e )  wh i ch  nuc l eos i de  ana l ogs

may  be  de t r i men t a l  f o r  adi poc yt es ,  t he  ma i n  mec han i s m wh i ch  has

been  s ugges t ed  i s  t ha t  nuc l eos i de ana l ogs  may p r omo t e

mi t ochondr i al  DNA depl et i on  i n  t hese  ad i pocy t es ,  t her eby

l ead i ng  t o mi t ochondr i al  dy s f unct i on ,  l ead i ng  t o  a  r educ ed

s cav ag i ng  o f  r eac t i v e  ox ygen spec i es ,  wh i ch  wi l l  domi na t e  t he

mi t ochondr i a mor e ( uni n t e l l i g i bl e ) ,  i t  wi l l  l ead  t o  l eakage o f

c er t ai n  c omponent s ,  and  t hese  c omponen t s  wi l l  i nduc e  t he

apop t o t i c  pa t hway .   I n add i t i on ,  a t  a  l a t er  s t age ,  t he r e may  be

r educed  ATP p r oduc t i on ,  and as  ATP i n  ad i pocy t es  i s  ma i n l y  used
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f or  t r i g l y c e r i de v i r a l  s y nt hes i s ,  t hi s  i s  r educ ed and

l i pogenes i s  i s  r educ ed as we l l .   And  aga i n,  t h i s  wi l l

c on t r i bu t e  t o  t he  ons et  of  l i poat r ophy  o r  may c ont r i bu t e  t o t he

ons e t  o f  l i poa t r ophy .   Aga i n ,  I ’ d  l i k e  t o  r e i t e r at e  t hat  j us t

as  f or  p r o t eas e i nhi b i t o r s ,  no t  a l l  nuc l eos i de  ana l ogs  a r e

equa l  i n  t h i s  r es pec t .   And  t h i s  has  been  demons t r a t ed  v e r y

e l egan t l y  i n an obse r va t i ona l  s t udy,  aga i n i n t he Wes t er n

Aus t r a l i a c oho r t  by  Mal l el a  and  c o l l eagues,  who  showed  t ha t  i n

naï v e pa t i ent s ,  c ommenc i ng  t r ea t ment  wi t h  e i t he r  D14 o r  a

z i dovud i ne - con t a i n i ng  r egi men,  and  l ook i ng a t  pa t i ent s  ov e r

t i me ,  ex ami ni ng t hei r  l y mph  f a t  by  dex os c ann i ng ,  t hey  cou l d

s how t ha t  t he r e was a  g r adua l  l os s  o f  l y mph  f a t  ov e r  t i me ,

whi c h,  i n f ac t ,  was a  v e r y  ear l y  ons e t  and t hen  a g r adua l

p r og r es s i on  ov er  t i me .   And  as  you  c an  s ee on t h i s  s l i de ,  t h i s

was  mor e  s eve r e wi t h  D14  t han wi t h  z i dov udi ne- c ont a i n i ng

r eg i mens .   And  s i mi l a r l y ,  i n  t he met abol i c  s ubs t udy  o f  t he  ACTG

384  t r i a l ,  Dubet  ( mi s spe l l ed?)  showed  t ha t  pat i ent s  ex pos ed t o

t he  DDI  ( mi ss pel l ed? )  D14- c ont a i n i ng  r eg i men ,  i n  t he y el l ow

c ur v e,  wer e  mor e  l i k e l y  t o  l os e  t hei r  l y mph  f a t  t han pat i ent s

exposed  t o  a z i dov ud i ne  3TC- con t a i ni ng  t he r apy .   I t  i s ,

howeve r ,  i mpo r t an t  t o  no t i c e  t hat  al t hough t he  e f f ec t  was  l es s

i n t he  z i dovud i ne - con t a i ni ng  a r ms ,  i t  was  s t i l l  pr esen t ,  and  a

g r adua l ,  a l t hough  s l owe r ,  l oss  of  f a t  appea r ed .   St ud i es  s uc h

as t hes e  and o t he r  s t ud i es  c on t r i but ed  t o  t he po t en t i a l  o f

l ook i ng  at  i n t er v ent i ons  whe r e  ce r t a i n  nuc l eos i des ,  s uch  as  D14
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and  AZT,  we r e  r ep l ac ed i n a  r andom f as hi on by  nuc l eos i des

whi c h,  t heo r e t i c a l l y  and  f r om i n v i t r o  da t a ,  we r e l es s

mi t ochondr i al  t ox i c ,  suc h as  abac av i r .   And  t h i s  i s  one o f

t hes e s t ud i es ,  t he  Mi t ox  ( mi ss pel l ed? )  s t udy ,  pe r f o r med by

And r ew Car r  and c o l l eagues  i n Sydney ,  whe r e  t hey  i n i t i al l y

r epo r t ed  i n  a  r andomi zed  phase ,  wher e  pa t i en t s  wer e  e i t he r

r andomi z ed  t o  swi t ch  t o  abac av i r  o r  t o  r ema i n ( uni n t e l l i g i bl e )

D14  and  AZT,  and  i t ’ s  i mpo r t an t  t o  no t e t ha t  mos t  o f  t he

pat i en t s  i n  t he s t udy  we r e  on t he  D14  r a t he r  t han an AZT-

c on t ai n i ng  r eg i men .   I n  t he  f i r s t  6 mont hs,  and  t he  r esu l t s

wer e  pub l i s hed  i n  JAMA l as t  yea r ,  t hey  s howed t hat  t he r e  was  a

s i gn i f i c an t ,  a l t hough  no t  v e r y  mar ked ,  i ncr eas e  i n  pe r i phe r a l

l ymph f a t  i n t hos e  who s wi t c hed  t o  abacav i r  ve r s us  t hose  who

c on t i nued t he i r  t r ea t men t .   Howev e r ,  l as t  week ,  at  t he

l i pody s t r ophy  wo r k shop hel d  he r e i n Pa r i s ,  And r ew Car r

p r es en t ed dat a  a f t er  2 y ea r s  f o l l ow- up ,  and  as  y ou  can  s ee—t h i s

was n ’ t  my doi ng.   [ mus i c  p l ay i ng]   We ’ l l  wa i t  f o r  a  s econd .   I

t hi nk  i t  was a  n i c e i nt e r l ude now.   What  t hey s howed i s  t hat

a f t e r  2  yea r s ,  and  t h i s  i s  v er y  i mpo r t an t  and i n t e r es t i ng ,  i s

t ha t  t he  r ega i ni ng  l y mph  f a t  i n  f ac t  c on t i nued ,  and  i t  may  now

be r eac h i ng  l eve l s  wh i c h  may  be  c l i n i c al l y  i mpo r t an t ,  al t hough

i t ’ s  i mpor t an t  t o  f i nd out  i f  t he  r ega i n i ng  of  f at ,  i f  y ou  l ook

a t  i t  i n  abso l ut e  t e r ms ,  i s  s t i l l  l e s s  t han  t he  amoun t  o f  f a t

pat i en t s  p r obabl y  l os t  i n t he f i r s t  p l ac e .   Wha t  happened  t o

t he  ot he r  a r m?   To  t he o t he r  a r m,  pa t i en t s  wer e  gi v en  t he
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c ho i ce  o f  e i t her  s wi t ch i ng  t o abac av i r  as  we l l  o r  c on t i nu i ng

t he i r  t r ea t men t ,  and  t he  c u r ve  shows  t he  combi ned a r m.   And

wha t  y ou  s hou l d k now,  what  i s  not  shown i n t he  s l i de,  i s  t ha t

t he  pa t i en t s  who  opt ed t o c ont i nue  t he  D14 ( un i n t e l l i g i b l e )

r ea l l y  had  a f l a t  cu r ve ;  whe r eas,  t he r e was  a r ega i ni ng o f  f a t

s t a r t i ng  i n  t hos e  swi t c hed  t o abac av i r .   Ano t he r  i n t r i gu i ng

pos s i b i l i t y  i s  t ha t  NRTI - i nduc ed mi t oc hondr i al  t ox i c i t y  may

a l s o  pos s i b l y  con t r i but e  t o  i ns ul i n r es i s t ance  a t  t he  l ev e l  o f

s ke l et a l  musc l e.   And  t h i s  i s  c i r c ums t an t i a l  ev i dence  wh i c h

c omes f r om a s t udy  pe r f o r med  i n  peop l e  wi t hout  HI V- - i n  f ac t ,  i n

hea l t hy  peopl e ,  and r ec ent l y  publ i shed  i n  Sc i enc e,  whe r e  a

g r oup o f  e l de r l y  pat i en t s ,  o r  e l de r l y  peopl e ,  I  shoul d  s ay ,  i n

t he i r  ea r l y  70s,  wer e  c ompar ed  t o  a g r oup  o f  y oung  peopl e  i n

t he i r  l a t e  20s ,  who wer e  ma t ched f or  body  c ompos i t i on .   And

wha t  t hese  i nv es t i ga t or s  d i d ,  i s  t hey  as s es s ed  i ns u l i n

r es i s t ance  by  pe r f or mi ng  eug l y c emi c  hy pe r i ns ul i nemi c  c l amps i n

t hos e g r oups,  and  t hey a l s o  as s es s ed  mi t ochond r i al  f unct i on i n

mus c l e  by  per f or mi ng  ( un i n t e l l i gi b l e ) t r os t opy.   Wha t  t hey  f ound

i s  t ha t  t hey,  du r i ng  t he  c l amp  s t udi es ,  t ha t  t he  r a t e  of

per i phe r al  gl ucos e  up t ak e i ndeed was  r educed  i n  t he  e l de r l y

c ompar ed  t o  t he y oung ,  s uggest i ng  i ns u l i n  r es i s t anc e.   As

expect ed ,  t hi s  was  as soc i a t ed wi t h  an  i nc r eased

i nt r amy oce l l u l ar  l i p i d c on t ent  i n  t he  el der l y ,  i n t he i r  musc l e.

And  t hey  c oul d  a l s o demons t r at e  t hat  mi t ochond r i al  ox i da t i ve  as

wel l  as  ( un i n t el l i gi b l e )  r e l at i on  capac i t y  wer e  r educ ed.   They



International AIDS Society
2nd IAS Conference on HIV Pathogenesis and Treatment
7/16/03

1 kaisernetwork.org makes every effort to ensure the accuracy of written transcripts, but due to the nature of transcribing recorded
material and the deadlines involved, they may contain errors or incomplete content.  We apologize for any inaccuracies.

32

a l s o  l ooked  a t  l i pol y s i s ,  and t hey ,  i n  f ac t ,  demons t r a t ed  t ha t

who l e body  l i pol y s i s  as  we l l  as  r egi onal  l i pol y s i s  we r e no t

d i f f er en t  bet ween  t he  g r oups .   And  t he r e f or e ,  t hei r  a r gument  i s

t ha t  i nc r eased  r e l eas e o f  f r ee  f a t t y  ac i ds  i s  no t  c on t r i bu t i ng

t o t hi s  p r oc es s ,  and t hey  sugges t  t hat  i t ’ s ,  i n f ac t ,

mi t ochondr i al  dy s f unc t i on wh i c h  i s  d i r ec t l y  r es pons i b l e f o r  t he

s ke l et a l  musc l e i nc i den t  r es i s t anc e.   They a l s o  go  on  t o  a r gue

t ha t ,  i n  f ac t ,  wi t h age  t he r e may  be  i nc r eas i ng  mi t oc hond r i a l

DNA mu t a t i ons ,  and  t h i s  may  l ead t o mi t oc hondr i a l  dys f unc t i on ,

and  t ha t  may be t he pat hway  t o  i ns ul i n  r es i s t anc e.

Mi t ochondr i al  DNA copy number ,  howev e r ,  i n s ke l e t a l  musc l e

c el l s ,  does  no t  c hange wi t h  age ,  as  s hown  i n  t h i s  s t udy

r ec ent l y  publ i shed  f r om Aus t r a l i a .   Howev er ,  wi t h NRTI s  we  may

s pec ul a t e t ha t  mi t oc hond r i a l  DNA dep l e t i on may  occ u r  i n musc l e

c el l s  and,  i n  add i t i on,  NRTI s ,  as  has  been s hown  by  t he g r oup

o f  Mal l e l a  ( mi ss pe l l ed? ) ,  and t hey  a l s o,  ov e r  t i me ,  wi t h

t r ea t men t ,  i nduc e  mi t oc hond r i a l  DNA mu t a t i ons.   So  bo t h

pat hway s  poss i bl y ,  a l t hough  I  wou l d h i gh l i gh t  t h i s  i s

s pec ul a t i v e ,  may  c on t r i but e  t o  t h i s  p r oc es s .   I t  has bec ome

c l ea r  t hat  t he  po t en t i a l  f o r  e f f ec t i ve  i n t er v ent i on  i s  l i mi t ed ,

bec aus e ,  as  I  ou t l i ned,  va r i ous  d i r ec t  adve r se  e f f ec t s  o f  t he

d r ugs t hat  we  us e ,  o f  l i pi d  and  g l uc os e met abo l i sm,  a r e

r ei n f o r c ed  onc e ( uni n t e l l i g i bl e )  d i s t r i bu t i on i s  es t abl i shed .

And  t h i s  may  ex pl a i n  t he  r e l a t i v e l ac k  o f  s ucc ess  o f

i nt e r v en t i ons ,  wh i ch  ar e  a i med  at  r ev e r s i ng  me t abo l i c
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abno r ma l i t i es  and  gl ucos e i n t o l er anc e  i n  pa r t i c u l a r .   Th i s  was

s hown i n  one o f  ou r  s t ud i es ,  t he r es u l t s  of  wh i c h wer e

p r es en t ed by  my c o l l eague Mar k  ( un i n t e l l i gi b l e )  yes t e r day ,  o r

i t  was  l as t  week ,  at  t he  l i pody st r ophy  wo r k s hop  al s o.   And  we

s t ud i ed  a g r oup o f  pa t i ent s  who  we r e  wel l  s upp r ess ed wi t h  t he i r

HI V i nf ec t i on  on  a p r ot eas e - c on t a i ni ng r egi men ,  i n  whom we

r ep l ac ed  t he p r o t eas e  i nhi b i t o r  by  nuc l eos i de anal og abac av i r .

And  we  s t ud i ed—t hese  pa t i en t s  wer e  s t udi ed ex t ens i v el y  by

eug l yc emi c  hy per i nsu l i nemi c  c l amps ,  bo t h  be f or e  t he  s wi t c h  and

a t  s ev e r al  t i me po i n t s  a f t e r  t he s wi t c h,  ou t  t o  2 y ea r s  a f t e r

s wi t ch i ng.   I f  y ou  l ook  at  t he  s l i de ,  t hen y ou  c an  see  t ha t  i n

nor mal  v ol unt eer s ,  endogenous g l uc os e  pr oduc t i on ,  as  wel l  as

l i po l y s i s ,  wi l l  be  s upp r es s ed t o a  mar ked  ex t en t  unde r

hype r i ns ul i nemi c  c ond i t i ons  du r i ng  t he  c l amp .   Howeve r ,  i n

pat i en t s  on  a  pr o t eas e i nh i b i t o r - c on t a i n i ng  r eg i men ,  f i r s t  o f

a l l ,  t he i r  f as t i ng  endogenous g l uc os e  pr oduc t i on ,  i f  y ou

c ompar e  i t  t o  vo l unt eer s ,  as  we l l  as  l i po l y s i s  i s  mor e

e l ev at ed ,  and  wha t  y ou c an  s ee  i s  t ha t ,  dur i ng  t he  c l amp ,  t he r e

i s  muc h  l es s  s upp r es s i on  t han i n t he  v ol unt eer s .   And ,

unf o r t unat e l y ,  s hown  he r e and her e ,  2  yea r s  af t e r  p r o t eas e

i nh i bi t o r  wi t hdr awal ,  t her e  i s  some,  but  c er t ai n l y  no t  any

i mpr ov emen t  i n  t he  d i r ec t i on  o f  what  y ou  f i nd i n  v o l un t ee r s ,

s ugges t i ng  t ha t  t her e  i s  pe r s i s t ence  o f  i ns u l i n  r es i s t anc e  bo t h

i n adi pose  t i s sue  and  musc l e  o r  i n  t he  l i ve r .   The  same i s

t r ue ,  i n  f ac t ,  f o r  pe r i phe r a l  g l uc os e  up t ak e ,  s hown  f r om t he
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s ame  s t udy  i n  t h i s  s l i de .   Wha t  happens nor mal l y ,  i n nor ma l

v ol unt ee r s ,  i s  t ha t  unde r  hy pe r i ns ul i nemi c  c ond i t i ons ,  g l ucos e

i nt ake  wi l l  go  up  mar ked l y .   And as  y ou c an  see ,  t h i s  does  no t

happen  i n t he  pa t i en t s  wi t h  l i pody st r ophy ,  bot h  wh i l e  t hey ’ r e

on PI  as  we l l  as  when  t hey ’ v e r ep l ac ed  t hei r  PI  f o r  2  yea r s .

For t una t el y ,  when  swi t c h i ng  pa t i en t s ,  t he  e f f ec t  on  p l as ma

l i p i ds  may  be  mor e  bene f i c i a l ,  and  t h i s  i s  s hown  i n  t h i s  s t udy,

whi c h i s  t he met abol i c  s ubs t udy  f r om t he  Spani s h

( un i nt e l l i g i b l e)  s t udy,  wh i c h,  I  bel i eve ,  i s  s oon t o be

pub l i s hed i n t he  New Eng l and  J our nal .   And wha t  t hese

i nv est i gat o r s  di d  i s  t hey t ook  pa t i en t s  on a  p r o t ease

i nh i bi t o r - c on t ai n i ng  r eg i men  and wer e  we l l  s upp r es s ed ,  and  t hey

r andoml y  a l l oc at ed  t o  s wi t c h i ng  t hei r  pr o t ease  i nh i bi t or  f or

e i t her  abac av i r ,  s hown ( un i n t e l l i g i b l e )  i n b l ac k ,  o r  nev i r ap i ne

i n r ed .   And as  y ou c an  see ,  s omewha t  dependen t  on  t he  t y pe o f

s wi t ch ,  t he r e  was  a r educt i on i n bot h  t o t al  and  LDL  c hol es t e r ol

as  wel l  as  t r i gl y c er i des ,  wh i c h  was l ess  so  wi t h  abac av i r

s wi t ch ,  and  i t  a l s o s howed  t he  i n t r i gu i ng  p r opens i t y  o f

nonnuc l eos i de - con t ai n i ng  r eg i mens  t o  i nc r eas e HDL,  and  s omewhat

mor e  s o  wi t h nev i r ap i ne  t han  ne f av i r i n  ( mi s s pe l l ed? ) ,  some t h i ng

whi c h we  a l r eady  hav e  s hown  pr ev i ous l y  i n  pa t i en t s  f i r s t

c ommenc i ng  t r eat ment .   So I  t h i nk  i t ’ s  c l ea r  t ha t  a  mor e

s uc c es s f ul  managemen t  o f  t he  a r r angement s  i n  pa r t i c ul a r l y

g l uc os e  bu t  a l so  l i p i d met abol i sms  i n  pa t i en t s  wi t h  es t ab l i s hed

( un i nt e l l i g i b l e)  d i s t r i but i on wi l l  depend  on  ou r  ab i l i t y  t o
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r ev e r s e  t he  ac t ua l  r edi s t r i but i on  of  f at .   Sev e r al

i nt e r v en t i ons  hav e  been  t r i ed,  and  mos t  o f  t hes e ,  s uc h  as

r ec omb i nan t  human  gr owt h  ho r mone o r  me t f o r mi n,  ove r al l  hav e

y i e l ded  f a i r l y  d i s appoi n t i ng  r esu l t s ,  al t hough  bot h  o f  t hese

i nt e r v en t i ons  may  be  us e f u l  i n  pa t i en t s  wi t h  i s o l a t ed  f a t

acc umu l a t i on,  bu t  un f or t una t el y  t hos e  pa t i en t s  a r e  ve r y  r a r e .

I n add i t i on ,  bot h  i n t er v en t i ons ,  a l t hough  t hey  may  r educ e

c en t r a l  f a t ,  unf o r t unat e l y ,  at  t he  s ame t i me ,  t hey  may  a l s o

r educe  per i phe r a l  f a t .   I n  add i t i on,  g r owt h  ho r mone  may p r omo t e

i ns u l i n  r es i s t anc e ,  a l t hough  wi t h  l owe r  dos es,  t hi s  i s  l es s  o f

a  p r ob l em,  and  i t  may  t r ans i en t ,  but  i t ’ s  s t i l l  no t  r eal l y  what

y ou  wan t  t o  s ee happeni ng.   A newer  s t r a t egy ,  wh i c h  i s  be i ng

t r i ed and has  been  t r i ed  now i n  s eve r a l  c l i n i c a l  t r i a l s ,  i s  t he

i nt e r v en t i on wi t h  t he  c l yp i s one  ( mi s s pel l ed? )  c l as s  o f  d r ugs ,

and  t hes e a r e  i ns u l i n  s ens i t i z i ng  agen t s ,  wh i c h  al s o hav e  t he

i nt r i gu i ng  pr opens i t y  t o  p r omo t e f at  c el l  d i f f e r en t i a t i on .   So

t heo r e t i ca l l y ,  i t ’ s  a  v e r y  i nt e r es t i ng  c l as s  o f  dr ugs  t o

i nv est i gat e .   And  t he r e  ar e  now t wo c ont r ol l ed  s t ud i es ,

r andomi z ed  con t r o l l ed  s t ud i es ,  wh i ch  hav e  been  r ep r es ent ed ,  and

t hey ’ r e  cons i s t en t  wi t h  a s t udy  f r om Fi n l and ,  wh i c h  has been

pub l i s hed,  and  t he  s t udy  p r esen t ed ,  I  t h i nk ,  y es t e r day ,  and

a l s o  a t  t he  l i pody st r ophy wo r k s hop  by  t he  Gr i n f und

( mi s spe l l ed?)  i n  Bos t on ,  and  p r es ent ed  by  Co l l een Had i gan

( mi s spe l l ed?) .   Bo t h  s t udi es  s howed t hat  i ns ul i n  r es i s t anc e

was ,  i n  f ac t ,  ma r k ed l y  i mp r oved  by  t hese  dr ugs ,  by
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( un i nt e l l i g i b l e)  l i posome,  i n t hi s  c as e;  bu t  whe r eas,  t he

( un i nt e l l i g i b l e)  s t udy f r om Fi n l and d i d not  show any

i mpr ov emen t  i n  f a t  d i s t r i bu t i on ,  t he  s t udy f r om Bos t on  d i d .

And  I  t h i nk  what  t hi s  t e l l s  us  i s  t ha t  we  need  t o s t udy t hes e

i nt e r v en t i ons  f u r t he r  and pa r t i cu l ar l y  need  t o  i den t i f y  wh i c h

pat i en t s  s t and  t o  benef i t  t he mos t  f r om t hi s  i n t er v en t i on .   So,

a l l  i n  a l l ,  t r ea t i ng  f a t  f r ee d i s t r i bu t i on,  onc e  i t ’ s  t he r e,  i s

not  ve r y  p r omi s i ng  and v er y  di f f i c ul t .   So,  can  we  and  s houl d

we not  f oc us mor e  on  t r y i ng  t o  pr even t  t hes e  me t abo l i c

c omp l i c a t i ons  as  wel l  as  t he i r  po t en t i al  a t he r ogen i c

c ons equences  i n  pa t i ent s  who s t a r t  t r eat men t  f o r  t he  f i r s t

t i me .   Ther e  a r e s ev e r a l  op t i ons  t hat  we  can  t h i nk  o f ,  suc h as

us i ng nuc l eos i de - spa r i ng  ( mi s s pe l l ed? )  r eg i mens ,  emp l oy i ng s o-

c al l ed  l eas t  t ox i c  PI s ,  or  PI - s pa r i ng  r eg i mens  emp l oy i ng  l eas t

mi t ochondr i al  t ox i c  nuc l eos i de  or  nuc l eos i de  ana l ogs,  us i ng

c omb i na t i ons o f  l eas t  t ox i c  PI s ,  l eas t  t ox i c  nuc l eos i des .  Al s o,

par t i c u l ar l y  i n pa t i ent s  a t  hi gh r i s k  of  ca r di ov as c ul a r

d i s eas e ,  we  may ex pl o i t  t he  po t en t i a l l y  l es s  a t her ogen i c  l i p i d

p r o f i l e  of  NNRTI s .   And ,  o f  cou r s e ,  on l y  t he  f u t ur e  wi l l  t el l

us  whe t her  nov el  d r ug  c l as s es,  f o r  i ns t ance ,  s uc h as  hav e  been

d i s c us s ed i n t he  p r ev i ous t a l k ,  wi l l  hav e  a  l es s er  pr opens i t y

t o c aus e  f a t  d i s t r i bu t i on.   And  f o r t unat e l y ,  t he r e  ar e  s ev er a l

t r i a l  as  ou t l i ned  by  Pa t r i c k  Yeni ,  i n  hi s  p l ena r y  t al k

y es t er day,  wh i ch  a r e  i nv es t i ga t i ng  t h i s .   Bu t  I  t h i nk  i t ’ s  v e r y

i mpo r t an t  t ha t  a l l  o f  t hes e  t r i al s  s houl d  make  s ur e  t o
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i nv est i gat e  l i pody st r ophy and f at  di s t r i but i on  by  obj ec t i v e

meas ur es ,  s o t ha t  at  t he  end  o f  t he day,  i n  t hes e t r i a l s ,  we

wi l l  r ea l l y  k now whi c h o f  t hes e  s t r a t egi es  and  r eg i mens a r e

mor e  benef i c i a l  t o  ou r  pat i ent s .   I n  o r de r  t o i mpr ove  t he

p r ev en t i on ,  pa r t i c ul a r l y  t he  p r ev ent i on and  al s o  t he t r ea t men t

o f  t hes e  c omp l i c a t i ons,  we  u r gent l y  need  t o  f u r t he r  i mpr ov e our

unde r s t and i ng  of  wha t  ac t ua l l y  dr i ves  t h i s  f at  d i s t r i but i on,

and  l ook  a t  mechan i s ms by wh i c h  t hes e  dr ug c l as s es  and  a l s o t he

i nd i v i dual  dr ugs  exe r t  t he i r  e f f ec t s .   Gene t i c  s us c ep t i b i l i t y

p r obab l y  c omes  i n t o p l ay ,  e t c .   So  i n  t he  l as t  par t  o f  my  t a l k ,

I ’ d  l i k e  t o  t h r ow ano t he r  i dea  at  you ,  wh i c h ,  I  t h i nk ,  i s  one

o f  t he  unex pl a i ned  i s sues.   And  one o f  t he unex p l a i ned  i s s ues

i n my mi nd  i s  t ha t  i t ’ s  no t  r ea l l y  c l ear  why  f a t  d i sappea r s  i n

c er t ai n  r eg i ons o f  t he body  and  i t  i n c r eases  i n  ot her  pa r t s  o f

t he  body .   And  s ev er a l  exp l ana t i ons have  been s uggest ed,  s uc h

as t ha t  t he r e  may  be  a d i f f e r ence  i n  r eg i ona l  ex pr ess i on  o f

c er t ai n  r ec ep t or s  i n  t he  endoc r i ne  env i r onment  and  t he

mi t ochondr i al  con t en t  o r  mi t oc hond r i a l  s usc ept i b i l i t y  t o  t hes e

d r ugs,  o r  i n d r ug  penet r at i on i n v ar i ous  ad i pos e  t i ss ue

c ompar t men t s  and  hand l i ng o f  t hes e  d r ugs  by  t hes e c ompar t men t s .

But  ano t he r  poss i b i l i t y ,  c en t r a l ,  ano t he r  poss i b i l i t y  t ha t  we

a r e  t h i nk i ng abou t  i s  t hat  t he  br a i n  may  ac t ua l l y  p l ay  a  r ol e .

We’ v e k nown  f o r  qu i t e  a  wh i l e t ha t ,  i n  f ac t ,  s ubst anc es

p r oduc ed  by  f a t  c e l l s  have  an e f f ec t  on t he  br a i n i n r eg i ons

par t i c u l ar l y  o f  t he hypo t ha l amus and  ( un i nt e l l i g i b l e)  nuc l eus ,



International AIDS Society
2nd IAS Conference on HIV Pathogenesis and Treatment
7/16/03

1 kaisernetwork.org makes every effort to ensure the accuracy of written transcripts, but due to the nature of transcribing recorded
material and the deadlines involved, they may contain errors or incomplete content.  We apologize for any inaccuracies.

38

wher e t hey  af f ec t  a number  o f  r ec ept o r s ,  and  t h r ough act i v at i on

o f  downs t r eam pa t hway s,  t hey  wi l l ,  i n  f ac t ,  i n f l uence  bo t h

ene r gy  i nt ake  and  ea t i ng  behav i or ,  as  we l l  as  ener gy

expend i t ur e ,  as  we l l  as  f a t ,  and a l s o ,  as  has r ecen t l y  been

s hown,  g l uc os e  me t abo l i s m.   Wha t  has  been  much  l es s  c l ea r  i s

how s i gnal s  f r om t he  br a i n  go bac k  t o  f a t .   Th i s  has been

s t ud i ed  i n  an i ma l s  and,  i n  f ac t ,  by  a  gr oup  i n  Ams t er dam a t  t he

I ns t i t u t e f or  Br a i n Res ear c h .   And  wha t  t hey  s howed  i s  t ha t  not

onl y  i s  t he r e—t he r e i s ,  i n  f ac t ,  i nne r va t i on  o f  f a t  c e l l s  f r om

t he  au t onomi c  ne r v ous  s y s t em,  c omi ng  f r om b r ai n  s t em and

hypo t ha l amus,  and  t he r e ’ s  no t  onl y ,  as  has been  shown  i n  t he

pas t ,  s y mpa t he t i c  ne r vous i nne r va t i on  of  f a t ,  wh i c h  i s  k nown  t o

hav e  c a t abo l i c  e f f ec t s  i n l ead i ng  t o  f at  l os s ,  but  wha t  t hey

a l s o  we r e abl e  t o  show i s  t hat  t he r e  i s  par asy mpat het i c

i nne r v a t i on  on  f a t .   These  s t ud i es  we r e done  by  t ak i ng  a  r at

mode l  and i nj ec t i ng t r ansneu r onal  t r ac er s ,  s uc h  as  ps eudo r ab i es

v i r us ,  i nt o  s pec i f i c  f a t  depot s ,  and  t hen  f o l l owi ng  t he

i nf ec t i on as  i t  p r oc eeded upwar ds  t owa r ds  t he b r ai n  t h r ough t he

u r i nal  s ys t em,  and  t hen  mak e  i t  v i sua l l y —show i t  v i sua l l y  by

us i ng v a r i ous  f l uo r es cen t  dy es .   Not  onl y  we r e  t hey  ab l e  t o

s how t ha t  neu r oana t omi c a l l y  f a t  i s  i nner v at ed by  bo t h  t he

s ympat he t i c  and pa r as ympat he t i c  ne r v ous s ys t em,  bu t  i t  a l s o has

f unc t i onal  consequenc es  f o r  t he  behav i or  of  f a t .   And  I ’ m

s howi ng  you  one ex amp l e  of  t hos e s t ud i es ,  wh i c h  i s  wha t  t hey

d i d  i s  t hey  ac t ua l l y  su r gi c a l l y  s e l ec t i v e l y  dene r v a t ed  a  f at
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pad—i n  t hi s  c ase ,  an  i n t r aabdomi na l  f a t  pad  on  one  s i de o f  t he

ani mal ,  bu t  no t  on  t he o t he r  s i de  of  t he  an i ma l ,  and t hen

per f or med eug l yc emi c  hy per i nsu l i nemi c  c l amps  on  t hese  an i mal s ,

and  l ook ed  at  wha t  happened .   And ,  i n  f ac t ,  af t e r

par asy mpat het i c  dene r va t i on ,  t hey  show a  mar ked  dec r eas e i n

g l uc os e  up t ak e  and  f r ee  f a t t y  ac i d  up t ak e  i n t o  t hes e f at  c el l s ,

whi c h woul d  t hen  p r ev en t  t hese  f a t  c e l l s  f r om s t or i ng  f a t ,  and

a t  t he  s ame  t i me ,  t hey s howed an i nc r eas e  i n  t he  ac t i v i t y  of

hor mone  sens i t i v e  l i pas e ,  wh i c h ,  as  I ’ ve  t o l d y ou bef o r e ,  i s

r es pons i bl e  f o r  b r eak i ng  down f at .   Th i s  was  a f t er

par asy mpat het i c  dene r va t i on .   So wha t  t h i s  s uggest s  i s  t ha t ,  i n

nor mal  c i r c ums t anc es ,  pa r as y mpa t he t i c  ou t pu t  f r om t he  cen t r a l

ner v ous  sy s t em wi l l  p r omot e  f a t  s t or age and  i nh i bi t  f a t

( un i nt e l l i g i b l e) ,  wh i ch  i s ,  i n  f ac t ,  t he  oppos i t e o f  wha t  had

a l r eady  been s hown  by  o t he r s  f o r  s ympa t he t i c  ac t i v i t y .

I mpo r t an t l y ,  t hey  al s o wer e  ab l e t o s how t ha t  l ook i ng  at  t hes e

r eg i ons  i n  t he  hy pot hal amus  and  b r ai n  s t em,  t ha t  t her e  we r e s o-

c al l ed  s oma t o t opy  ( mi ss pel l ed? )  o f  t h i s  s ympat he t i c  and

par asy mpat het i c  i nne r va t i on .   Wha t  t h i s  means i s  t hat  wi t h i n

t he  sy mpat het i c  and t he  pa r asy mpa t he t i c  nuc l ei  was  an

( un i nt e l l i g i b l e)  t he r e o f  d i sc r et e  s e t s  o f  neu r ons  wh i ch

p r o j ec t  t o  t he  i n t r aabdomi na l  f at  and  ot her  se t s  o f  neur ons

whi c h p r oj ec t  t o  t he  subcu t aneous  f a t .   And  t h i s  o f f e r s  t he

pos s i b i l i t y  t hat  t he  cen t r a l  ne r v ous  s ys t em,  i n  f ac t ,  can

s el ec t i v el y  c ont r o l  adi pos e  t i s sue  i n  di f f e r en t  pa r t s  of  t he
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body ,  and i t  c an  do s o by  ba l anc i ng ou t  ( un i nt e l l i g i b l e)  f r om

t he  sy mpat het i c  and t he  pa r asy mpa t he t i c  ner v ous  sy s t em.   But  i n

add i t i on ,  and  t h i s  i s  v e r y  i mpo r t ant ,  i t  mus t  a l so  be  ab l e  t o

s el ec t i v el y  c ont r o l  t hi s  ou t pu t  wi t h  r es pec t  t o  spec i f i c  f at

c ompar t men t .   And ,  o f  c our s e ,  one  of  our  no t  s o  good nat i ona l

news pape r s  go t  pa r t  o f  t he  mes s age ,  bu t  not  t he  compl e t e

mes s age ,  and wr o t e  up  t h i s  pape r  i n an  ed i t o r i a l  wi t h  t h i s

c ar t oon ,  wh i c h  I  t hough t  was  v e r y  f unny,  and  t he r e f or e  dec i ded

t o s how i t  t o  you .   So wha t  we ’ ve  done  r ecen t l y ,  and t hi s  wi l l

hope f u l l y  soon be  publ i shed  i n  Lanc e t ,  i s  c oi n i ng  t he

hypo t hes i s  t ha t  t he ac t ual  abe r r an t  d i s t r i bu t i on  o f  body  f at

t ha t  we  see  i n  ou r  pa t i ent s  wi t h HI V and  l i pody s t r ophy  may ,  i n

f ac t - - and t hi s  i s  a ques t i on  mar k - - r ep r es en t  s e l ec t i v e

aut onomi c  neu r opa t hy .   And  t he  i dea i s  t hat  an t i r e t r ov i r a l

t he r apy - - and  I  want  t o  no t i ce  t ha t  s ome  of  t he  componen t s  i n

t he  dr ug  t hat  we  use ,  s uch  as  DDI  and  D14 ,  a r e ,  i n  f ac t ,

neu r ot ox i c  agent s  and  have  a l s o  been  s hown t o c a r r y  a  hi gh  r i sk

o f  l i podys t r ophy —t ha t  an t i r e t r ov i r al  t he r apy  may ,  i n f ac t ,

s el ec t i v el y  i n f l uenc e  t hes e  se t s  o f  neur ons  i n  t he  br a i n ,

t he r eby  cr eat i ng  an i mba l anc e bet ween  t he  s y mpa t he t i c  and  t he

par asy mpat het i c  ou t pu t  and  pos s i b l y  l ead i ng  t o  t he  l os s  o f

s ubc ut aneous f at  and  t he  ga i ni ng o f  v i sc e r a l  f a t .   And  i t ’ s

i nt e r es t i ng  t o  no t e,  i n  t h i s  r espect ,  t ha t  t he  par t i c u l a r

r eg i ons  of  t he  b r a i n  whe r e  t hes e neu r ons  l i e  i s ,  i n  f ac t ,  ve r y

acc ess i b l e .   The r e  i s  no  b l ood  br a i n  bar r i e r  p r esen t  i n t hat
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par t i c u l ar  pa r t  o f  t he b r a i n ,  whi c h makes  i t  ac c es s i b l e no t

onl y  t o  na t ur a l  s ubs t anc es ,  wh i ch  i s  i mpo r t ant  bec aus e ,  as  I ’ ve

t ol d  y ou ,  t ha t ,  i n  f ac t ,  na t ur a l  s ubs t anc es  pr oduc ed by f a t

c el l s  need  t o  en t e r  t he  br a i n,  bu t  i t  may  a l so  mak e  i t  mo r e

acc ess i b l e  t o  ce r t ai n  o f  t he  d r ugs  t ha t  we use .   So ,  on t h i s

not e ,  I ’ d l i k e  t o  end ,  but  not  be f or e  t hank i ng  a  l o t  o f  peop l e.

And  as  y ou  can  s ee ,  I  have  a l s o ,  dur i ng t hi s  t a l k ,  ma r ked l y

c hanged  my  f a t  d i s t r i bu t i on .   And  I ’ d  l i k e t o t hank  no t  on l y

c ol l eagues  of  mi ne  i n  Amst e r dam and e l sewhe r e i n  t he

Net her l ands ,  par t i cu l ar l y  Ma r k  ( un i n t e l l i gi b l e )  and  Er i c

( un i nt e l l i g i b l e) ,  bu t  a l so  t he  many c o l l abo r at o r s  i n o t he r

par t s  o f  t he wor l d  t hat  I  have  t he  p l eas u r e  t o  c ol l abo r a t e

wi t h ,  s uch  as  Si mon Mal l el a  and  Dav i d  No l an  i n  Per s e

( mi s spe l l ed?) ,  And r ew Ca r r  and  Dav i d  ( un i nt e l l i g i b l e)  i n

Sydney ,  ( un i n t el l i gi b l e )  L i n f o r d and  ( un i nt e l l i g i b l e)  Mi l l er  i n

Copenhagen ,  J acque l i ne Capeau her e  i n  Pa r i s ,  Luc y Sut i ne  i n

Fi n l and ,  and,  of  c ou r se ,  t he  a l way s c ont i nu i ng  s uppor t  o f

( un i nt e l l i g i b l e) .   Thank  y ou  v e r y  muc h  f o r  y ou r  at t en t i on .

 [ END OF RECORDI NG]


