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T ra d it io n a lly , p ro te c tio n  a g a in s t in fe c tio u s  
d iseases has re lied  on the  use o f a tte n u a te d  or 
k illed  vacc ines . H ow eve r, m any such  vacc ines  
are inadequa te  fo r reason  o f e fficacy , sa fe ty , and 
cos t e ffec tiveness . L ive -a tte n u a te d  va cc in e s  m ay 
be im m u n o su p p re ss ive , ca u se  d isease  if not 
a tte n u a te d  s u ff ic ie n tly , o r p ro v id e  lim ite d  
im m u n ity  if to o  m u ch  a tte n u a te d . A m a jo r 
conce rn  rega rd ing  the  use o f live  vacc in e s  is the 
p o s s ib ility  o f o u tg ro w th  o f m o re  v iru le n t 
o rgan ism s. K illed  va cc in e s  are o ften  unab le  to 
g e n e ra te  p ro te c tiv e  le v e ls  o f im m u n ity  fo r 
re a so n s  o f Ag lo a d  and  lo ss  o f im p o rta n t 
ep itopes  du ring  in ac tiva tion . In add ition , they  are 
fre q u e n tly  in c o n v e n ie n t, g ive n  th a t re p e a te d  
im m u n iza tio n  is o fte n  n e c e s s a ry  to  a ch ie ve  
e ffec tive  leve ls  o f im m un ity . Further, because  
killed v ira l va cc in e s  do  no t p rov ide  en d o g e n o u s ly  
syn thes ized  p ro te ins , they  are in g e ne ra l unab le  
to induce  cy to to x ic  T  ce lls , p o ss ib ly  a requ ired  
co m p o n e n t o f a tru ly  e ffe c tive  vacc ine . S ubun it 
vacc ines  are g e n e ra lly  sa fe  bu t co s tly  and poo rly  
im m unogen ic . L ive re co m b in a n t va cc in e  vec to rs  
are e ffec tive , bu t th e ir repea ted  use in the  sam e 
h o s t m ay be lim ite d  by v e c to r  im m u n ity ; 
fu rthe rm ore , th e y  a re  su b je c t to  reve rs ion  even ts  
and  can  c a u s e  d is e a s e  o r d e a th  in 
im m u n o co m p ro m ise d  hosts. T h e re  is a need fo r 
be tte r vacc ines , and re cen tly  D N A  va cc in e s  have 
been de ve lop e d  (1).

D NA vacc ine  te ch n o lo g y  o ffe rs  a p rom is ing  new  
a lte rn a tiv e  to  c o n v e n tio n a l v a c c in e  d e liv e ry  
s ys te m s . D N A  v a c c in e s  a re  e u k a ry o tic  
e x p re s s io n  v e c to rs  th a t c o n ta in  the  gen e  
e n co d in g  the  a n tig e n  o f in te re s t. W ith in  
in tra m u s c u la r in je c tio n , p la sm id  D N A  e n te rs

m usc le  ce lls , d ire c t exp re ss io n  o f the  p la sm id - 
e n coded  an tigen , and  an im m u n e  re sp o n se  to 
the  an tigen  is induced . D N A  va cc in e s  have  been 
s tud ied  in m any sys tem s, inc lud ing  in fluenza , 
hum an  im m u n o d e fic ie n cy  v iru s  (H IV ), rab ies, 
he rpes  v irus , and h e p a titis  B, and  can  induce  
lo n g - la s t in g  h u m o ra l a n d  c e llu la r  Im m u n e  
responses . D N A  va cc in e s  a re  eas ily  co n s tru c te d  
by te ch n iq u e s  com m on  to all m o le cu la r b io logy  
labo ra to ries , shou ld  be in e xp en s ive  to p roduce , 
and shou ld  no t requ ire  re fr ig e ra tio n ; all essen tia l 
a ttr ib u te s  fo r a va cc in e  in tended  to be used  in the  
d e v e lo p in g  w o rld . A n o th e r p o te n tia lly  use fu l 
fe a tu re  of D N A  va cc in e s  is th a t th e y  can  be 
de s ig ne d  to  exp re ss  m ore  than  one  an tigen  
s im u lta n e o u s ly , e ith e r  by  e n c o d in g  m u ltip le  
a n tig e n s  (or ep itopes) on a s ing le  p la sm id  o r by 
im m un iz ing  w ith  a m ix tu re  o f p lasm ids , each 
e ncod ing  a s ing le  an tig e n  (2).

P re clm ic a l e ffica cy o f D N A  va ccin e s  
In flu e n z a

T h e  firs t d e m o n s tra tio n  of D N A  va cc in e  e fficacy  
in an an im a l m ode l w a s  using  the  in flu e nza  v irus , 
w h ich  co n tin u e s  to p ro v id e  a use fu l sys tem  w ith  
w h ich  to ch a ra c te rize  im m une  re sp o n se s  to  D N A 
v a cc in e s . In flu e n za  is o n e  o f the  in fe c tio u s  
d isease  ta rg e ts  fo r a D N A  va cc in e  cu rren tly  
be ing  in ve s tig a te d  in hum an  c lin ica l tria ls . O ne  
ra tiona le  fo r e ffo rts  to  d e ve lo p  an in flu e n za  D N A 
vacc ine , d e sp ite  the  a va ila b ility  o f w id e ly  u tilized  
e x is tin g  in flu e n z a  v a c c in e s , is th a t c u rre n t 
va cc in e s  a re  e ffe c tive  on ly  in a s tra in -sp e c ific  
m anne r. M u ta tio n s  in in flu e n z a  v iru s  s tra in s  
m ean  th a t fre q u e n t re -e v a lu a tio n  and  
re fo rm u la tio n  o f the  va cc in e  is n e ce ssa ry . D N A  
va cc in e s  o ffe r the  a d va n ta g e  o f s tim u la tin g  the  
g e ne ra tion  o f c y to to x ic  T  lym p h o cy te s  (C TLs) 
a g a ins t ep ito p e s  from  a co n se rve d  p ro te in  o f the  
v irus. A co m b in a tio n  D N A  va cc in e  co n ta in ing  
p la s m id s  e n c o d in g  bo th  in te rn a l and  co a t 
p ro te ins  of the  v irus  w as  p re p a red  in a m ix tu re  to 
m im ic  the  p ro te in s  p re se n t in the  w h o le  v irus  
v a c c in e . V a c c in a tio n  o f n o n h u m a n  p rim a te s  
ge n e ra te d  tite rs  o f h e m a g g lu tin a tio n  inh ib iting
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a n tib o d ie s  (used  as su rro g a te s  fo r neutra liz ing  
an tibod ies ) as  h igh as a o r h igher than those 
g e n e ra ted  by the fu ll hum an  doses o f w ho le  
inac tiva ted  and sp lit inac tiva ted  v irus  vacc ines, 
respective ly . F e rre ts  im m un ized  w ith the  DNA 
v a c c in e  c o c k ta il s h e d  le ss  v iru s  in nasa l 
w a sh in g s  a fte r ch a lle n g e  w ith  a d rifted  (i.e. 
a n tig e n ica lly  d iffe re n t) s tra in  o f v irus than did 
con tro l a n im a ls  im m un ized  w ith  the  ana logous 
co m m e rc ia lly  licensed  w ho le  inactiva ted  v irus 
vacc ine  (3, 4, 5).

M a la r ia

A n o th e r m ode l in w h ich  a com b ina tion  DNA 
va cc in e  w as  recen tly  e m p loyed  is m alaria .

In th is  d ise a se  th e re  are tw o  p rob lem s w ith 
va cc in e  s tud ies . O ne , because  it is un like ly  tha t a 
v a c c in e  d ire c te d  a g a in s t a s in g le  an tig e n  
e xp re sse d  du ring  one  s tage  o f the life  cyc le  w ill 
rem ove  all pa ras ites , a vacc ine  w ill p robab ly  
need to ta rg e t seve ra l an tig e n s  from  d iffe ren t life- 
cyc le  s tages. A D N A vacc ine  aga ins t m a laria  
cou ld  be de s ig ne d  to  e xp ress  an tigens  from  
sp rozo ite , e xo e ry th ro cy tic  and e ry trocy tic  s tages 
and th e re fo re  ra ise  im m un  responses aga inst 
m u ltip le  life  cyc le  s tages. S econd , in m alaria  
the re  a re  re la tive ly  few  ta rge t ep itopes  d iffe ren t 
pa ras ite  iso la te s  and the  va rian ts  o ften  do not 
c ro ss re a c t. T hus, to e lic it e ffe c tive  im m un ity  
a g a in s t m u ltip le  w ild  is o la te s  w ith  v a ria n t 
e p ito p e s , im m u n iz a tio n  w ith  a va c c in e  w ith  
cod ing  m any a n tig e n s  shou ld  be requ ired  (2).

O th e r  v ir a l  a n d  b a c te ria l d isease 
m o d e ls

A lso  im p o rta n t fo r  b r in g in g  D N A  va cc in e  
te ch n o lo g y  c lo se r to  c lin ica l app lica tion  w as the 
co n tin u e d  exp a n s io n  o f the  b read th  of p reclin ica l 
in fe c tio u s  and  n o n in fe c tio u s  d ise a se  ta rg e ts  
su cce ss fu lly  te s te d  in an im a l m ode ls . These 
in c lu d e d  a d d itio n a l v ira l ta rg e ts , as w e ll as 
p a ra s it ic  d is e a s e s , b a c te r ia l d is e a s e s , and 
ca n ce r (a g a in s t w h ich  the firs t c lin ica l tr ia ls  fo r 
D N A  v a c c in e s  w e re  in it ia te d  d u rin g  1995). 
Jo in in g  th e  v ira l d is e a s e  ta rg e ts  fo r w h ich  
im m une  re sp o n se s  a n d /o r p ro te c tionhad  a lready  
been d e m o n s tra te d  (such  as in fluenza , bov ine

herpesv irus, hepa titis  B, H IV  and rab ies) w ere 
h e p a titis  C v iru s , h e rp e s  s im p le x  v iru s , 
p a p illo m a v iru s , ly m p h o c y tic  c h o r io m e n in g it is  
v irus and flav iv irus. The list of pa ras itic  d iseases 
fo r w h ich  p re c lin ic a l e ff ic a c y  has been  
dem onstra ted  w as expanded  from  m a la ria  and 
le ishm an ias is  to inc lude  sch is tosom ias is  (3, 6).

It is poss ib le  tha t bacte ria l d iseases w ere  not the 
in itia l ta rge t fo r D NA vacc ines  because  a num ber 
o f p ro te c tiv e  b a c te r ia l a n tig e n s  a re  no t 
p ro te in a c e o u s  (e .g . p o ly s a c c h a r id e s ) and 
because  less is know n abou t the  p ro tec tive  
an tigens of bacte ria  com pared  w ith v iruses (i.e. 
those  an tigens tha t induce a p ro tec tive  im m une 
response). For at least som e bacte ria l ta rge ts, 
how ever, not on ly are p ro te ins  key an tigens, but 
the  types of ce llu la r responses induced  by DNA 
va cc in e s  m ay be im p o rta n t e le m e n ts  o f an 
e ffective  vaccine . An exam p le  o f such a bacteria l 
ta rge t is M ycobacte rium  tube rcu los is ; the  ce llu la r 
responses aga ins t its p ro te ins  app e a r to p lay key 
ro les in p ro tective  im m un ity . R ecen t w o rk  has 
show n tha t tube rcu los is  D NA vacc ines  induce 
C TL and he lper T cell responses of the  Th1 -like 
p h e n o typ e , as m e a su re d  in v itro  upon 
restim u la tion  o f sp leen  ce lls  w ith an tigen  (3, 6, 7).

Cancer im m u n o th e ra p y

D N A -b a se d  im m u n iz a tio n  is an a ttra c tiv e  
nonvira l a lte rna tive  fo r cance r im m unotherapy. 
D N A  v a c c in a tio n  is a c c o m p lis h e d  by the  
express ion  of inocu la ted  bac te ria l p lasm id  DNA 
e n co d in g  the  fo re ig n  g e n e  o f in te re s t 
a cco m p a n ie d  by a m a m m a lia n  
prom oter/'enhancer, and o the r sequences such 
as K ozak is  consensus  sequence  and leader 
sequences tha t enab le  the  gene  to be exp ressed  
w ith in  m am m alian  ce lls  u tiliz ing  host m ach inery . 
In th is  re p o rt, a h a n d -h e ld  h e liu m -p o w e re d  
d e v ice  w as  used  to a c h ie v e  th e  d ire c t 
in tra c e llu la r d e liv e ry  o f D N A -co a te d  go ld  
pa rtic les  to the ep iderm is . Fo llow ing  de livery, the 
D NA red isso lves  in the apueous e nv ironm en t of 
the cy top lasm  or nuc leus  and is then  ava ilab le  fo r 
exp ress ion . A lte rna tive ly , ske le ta l m usc le  ce lls  
have dem onstra ted  the ab ility  to take  up and 
exp ress  D NA fo r app rox im a te ly  the life tim e o f the 
m ouse  w ith o u t any spec ific  d e live ry  system . 
H ow ever, ep iderm a l gene  gun im m un iza tion  of
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D NA m ay be m ore  e ffic ie n t than  in tra m u scu la r 
im m u n iz a tio n  a t e lic it in g  s im ila r  im m u n e  
responses (8).

Both D N A -based  a p p ro a ch e s  have been show n  
to su ccess fu lly  induce  both  hum ora l and ce llu la r 
im m u n ity  in m a n y  Ag s y s te m s  . In c a n c e r 
im m u n o th re p y , p la s m id  c o n s tru c ts  e n co d in g  
e ithe r the  fu ll leng th  cD N A  fo r ca rc in o e m b ryo n ic  
Ag (C E A) o r H IV-I e nve lope  p ro te in , g p 1 6, have 
been show n  to p ro te c t m ice  from  su b se q u e n t 
ch a lle n g e  w ith  syn g e n e ic  tu m o rs  e xp re ss in g  
these  m ode l A gs  (8).

D N A  d e liv e r y

D N A vacc in e s  cou ld  be m od ified  by the  use o f a 
de live ry  system , such  as liposom es or po lym ers  
tha t can co m p a c t D N A  and e n h a n ce  ce llu la r 
up take, o r the  inc lus ion  o f pe p tid e s  o r p ro te ins  
tha t can fa c ilita te  in tra ce llu la r ta rg e tin g  o f D N A  to 
the  cy top lasm  and nuc leus . In add ition , D N A  
vacc ines  m ay be ta rg e te d  to sp e c ific  tissu e s  such  
as m ucosa l s ites  fo r the  induc tion  o f m ucosa l 
im m u n e  re s p o n s e s . T o  th is  e n d . S iz e m o re  
c o n ta in s  an  a sd  (a s p a r tic /s e m ia ld e h y d e  
d e h yd rogenase ) m u ta tion  th a t does  not in te rfe re  
w ith  the  ab ility  o f the  o rg a n ism  to  invade  ce lls  bu t 
w h ich  causes  it to  b u rs t open  ins ide  the  cell, 
the reby  re leas ing  e xp re ss io n  p la sm id s  in to  the 
c y to p la s m . R e c o m b in a n t S h ig e lla  c o n ta in in g  
p lasm ids  exp re ss in g  g a la c tro s id a se  un d e r the 
con tro l o f the  hum an  cy to m e g a lo v iru s  (C M V) 
early  p ro m o te r and  e n h a n ce r a re  no t th e m se lve s  
ab le  to  e xp ress  g a la c to s id a se  bu t can d irec t 
exp ress ion  o f 3 g a la c to s id a se  in ce ll cu ltu res , in 
the  g u in ea  pig eye, and  in the  m ouse  lung. M ice 
im m un ized  in th is  m a n n e r p ro d u ce d  ce llu la r 
im m une  responses  and h igh leve ls  o f sp e c ific  
an tibod ies . H IV  and m a la ria  g e n e s  have a lso  
been exp ressed  in th is  sys tem . T hese  fin d in gs  
op e n  up to  p o s s ib il ity  fo r  th e  re la tiv e ly  
inexpens ive  ora l d e live ry  o f fu n c tio n a l D N A  w ith  
the  po ten tia l fo r m a n ip u la tio n  o f the  loca l im m une  
system  as w e ll as fo r p ro d u c tio n  o f sys te m ic  
responses (3).

E x p re ssio n  l ib r a r y  im m u n iz a tio n

The iden tifica tion  o f the  p ro te c tive  an tig e n s  o f a 
p a th o g e n  is a la b o r io u s  a n d  s o m e tim e s

p ro b le m a tic  p rocess . T h is  is p a rticu la rly  tru e  fo r 
p ro tec tion  th a t requ ires  ce llu la r im m un ity , s ince  
ce rta in  types  o f va cc in e s  (e.g. su b u n it p ro te in s  or 
w h o le  in a c tiv a te d  v iru s e s ) do  n o t g e n e ra lly  
in d u c e  C T L s . F u rth e rm o re , re s t in g  s p e c if ic  
an tig e n s  requ ires  th a t th e y  be a va ila b le  in a 
pu rified  fo rm . W ith  D N A va cc ines , C T Ls  are 
read ily  induced  and one  needs o n ly  to have the  
gen e  e n co d in g  the  a n tig e n . T he  p ro ce ss  of 
va cc in e  an tigen  d isco ve ry  m ay be s im p lifie d  by a 
re ce n t and  e xc itin g  a p p lica tio n  o f D N A  vacc ine  
te chno logy . B arry e t al. d e ve lo p e d  a m e thod  fo r 
tes ting  m ix tu res  o f D N A  p la sm id s  co n ta in in g  
fra g m e n ts  of the  g e n o m e  o f a p a thogen  fo r 
p ro te c tive  e ffica cy  (te rm e d  e xp re ss io n  lib ra ry  
im m u n iz a tio n , o r E L I). In th e ir  e x a m p le , 
v a c c in a tio n s  w ith  m ix tu re s  c o n ta in in g  3 0 0 0  
d is tin c t p la sm id s  fro m  a M yco p la sm a  p u lm o n is  
D N A  lib ra ry  w e re  show n  to co n fe r p ro te c tio n  in a 
m ouse  ch a lle n g e  m ode l, in d ica tin g  th a t at leas t 
o n e  o f the  p la s m id s  e n c o d e d  a p ro te c tiv e  
an tigen . By su cce ss ive  fra c tio n a tio n  and  tes ting  
of these  m ix tu re s  it m ay be p o ss ib le  to iden tify  
the  p ro tec tive  p lasm ids , a lth o u g h  to d a te  such 
fra c tio n a tio n  and  id e n tifica tio n  has no t been  
reported . O ne  o f the  po te n tia l d ra w b a cks  of the  
te ch n iq u e  in a dd ition  to the  p o te n tia l m ask ing  of 
ep ito p e s  by im m une  in te rfe re n ce  is tha t, beca u se  
fra g m e n ts  o f the  g e n o m e  are  used, m any o f the  
p la sm id s  w ill no t e n code  a re le va n t p ro te in . T h is  
p ro b le m  can  be  o v e rc o m e  by c lo n in g  open  
read ing  fra m e s  in to  the  e xp re ss io n  lib ra ry  and, 
w ith  the  b u rg e o n in g  file d  o f g e n o m ic s , th is  
s e q u e n c e  in fo rm a tio n  is ra p id ly  b e c o m in g  
ava ila b le  fo r m any pa th o g e n s . S uch  a p p ro a ch e s  
m ay g rea tly  fa c ilita te  the  id e n tifica tio n  o f vacc ine  
an tig e n s  (3).

Conclusions

T h e  use  o f D N A  v a c c in a tio n  has  g ro w n  
su b s ta n tia lly  in th e  e ig h t ye a rs  s ince  it w as  firs t 
d e m o n s tra te d  th a t D N A  cou ld  c o n fe r p ro tec tive  
im m un ity . R ecen t im p o rta n t a d va n ce s  have  been 
m ade in seve ra l aeas  o f D N A  va cc in e s . T hese  
inc lude  an exp a n s io n  of the  ta rg e ts  fo r D N A  
va cc in e  d e ve lop m e n t, a g re a te r u n d e rs ta n d in g  of 
som e o f the  und e rly in g  m e ch a n ism s  invo lved  in 
th e  in d u c tio n  o f im m u n e  re s p o n s e s , the  
beg inn in g s  o f a lte rn a tive  D N A  d e live ry  ve h ic le s  
th a t can  ta rg e t m u c o s a l im m u n e  s ite s , the  
ap p lica tio n  o f D N A  va cc in e  te ch n o lo g y  to the
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d isco ve ry  o f p ro te c tive  an tig e n s  and the  hum an 
c lin ica l tria ls . T he  su cce ss  o f D N A  vacc ines  will 
be p re d ica te d  on th e ir e ffe c tive n e ss  in hum ans.
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i m m u n o g e n i c i t y  a n d  p r o t e c t i o n  i n  a  r o d e n t  

m o d e l .  J  F h a r m  S c i  1 9 9 6 : 8 5 ( 1 2 ) :  1 2 9 4 - 1 3 0 0 .

5 .  U l m e r  J B ,  S a d o f f  J C ,  L i u  M A .  D P I  A  v a c c i n e s .

C u r r  O p  I m m u n  1 9 9 6 ; 8 : 5 3 1 - 5 3 6 .

4 .  U l m e r  J B ,  D o n n e l l y  J J ,  B a r k e r  S E ,  e t  a l .  

H e t e r o l o g o u s  p r o t e c t i o n  a g a i n s t  I n f l u e n z a  b y

i n j e c t i o n  o f  D H A  e n c o d i n g  a  v i r a l  p r o t e i n .  

S c i e n c e  1 9 9 3 : 2 5 9 : 1 7 4 5 - 1 7 4 9 .

5 .  R o b i n s o n  H L ,  B o y l e  C A ,  F e l t q u a t e  D M ,  e t  a t .  

D H A  i m m u n i z a t i o n  f o r  I n f l u e n z a  v i r u s :  S t u d i e s  

u s i n g  h e m a g g l u t i n i n  a n d  n u u c l e o p r o t e i n  

e x p r e s s i n g  D H A s .  J  I n f e c t  D i s  1 9 9 7 , 1 7 6  

( s u p p l  l ) : s . 5 0 - 5 5

6 .  T a n g  D ,  D e V i t  M ,  J o h n s t o n  5 /4. G e n e t i c  

i m m u n i z a t i o n  i s  a  s i m p l e  m e t h o d  f o r  e l i c i t i n g  

a n  i m m u n e  r e s p o n s e .  H a t u r e  1 9 9 2 : 3 5 6 : 1 5 2 -  

1 5 4

7 .  M a n i c k a n  E ,  R o u s e  R J ,  Y u  Z ,  e t  a l .  G e n e t i c  

i m m u n i z a t i o n  a g a i n s t  H e r p e s  S i m p l e x  V i r u s .  J  

I m m u n ,  1 9 9 5 ;  1 5 5 : 2 5 9 - 2 6 5

8 .  I r v i n e  R R ,  R a o  J B ,  R o s e n b e r g  S A ,  R e s t i f o  H P .  

C y t o k i n e  e n h a n c e m e n t  o f  D H A  i m m u n i z a t i o n  

l e a d s  t o  e f f e c t i v e  t r e a t m e n t  o f  e s t a b l i s h e d  

p u l m o n a r y  m é t a s t a s é s .  J  I m m u n  

1 9 9 6 : 1 5 6 : 2 3 8 - 2 4 5

1 9 5


