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COMPARISON OF POLYMERIZED AND UNPOLYMERIZED ANTIGEN E FOR
IMMUNOTHERAPY OF RAGWEED ALLERGY
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Abs t rac t  Po lymer iza t ion  
.  o f  ragweed ant igen in to  seven sub jec ts  rece ived the  po lymer ìzed an t igen by  ah igh-molecu la r -we igh t  po lymers  cou ld  imp iove  im-  schedu le  in  wh ich  each succesó ive  oose was t r ip led .munotherapy  fo r  ragweed po l l inos is  by  reduc ing  s ide  serum ant igen E b ind ing . "J " . i i1 , ' i o io "k rng  an t ibody)e f fec ts  wh i le  re ta in ing  immunogen ic i ty .  To  s tud-y  th is  inc r "as"o- . Ìgn i f i can t ly  in  a l l  sub jec ts (p<o.oo1 byStu-thes is ,  23  ragweed-sens i t i ve  pa t ien ts  were  t rea ted  dent  t - tes t ) .  Éa t ien ts  t rea ted  w i th  po lymer ized an t igenwi th  e i ther  o rd inary  ragweed ant igen E or  ragweed an-  had fewer  loca l  and genera l i zed  reac t ions  than thoset igen E po lymer ized by  g lu ta ra ldéhyde.  Fou- r  pa t ìen ts  rece iv ing  the  monomer ic  p repara t ion .rece ived the  po lymer ized an t igen,  and s ix  con i ro ls  o r -  Po lym"er izéo  ragweed ant igen permi ts  more  rap idd inary  an t igen accord tng  to  the  s tandard  immuno-  immuniza t ion  o f  à top ic  p" r .én . ,  

- r , , J i th  
f " *u .  s ide  e , -therapy  schedu le ,  two groups  o f  th ree  pa t ien ts  re -  fec ts ,  than s tT^d? l -d^monomer ic  p repara t ions .  (N Eng lce ived e i ther  fo rm by  a  "doub l ing-dose i '  schedu le .  J  Med 295: .1  160- i164,  1976)

I  
N l I l L  \ - (  )  l ' l  l l . . R A l , \ '  f o r  r i , r s r r e e d  p o l l i n o s i s  i s  a r rr  r ' l i c c t i r ' e  f o l m  o l  t h c r : r p 1 . f o r  r h e  a t , , J r ì t  I , e r s ( ) n  a s  i n _

d ica ted  by  s tud ies  re ren t ly  rev ie ra ,cd . r  I Jowever ,  the
use o f  imm,uno lherapy  is  l im i ted  b1 ,  loca l  and sys te  n r i r .
reac t ions .  I i f lo r ts  to  improve in tmunotherapy  have in_
c luc lcd  " rcpos i to ry  therapy"  r rs ing  rn ine ia l  o i l  and
cnr t r l s i f  ie rs ,  a lum-prec ip i ta ted  ex t rac . t  and the  mod i_
l ì r :a t ion  o f  an t ieen to  redu( .e  a l l c reen ic i ty  bu t  le ra in
imnrunogen ic i ty . , ' fhe  po lyn ter iza t i , rn  o l  an t igen rn to
hì.gh-molccular-weisht polyn-rers rcpresents a furl frer
e f lo r t  to  in tp rove  in rmLrnotherapy  Èy  rec luc i r - rc  a l le r_
ecn ic i ty  wh i le  rc ta in ing  immunoeenìc i ty .

Recently, we- reported the polymerizatiorì of ras_
weed ant isen  I i  w i th  g lu ta ra ldehyde in to  a  se lec tec l
hieh-molecular-u,e ight pol1,-. , .  r .r , i rh a molecular
w'eight of 200,()00 to four mil l ion dalrons.r This oolr,_
mer ized ras \^ ,eed an t igen E was found to  be  s l ieh t iy
more  an t igen ic  in  an ima ls  than an t igen E mrrn . r_
mer , r ' {  and i t  requ i rec l  10  to  100 t imes as  much oo_
lymer ized ar . r t igen  on  a  we igh t  bas is  as  the  monoÀcr
to  re lease an  cqu iv ; i len t  an lount  o f  c .c l ju la r  h is ta_
nt ine .3  l 'he  ra te  o l  d isappearance o f  the  po lynrer izec l
an t ieen f ro rn  sk in  s i tes  i s  Iess  than tha t  o f  ._ , rc l inarv  an-
t igen,  and rhc  po lymer ized fo rm u ,as  lound to  loca l i ze
to  sp leen and l i ver  ra ther  than to  be  excre ted  in  the
urirrc a[ter intravenous ir-r. ject ion.a A very-high_molec_
ular-wcight polymer (range o[ four ro 2b mil l ion dal-
tons) was also prepared but was not usecl for human
stud ies  because in  rabb i ts  i t  was  found to  induce more
IgE ant ibody  than the  lower -molecu la r -u ,e igh t  po ly_
mer.5 ' Ihese 

studies sugcested rhat polymerirea a"i l_
qer r  n r iqh t  be  use fu i  fo r  imnrunotheranv .' l ' o  

show the  usc fu lness  o f  the  po lymcr ized  anr igen
for ragweed immunotherapy, cl inicai stucl ies were un_
der taken compar ing  i t  w i rh  regu la r  an t isen  in  23  un-

.  
l - r r ) n ì  t he  [ ) cp î r t r Ì ] cn t  o l  Mcd i c i nc ,  Scc t i on  o f  A l l e rgy - lmn runo logy ,  and

L l : . , ? : l : r l . . l i  
, r f .  N4 rc r t r h r r r t og r_ rn r r r r uno togy ,  No r (h -wes le rn  ùu ,u " r r , , y

''il'JJ,:,Ìl:"'illXil':ì,:;l'il,i;,':::ìi'î,.'J.li'i:',.',l.l:'J,ij ?:niilU:
Avc . .  ( ì h r c rgo .  l L  l l ) ( ) l  l ) .

l i uppo r l cd  by  (he  I : r nes r  S .  Baz l c r . ( ì r an t  and  b !  a  g ran t  (A l  |  1403 )  f Ì om
t h c  N a l i o n r l  I n s r i t u t c  o f  A l l c r g r  a n d  I n f e c r i o u s  b j r i r r . r . '

f I I I ì  NEW DNGI,ANI) . 'OLI I ìNAL OF ,N, f  EDICINE,

M e t h o d  o f  l m m u n o t h e r a p y

l n t n t u n o t l t c r a p l  u a :  i l i r : r ; t r - , :  - : .  - :  i : . -  - - ,  . : :  : : , . 1 , : , , n  r l j t h  e i -

t r c a t e d  r a s r v e e d - s e n s i t i v e  p a t i e n t s .  T h e  l i r s r  y r h a s e  o f
t h e  s t u d v  w a s  c l e s i g n e t ì  t ( )  p r ( ) v e  i t s  r l i n i c . a l  s n f e n .  e f _
f e c t i v e n c s s  a n d  i n r r n u n o g e n i c i t y  i n  h r , r m a n  l , e i n q s .
F u r t h e r  s t u d i e s  n , e r e  u n d e r t a k e n  t o  c i e r e r m i n c  i I  J r o _
Iy 'mer ized ragwecd ant iqen E c.ould l_re q i ren ntore
r a p i d l y ,  b u r  w i r l r  l e s s  r i s k  r o  t h c , . ' i e n r .  r h a r r . r ) l i c e n
E  m o n o r n e r  d u r i n g  i m m u n o l h e r a p y .  

' l ' h i s  
(  o r ì l l r i l n s o n

n , a s  n r a d e  u , i t h  t h e  k n o w l e d g e  t h a t  a n t i q e n  E  h a d  a l -
rcady bcen shown to pose s. , rnern,hat  le is  r . isk  c lur . ing
i m m u n o l h e r a p y  t h a n  c r u d e  r a s \ ^ , e e d  a n t i g e n . o  b u t  t à
l ) ( , s s e s s  c r l ' 1 ; 1 1  r  l i 1 1 i 1  ' 1 1  e f f i r . a c y .

T h c  r e s u l t s  o f  t h e  s t u d i e s  s u q g e s t e d  t h a t  t h e  p o _
I) 'mer ized ant isen was safe,  e f fect iye and capable of
i n d u c i n e  b l o c k i n g  a n r i b o d y  i n  r r e a r e d  p a t i e n t s .  A
m a i n t e n a n c e  d o s e  c o u l d  b e  g i v e n  i n  a s  f e w  a s  n i n e  i n -

ject i<- rns,  in  less than one- th i rd the t ime requi red
by crude-ragweed therapy,  n, i th  l i t t le  r isk to  the pa_
t i e n t .
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I \ f  \ 1 1 ' N ( ) I I I E R A I ' Y  O F  R A C ì \ r y E E D  A L L E R G \ '  -  \ f  E ' I Z ( ; L R  E T  A i ,

Trea tmen t  Schedu le  and  C l i n i ca l  S tud ies

B e f o r t  i t s  u s c  i n  p ; ì l i c n t s ,  t t n e  o f  t h e  1 > h y s i r i a n - i n v c s t i q a l o r s  r r -

t e i ved  t he  equ i va len t  o l  t h ree  yea rs ' t r e : ì lme r ì t  u ' i t h  t he  po l r ' n re r -

ì zcd  an t i gcn  r t  r cqu la r  i n te r va l s  i n  : t n  accc l c ra ted  sched r r ì e  f o r  s i x

u , c e k s .  I ì o u t i n t  i r ì l r ) r i r t ( ) r y  s l r r d i c s .  i t r r l L r ì i r t q  c o l t t p l e t e  b l o o t i  t o u t i l .

d i f l ì ' r c n t i a l .  s c c ì i m e n t : r l i o t r  r a 1 t .  u r ì t r i r l )  s i s .  S ì \ 4 A - 1 2  a n r ì  c h e s t  x - r a 1 '

cxan r i n : r l i on  qe re  I c r l o rn red  l r c fo r t  l r c i l { r l c t t t  a t t d  ; r t  r cg t t l a t  i n t c r -

r a l s  d r r r i n q  l r e a l r r r n l  i n  t l i i s  s u b j c r t  a r t r l  l l t r '  : r l o ; r i t  p a t i c t l t s .

I m m u n o t h c r a p v  r ^ l r  g i r e n  t o  c i t f f t r e r i t  q r o r t p s  o f  s t r l r i e c t s  i n  t h r e t '

1 , l r a s c s .  I ) u r i r r q  t h r  i i r s t  1 , h : r s t  i  I  r  t h t  s L t l t j e t  t s  r l c r c  s c p l t r a t e r l  i t i l t r

l w o q r ( ' L r J ) s , o r ) t q t ( ) u l r o l  l o L r r  l , i t t , n l s r c r t ' t l r d t l t r ' P t , l l n l c l i z t d ; r l l -
t i q l n ,  l r r r r ì  t h e  l t h , ' r  t r , ' , r ; '  ' , 1  . i .  . r : : r r l t r r l  r r l l r c . n .  l r r ) t l ì  s r ( i r l f r s  a (  -

r  o r d i r r q  t o  a  s t ì r r r l u Ì t  L I : i d  i ' , r  - i t t r d t r r d  i t : r m u n o t h c r a l t \ ' .  u ' h i t  h  r e -

r l r r i r e s  2 7  u , e e k , s  t o  r e a i I  n r e r r l , . a e t t c e  d o : e .  I n  t h c  s c t o n d  p ì r a s c

( l l ) ,  t r v o  q r o u p s  o l  1 l r 1 t  l , h t t c t r t :  t . r , l ,  r r t r ì v c d  l l t c  p o l l ' n l e r o r  t h e

m o n o n ì e r ,  s ( |  l l l a t  c : i l  Ì r  : J i r . r . Ì - c l ì :  . i ( ) \ ( '  u d !  t \ \  i ( r r  I l t a l  o l  t h .  1 r r d  i -

o u s  d q s e .  A l t a i n n t c n t  , ' l  t l : .  ; : t : , t l l r - 1 : r r r , .  r ì o . t  r e < 1 r r ì r r < l  l 1  i t r j r : r -

t i o n s .  l " i n a l l r ' .  i n  p h r , . , .  r i , ; c t  I I i  . ,  ! r i ) r , 1 ,  r , l  ' e r c r t  s r t l ' 1 r ' t  1 s  r r ' -

ce i ved  on l t ,  po ì r ' n re r i z t< ì  i r l r i r - n  i , r  l l , . i t  r : 1 (  l r  - . u l r scc ì r t c t t t  c k l se  u : t s

t r i p l e d .  I f  a  l o r : a l  o r  s \  s i t  i : l r (  r . ' a . : ; , ì r . , , ,  t  u r r t d  j n  c i l h c r  p h a s e  l l  o r

p h a s c l l l . t h c d o - . c : 1 t u i . .  i , i : , , , , - : r i , ' j \ \ i 1 ' r r ' . l t r ( ( d i t ( ( ( ) r ( l i l l q 1 ( ) a

s t a n d a r d  p r o t o c o l  a n r l  : ì L ' r . l r  : i , r : . r i 1 \ t d  L r n i i l  t l t t  n t a i l l l c t l a n c c  d < t s e

u ' a s  1 o ì e r a t c d  a t  \ \ c r k ì \  j r . t r i r i r : .  . \ : t l i e e r :  L -  I ì ì o r t ( , l l l e r  u ' a s  t r t ' l  { i r -

c n  i n  p h a s e  l l l  b e r : , u . t  ,  ' i  r  t ' , , t e r : i l l  r i - ' k  o 1  i t t ; t i o r  l o c a l  o r  s v s -

l c * ì i c  r c : ì c t i o n s  a s  e r r r j r i t r r q  - r  r r . i : i i : , , f  1 , h a r e  l I  o l  t h e  s t u d 1 , .

l n  t he  raqheca ì  s i d j r l  ! ' : a  ' - r  ' " r - . , 11 ì r t l l i  ; r l l r l  du r i nq  each  su l l ' t e -

q u e n t  t a e r . e c d  s e a s , r l l  t i ; e  : j Ì ' l ' : ( : <  R r - - r r  : { ' k c d  l ( )  c o n l p l c t e  a  d a i ì r ' -

( \ t ì ) l ) t o n l - s ( o r c  q L r i s t t o r ì r i f , r f É r  f 1 , r n r . \ r g L r s l  1 i  t h r o u e l r  ( ) c l o l l e r  L

l ' h e  d a i l t  s \ n r i ) t r ) I ì ì  i ( ( ) r r -  h : i '  r i t r :  t d  l r t ' n  r r r i f : h t c d  l o t a l  s ( o f e s  r t -

r  o rded  bv  t he  p ; r t  i t ' n t  l l v r  r q  a l i 1 ' , , 1 ;1 r  t  r J t r ì . r r ce r l  and  t l l c  ; r n l ou l t l  o l

r r r e d i c a t i o n  n c c d e r ì  t c ,  ( o n l f ( , ì  I ì i .  . \ : ì l l , r , r n l (  . l n i l . r r  t o  t l t c  s l n l p l o t t l -

s r o r e  i n c l c x  c l c s c r i b e d  P r e r i , , u . l r  t n  l h e  l , , l l r r s  H o p k i n s  s t l r . l i c - {  r ' l

S t rb j cc t s  u ' e re  a l s< ,  que ! l i r ) r ì ed  : r nc j  exam incd  ueck l l  b1 ' a  ph1 ' s i t  i an

r ì u r i ng  each  scason .  l - oc  a l  î  ca (  t i ( ) t l :  i '  r t  r  t l l casu t c t l  and  t  c r  o r c l cc l  3 [ l

n l i nu tes  a [ t e r  an  i n j ec t i on  l - , 1  a  ree i - . t c r cd  n t r r se .  r l ho  d id  no t  knou '

u ' h i ch  an t i qcn  t hc  sub ie ( t s  r r e re  rece i r i t r q .  A  re to rd  o f  l a l c  r ca t -

t i ons  and  sys tem ic  sy rnp lon rs  r vas  kep t  bv  t he  phvs i c i a t r s  ; r nc l  pa -

t i c n t s .

Iutrluxor,oclc Srunrns

, \rrum samfhs. Serum was obtained from each subiect when 1, 10.

l ( 10 ,  3 (X l .  - 500 ,  700  and  1000  pg  monomer  o r  po l ymer i zed  an t i een

had  been  g i ven ,  Thesc  samp les  u ,e re  ana l yzed  f o r  an t i gen -E -spec i f i c

I eE  and  t o ta l  sc rum an t i gen  E  b ind ing  capac i t y .  Samp les  d rau 'n

Ì ) c fo re  t r ea tmen t  u ,e re  l abe led  p re l r ea tmen t  samp lcs ,  and  t hose

d rawn  w l re  n  
' 10  

pg  o f  AgE  had  been  g i ven  we re  l abe led  ea r l y  t r ca t -

n ìen l .  Sam l ) l es  d rawn  u ,h t ' n  a t  l eas t  100  pg  o f  AgE  Ì i ad  bcen  g i ven

rv t re  a rb i r a r i l y  ca l l cd  l a te - l r ea tmen t  samp les .

l i i c  1 : r cscn t  e  o I  an t i hod ies  o f  o thc r  immt rnog lobu l i n  c l : ì s ses .  An t i -

À1 ra :w tnm!  o . [  AgE- :p t c t l ì t  1gÉ- .  The  se r t t n ]  ( on (e r ì t r : t t i on  o f  l q l i

s l r c r  i î i c  f o r  an t i gcn  I ì  u ,as  n r casu red  u , i t h  t hc  po l ys t v renc - tube  r - r -

r l ì o i r r rmur ro ; r ssa ) ,  t ec  hn i c  p rev ious l y  dcs r : r i b r c l . " ' f hc  ad r ' : i n t agc  o f

t h i s  ass : r y  i s  t ha t  t he  rnea ,su rc rnen î  o f  l u [ ì  an t i boc ì y  i s  no t  a l l ì ' c t cd  b1 ,

qen  ! -  uscd  f r t r  t hese  a r ì ( l  t hc  l o ta l  an t i t r odv  meas t l r emen l s  dc -

sc r ì bec l  bck ru  was  supp l i t c ì  b1 '  l ) r .  F l o l ' d  ì \ 4c l n t i r c  '

i \ f  ru:urtnnl oJ lalal hlur l ; tng aultLtodl r l t t tJtL for -1g8 
' l 'otal 

serum

ant i  gen- [ ' ì -specif ic bindt ns capar: i t '  rv:rs rneasured u' i th a nrodifìca-

t i on  o f ' t ì r c  p rocedu rc  i n i t i a l l r  desc r i bed  b l  L i dd  a t rd  Fa r r ' r ?  I n  l hese

s tud ìes .  an l i g tn  E  was  l a l r e l cd  r l i t h  r r r l ,  and  t hc  : r n t i l r oc l )  \ 1 ' as  P re -

c i l ) i t a ted  L r1 ,  . 10  pe r  t en î  - ca tu ra ted  ; r n l n t r t n i un t  su l i a te  The  an t i -

Lod t  r r a - s  ass r i n rec l  t o  b t  l a rqc l l  I g ( i  because  o f  t ì l c  t on rpa ra t i ve l v

s n r ; i ì l  a r n t o u n l s  o l  I g E  s i m u l t a n e o u s l !  p r e t  i p i t a t e d  ( u t r p u l r l i s l r c d  d a -

t r r .  l n  ; r c l d i l i on .  t he  l eve l s  o l  I gE  spc r : i f i c  f o r  an t i qen  E  s i n r r r l t ane -

,L r s l r  l r r c - sen t  r ve re  ca l< :u l a îed  t o  be  vc r , v  sma l l  b1  a  t  t t n tpa r i son  us -

i r l q  f h r  t echn i ( , s  desc r i bed  above .  l n  t hcse  n l r : asu t  cmen ts '  t o ta l  s l ) c -

r  i l i , .  an t i l , r , t l r  ( b l ock ing  an t i body )  was  c - c t ima ted  t r , v  r hc  a r ì 1 ' ) t r n t  ( ) l

an t i qcn  houn r l  s ' hen  8 [ . ] ( )  nq  o f t r ace - l a l ) e l ed  an t i gen  E  was  added  to

(1 .  I  n r l  o f  se ru rn  anc l  p re r : i J r i t a ted  b ) '  40  l l e r  ce I ì t  sa t t r r a ted  a t l r n ìo l l i -

um su l l : r i c .  P rec ip i t a t i on  t> t cu f red  n ta r  : i l l l i gen  cx<css  and  ap -

y re ; r r cc ì  t t ,  t r e  a  c l ose  es t i n ìa l e  o f  t o ta l  se r t t n l  s l r ec i l ì c  an t i bodv '

. \ Í , t , r r , r , t , t l  , , l  , t l l u l u  t r ! 14ù t . \ î n t ! !  C le l l u l a r  r es l l t r ns i veness  ( re : r c -

t i r  i t t  , , r  sen - . i t i l i t \ ' )  r t ' a s  mea . ^ t t r cd  I r y  h i s tam inc  r t ' l case  f r om human

pc r i phe ra l  l r l r , od  l eukocy tes  r v i t h  use  o f  an t i qen  E .  I ) osc - res1 'o t r sc

i r i s t an r i nc - t  c l cese  (  u r \ ' r l s  \ \ ' e r c  es t ; r b l i shcd  as  P rc r  i oL t s l v  desc r i bed r r

u i t h  usc  o i  3 l t  r t t l  o l  Ì r epa r i n i zed  l l l ood  d rann  bc fo re  t r ca t r l e r r l  r i l t d

a f t c r  cach  r ; r g r . ccd  se l r s t t n .  H i s t : lm ine  r c l cas t  uas  n leasu r t ' ' ì  i l l  l l ì { t s l

c a s c s  ì n  C a r l r  a n d  i a t t  t r e a t n l e n t .  ( ) e l ì u l a r  r c a c t i l ' i t I  u ' a s  d e l i r r e d  a s

thc  l l ax i t n r t n t  J ) c r c t t l l : r qc  o l  t  e l l u l a r  h i s tan l i l l t  r t  l case -  r cq ; r rd l c - ' s  o l

t l i e  an r i gen  E  con ( ( : n t ra t i on  e f f ec t i ng  r c l casc  C je l l u l a r  scns i t i v i t y

r vas  de f i ncd  as  t hc  r ì t r { a t ì vc  l oq  o l  t he  m ic roq ran ts  o f  a r r t i gen  E  re -

r l u i r cd  t o  r c l case  i 0  pc r  ce r Ì î  o r  30  p t r  ( cn l  o f  t hc  c t l l u l a r  h i s ta -

r i r j n c .  
' l h u s ,  

a  n r r n t e r i c e ì  r l e c r e a s e  i n  s e n s i t i v i t v  i n d i t a l c d  t h a t  t h e

| c ì l s  l r a c i  b ( ( ( ) t ì ì e  ì ( ' s s  s e n s i t i v e  1 o  t h c  a n t i g e n i t  s t i m u l i '

Rnsurrs

Cl in ica l  Safe ty

l loutine labr-rratory data obtained on the investi-

ga tor  subsequent  1o  the  acce le ra ted  t ( )u rse  o f  t rea t -

n-rent u' i th Polymerized ragweed antigen E ra'ere nor-

mal .  L ikeu , ise ,  a l l  labora tory  da ta  ob ta ined f rom the

i irst 10 subjects treated u' i th monomer or Polymer
c lu r ing  a  ycar  and a  ha l f  o f  therapy  were  r ìo rmal '

TherJ appeared to be no toxic cffects from the antí-

gen

Trealment Schedules

T a b l e  I  s u m n l a t  i z c s  t l l e  m e i r n  n u n ì l ) c r  o [  i n i e c t i ' r n s

requ i red  to  reac l l  ma in tenance doses  w i th  the  th ree

t re ; tment  schedu les  and the  mean grouP ant ibody

leve l  a t ta ined \4 ,hen l ,  10 ,  70  (ma in tenance) '  100,  300

anci -500 pg of antigen E had been given 
' fhese 

data

show that i tandard treatment schedule required ap-

proximately 29 inject ions to reach maintenance with

àither polymer or monomer. When the polymerized

ant igen was g iven in  doub l ing  dose s ,  the  number  o f  in -

ject ións reqùred to reach maintenance was redttced
' io  

less  tha ;  ha l f  tha t  o f  s tandard  therapy  However ,

by use oi the tr ipl ing-dose schedule, maintenance

doses of polymer could be given with nine we.ekly in-

iect ions. No local reactions were encountered in this
' iea<t ion  

th rec  hours  a f te r  the  in jec t ion  upon rece iv ing

the  in i t ia l  ma in tenance dose.  A f te r  the  main tenancìe

dosc was reached, al l  groups received an equivalent

arnount  o [  an t igen per  in jec t ion  
'1 'hus ,  

in  la Îe  t rea t -

ment  the  sau ings  in  t ime rvhen th is  reg imen was used

d id  no t  s tead i l y  inc rease.
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T a b l e  1 .  N u m b e r  o f  I n j e c t i o n s  R e q u i r e d  t o  G i v e  I n c r e a s i n g
Amounts of  Ant igen E (AgE) by Three Separate Therapeut ic
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Sroup rece ived orr t l -re average more antigen per injec-
t ion than those tfeated \4' i th monomer.

A l l  the  senera l i zcd  reac t ions  in  bo th  t rearment
groups  were  min in la l ,  cons is t ins  o f  mi ld ,  genera l i zed
ur t i car ia  o r  a  fee l ine  o f  t igh tness  in  the  ches t ,  tha t  was
reversed by  ep inephr ine  or  anr ih is tamine g iven by
mouth .  A l though these reac t ions  were  no t  severe ,  they
rcpresented  the  po ten t ia l  fo r  ser ious  adVerse  reac t ions
and were considered of rrotential imoortance.

I t  i s  impor tan t  tha t  u , i ih  po l r  mer ized  anr igen E one
of  the  two sys temic  reac t ions  u ,as  doubt fu l l v  due to
the  po lymer ,  tha t  the  o ther  r r 'as  a  rn i ld ,  la re  u r t i car ia l
reac t ion ,  tha t  approx imate lv  1500 gg  (375,000 pro-
te in  n i t rogen un i ts )  more  o f  an t igen E po lvmer  were
g iven than monomer  and rha t  the  to ta ì  dosage o f  po ly -
mer antigen E given was apprr-rximately equivalent to
27 pa t ien t -years  o f  s tandard  immunotherapy .

lmmuno log ic  S lud ies

Rlotl inc ttr t l iborl l ' .  Blockine antibodv inrreased from
pre t rea tment  levc ls  in  a l l  sub- jec ts .  In  some cases ,  peak
leve ls  o [  b lock ing  an t ibodv  in  la te - r r ra tn ìen t  samples
\^ /c re  n lo fe  than 1{ )  t imes prer rca tn len t  leve ls .  The
nrear t  r i se  in  b lock inq  an t rbodr '1or  eac . Ì r  t r . ta rn len t
group \^,as approximately f ivefold. f  he mean los
(+ .S.D. )  fo r  the  n)onomcr - r rea ted  qroup rose  f rom
2.7+0.3  to  3 .4 t0 .2 ,  whereas  tha t  fo r  the  po lymer -
t rea ted  qrc l l rp  rose  f rom 2 . ( r40 .4  to  3 .3*11.4 .  l -he  lcv -
e ls  o f  b lock ing  an t ibod i ,  in  mosr  par ien ts  rcmained
stable after reaching peak levels; however, in a few
Jratients the blocking antibody began to fal l  late in
treatment. 

-fhis 
phenomenon has been observed by

other  inves t iga tors .  la ' r  5

As shown in Tafi le 1, the t ime recluired for maximal
production of blocking antibody is related to the
quant i t y  o f  an t igen g iven per  in jec t ion .  

- lhus ,  
the

mean leve l  a t ta ined in  the  groups  t rea ted  by  the  t r i -
p l ing-dose schedu le  a f te r  100 pg  o fan t igen E had been
g iven was grea ter  than tha t  in  any  o ther  g roup in  sp i te
o f the  fac t  tha t  on ly  13  weeks  had e lapsed s ince  the  be-
g inn ing  o f  t rea tment .

,91ncqftc IgE. 
'lhe 

change in serum IgE specific for
antieen E from pretreatment to early and late levels
was similar in both treatment groups. There was no
stat ist ical ly signif icant increase or decrease in early or
late treatment. However. the mean antibodv level for
each eroup decreased in late treatment as compared
u' i th early treatment, but because of the large stan-
dard  dev ia t ions  and smal l  numbers ,  th is  change d id
not reach stat ist ical ly signif icant levels. Serum specif-
ic IgE appeared to increase in each patient with the
beginning of treatment and with each ragweed sea-
son. Because of these complicated changes in IgE lev-
els, we calculated the r ise in serum specif ic lgE after
the ragweed season belore and after treatment. Fig-
ure  1  shows tha t  the  pos t -seasona l  r i se  in  spec i f i c  lgE
was signif icantly reduced after a sinsle season of treat-
rnent  (P(0 .01 ,  w i th  the  pa i red  Student  t - tes t ) .  Th is
wou ld  suppor t  o lher  da ta ,  showing tha t  immunother -
apy  d imin ished the  "boos t "  in  IgE a f te r  a  ragweed
season.  t r ' ,17

" A e L  h o u D d  b r  I  n r l  o i  p ( ) s l - t r c r l D c n t  s e r u m .

l R c f e r s  l o  u s u r l  l r c a l m e n l  r c g i m r D  r n  c l i n t e r l  f ì r a c t i c c  ( s c e  l € À l )

+ l  r g u r e s  i n  p a r e n t h e s r \  d e n ( ) t e  n o  f r t t e n t s

{ (  u m u h l i ! e  d o s e  i l t  n l a i n l c r a n c e  n e c e s s a r i l y  l e s s  s ' j t h  a c c e l e r i l e d  s c h e d u l c s  t n î n  s ' t n
s l r r d r f  d  r n l D Ì u n r ' t h c r a p Ì '

!  N 0 1  d o r e .

Therapeut ic  Safety
' I a b ì e  

2  s u m m a r i z e s  t h e  l o c a l  a n d  s 1 , s 1 s p i c  . . u . -
l i o n s  e n c o u n t e r e d  i n  t h e  c o m b i n e d  e x p e r i e n c c  u , i t h
t h e  t u , o  a n t i s e n s .  S i n t i l a r  a m o u n t s  o f  a n t i q e n  n , e r - e
given to each group,  but  45 t in- res as much ery lhema
and 17 t imes as much wheal  or  indurat ion \^ /as en-
c o u n l e r e d  w h e n  t h e  m o n o r î e r  w a s  u s e d .  F o u r  t i m e s
as many qenera l ized react ions q,ere o l rserved u, i th
m o n o n r e r  a s  p o l y m e r .  T h e  n u m b e r  o f  i n j e c t i o n s  g i v e n
e a c h  q r o u p  w e r e  n e a r l y  t h e  s a m e ,  b u t  t h e  p o l y m e r

T a b l e  2 .  C o m p a r i s o n  o f  L o c a l  a n d  G e n e r a l i z e d  R e a c t i o n s  O b -
ta ined wi th Polymer ized (PRW) and Monomer (RW) Ragweed

A n t i g e n  E .

' f o t A r  
L , R y I I , r 1 ^ *  l N ' ) ( r R A r t { ) N *  ( ì l  N r , R A l  t t t  t )

( ' t ! l t N  ( ) R  U / i l t  a t  R f ^ (  l ( ì N s
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l ) R w  (  t 4 )  6 . 7 ? l

l I  i g u r c s  r n  p r r r n t h c s c s  d c n o t r  n o .  o f  p r L r e n L s
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F i g u r e  . 1  .  S e a s o n a l  C h a n g e s  i n  S p e c i f i c  l g E .

T h e  d i m i n  j s h e d  p o s t - s e a s o n a l  r i s e  i n  l g E  s p e c i f  i c  f  o r  a n t i g e n
E af ter  one year  of  t reatment  wi th e i ther  monomer or  poly-
mer is  s ign i f  icant  at  P<0.01 (arrow) by pai red Student  t - test .
T h e  m e a n  c h a n g e  i n  s p e c i f i c  l g E  i s  s h o w n  b y  t h e  s o l i d  l i n e s .

( ì l lu lar  r t tpot t . : i t r r t tss. ' lab le 3 demonstrates that  in
l a t e  t r e a t m e n t ,  ( e l l u l a r  r e s l ) o n s i v e n e s s  o f  n t o s l  I ) a -
t i e n t s ,  a s  m e a s u r c d  b y  r e a c t i v i t y  o r  s e n s i t i v i t y ,  d e -
c r c r ì s e d .  S e v e r a l  p a t i e n t s ' c e l l s  w e r e  f o u n d  t o  b e c o m e
" t r n r e a c t i v e "  t o  a n t i q e  n  a f t e r  t h e r a p y .  T h i s  p h e n o m -

e n o n  w a s  f o u n d  i n  t h o s e  t r e a t e d  w i t h  m o n o t l e r  o r

PoÌ1 '6.a.
( , l in i ta l  t f f tcac l , .  A l l  subjects  \ \ iere re l ieved of  symp-

t r i n i s  d u r i n g  t h e i r  f i r s t  s e a s o n  a f t e r  t r e a t m c n t .  R a g -
n , r : r d  c o u n t s  d u r i n g  t h e  l 9 l 5  s e a s o n  s h o r a , e d  t h r e e  t o
f c i t r r '  p e a k s  o f  a n t i g e n  e x p o s u r e  t h a t  u ' e r e  a s s o c i a t e d
rv i t  h  peaks in  symptoms exper ienced by a gror , rp of  un-
t l c a t e d  s u b j e c t s  ( F i g .  2 ; .  

' l ' h e  
m e a n  s v m p t o m  s ( . o r e s  o [

t l r e  q r o u p s  t r e a t e d  r v i t h  m o n o n r e r  a n d  p o l v m e r  w , e r e
I t ' s s  t h a n  t h o s e  o f  t h e  u n t r e a t e  d  c o n t r o Ì  r : r o u o .

' l 'h is  
untreated group compr ised threì  ragweed-

s c n s i t i v e  p a t i e n t s  u ' h o  m e t  a l l  t h e  c r i t e  r i a  f o r  e n r r a n c e
i n t o  t h e  ì t u d y .  T h e  m e a n  d a i l y  s v m p r o m  s c o r e s  o l '
t h c s e  p a t i e n t s  a r e  s h o w n  i n  F i g u r e  2 .  I n  a d d i r i o n  t o
t h i s  c o n t r o l  g r o u p ,  1 3  o r  2 3  p a t i e n t s  c o l l e c t e d  s y r r p -
totn scores in  the ragra,eed season before therapy and
a q a i n  i n  t h e  r a g w e e d  s e a s o n  a f t e r  t h e r a p y ,  s e r v i n g  a s
l h e ì r  o w n  c o n t r o l s .  T h e  m e a n  d a i l y  s y r n p t o m  s c o r e s  o f

T a b l e  3 .  C h a n g e s  i n  C e l l u l a r  R e s p o n s i v e n e s s  i n  L a t e  T r e a l -
m e n t  w i t h  M o n o m e r  ( R W )  o r  P o l y m e r ì z e d  ( p R W )  A n t i g e n  E .

l r r r ( . r !  N ( |  r ) l
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these 13  pa t ien ts  be fore  therapy  were  a lmost  iden t i -
cal to those of the untreated control sroup shown tn
F isure  2 .

Dlscussrox

The purpose of this study was to show the cl inical
safety of polymerized ragra,eed antigenr by routine

la l ro ra to ry  da ta ,  to  p rove  i t s  immunogen ic i ty  in  sp i te

o[ a reduced al lergenicity, to ir .rdicatc i1s effect iveness
in  symptom conro l  dur ing  immunotherapy  and to
demonstrate i ts incre ased safèty during immuno-
therapl, with fevver inject ions to reach maintenance.

l 5  2 0  2 5  3 0  5  1 O  1 5  2 0  2 5  3 0

A U G U S Í  1 9 7 5  S E P T E i l B E R

Figure  2 .  Mean Da i ly  Ragweed Po l len  Counts  Averaged Two
Days a t  a  T ime (Upper  Graph)  and Mean Symptom Scores
Recorded dur ing  the  1975 Ragweed Season by  a  Group o f
Untreated Patients and the Groups Treated with Polymer or

Monomer  (Lower  GraPh) .
Representative mean (LS.D.) symptom scores of the treaÎed
and un t rea ted  groups  are  s ign i f  i can t ly  d ì f fe ren t  (P<0.05 ,  by
Student t-test),  as are those for the ìntercurrent days, except

tor day 20 and thereafter.

Dur ing  the  f i rs t  phase o f  the  s tudy ,  one inves l ig . l to r
*,ho received the equivalent of f l l ree years of therapy
(approximately 775 pg of ar.rt igcn E) and those treat-

ed with either monomer or polymer underwell t  I  l i

years of therapy u, i thout any abnormal laboratory da-

ta .  Because o f  îhe  absence o f  any  ev idence o [  tox ic i t l '

the  po lymer ized an t igen was cons idered sa [e  fo r  < : l in i -

ca l  t r ia ls  o f  i rnmunotherapy  in  pa t ien ts  in  the  same
nlanner  as  s tandard  t l ie rapy .

In  the  th i rd  phase,  seven pa t ien ts  t rea ted  w i th  the
polymer were able to reach the ful l  maintenance dose

in  less  than one- th i rd  the  t ime requ i red  lo r  s tandard
therapy .  The sa le ty  o f  the  po lymer ized an t igen may

be a  resu l t  o f  i t s  s lower  absor l r t ion  f rom the  in jec t ion
site and the fact that there are fewer molecules pcr

un i l  we igh t  in  a  po lvmer ,  so  tha t  less  molecu la r  b r idg-
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ing of surface-bound IgE molecules is possible. Fur_
thermore, some antigenic determinants may be in_
side the large polymer that cannot attach to cel l_
bound IsE.

ln theie studies, polymerized antigen E was found
to be as. immunogenic as the monomer, procìucing
comparable levels of blocking antibody durìng theral
py  (Tab le  1 ) .  The produc t ic ,n  o f  an t ibod l ,was  grea ter
in  the  sub jec ts  t rea ted  r t i th  po lymer ized an t igen in  t r i -
pl ing doses than in the othei groups (Table t).  Otspe_
c ia l  in te res t  i s  the  fac t  tha t  a f te r '100 pg  o fan t igen E
had been given, these antibody lei,els appearedio be
greater than in the other sroups t. .ut"d at a slou,er
pace. This form of accelerated- immunotl-rerapv also
fppeared to be associated r.r, i th rapidly fal l ing icrum
IgE specif ic for antigen E in a feu, .ares, in spite of
current ragu,eed seasons. ' l 'hese 

results suggesi there
may be a corrclarion 

. berwee n rapicl ly i ì . . ing f gC;
b lock ing  an t ibody  and decreas ing  an i igen_rpc . i f i .
I s E .

Clel lular responsiveness fel l  in late treatment re_
g;rrdless of rvhich t1,pe of antiqen was used for thcra_
p v  l T a b l e  3 )  A l r h o u e h  c e l l r r l à r  s e n s i t i v i r y ,  n ì a y  D e  r n _
creased soon after treatl l lent is becun, a l inding prcrb-
ably related to an early treatment boost in sirecif ic
IgE, histantine release decreased in late treatment ln a
majori tv of patients.

( l l i n ica l  bene[ i t  \ ^ ,as  seer ì  in  a l l  par ien ts  dur ins  the i r
f i rs t  pos t - t rea tment  season,  suggest ing  rha t  tÉe  po_
lymerized antigen is as cl inicaiì-y ef i i i .ac. ious as the
monomer  or  c rude raqweed.

In^ the  l igh t  o f  these 's tud ies ,  po lymer ized ragweed
r+,as found to be a safe and effecìive form of immuno_
therapy .  I t  i s  immunoeen ic  and resu l ts  in  c l in ica l  im_
provcment comparable to that obtained with mono_
mer antigen E, the major antigenic conrponent of.
ragweed.ó Immunologic changes found lr, l ih polym_
erlzed ragweed were sirni lar to those found rn, i t i r  sian_
dard therapy as reviewed recentìy.r8 Contrarv to oth-
e . r  a t tcmpts  a t  reduc ing  a l le rgen ic i ty ,  such as  fo rma_
l ln  t rea tment  to  mod i fy  an t igen ic  de terminants ,2 . ro  the
anr rgenrc  de terminants  o f  the  po lymer ized an t isen  are
not destroyed or modif ied, bui reiain their native abiì_
r ty  to  induce an t ibody  I t  i s  impor tanr  tha t  the  equ iv_
a len t  ma in tenance dose o f  e i ther  monomer  or  oo lv_
mer  p roduced s imi la r  leve ls  o f  b lock ing  an t ibody .
I\{uch more forminal ized anrigen (al lergoìd) appears
to be required to induce un ani ibody ..r"porlr" i imila.
to that obtained with unaltered u.,t isen.

In  conc lus ion ,  we be l ieve  thar  po ly "mer ized an t igen
represents 

.an improved form of immunotherapy tÉat
rs  as  e l lec t i ve  as  s tandard  immunotherapy  bu t  o f fe rs
the imporrant advanrage of rapidly àúministered
doses with grearer safetyl polymeiizej antieen rvould

a.l ìow a rapidly effect ive dose pre-seasonally and offer
the  advantages  o f  immunotherapy  to  u  g .éu t . .  nu-_
ber of patients with less r isk uni ' l . r ,  ei 'pencl i ture of
t ime, and money. This concept should be applied to
whole ragr.r,eed and other seaional inhalant u,. , , ,g.nr.
A  c l in ica l  t r ia l  us ing  po ly rner ized  grass  an t igen is  be_
ins  eva lua ted .
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