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I .  ABSTRACT

FACTORS THAT MAY INFLUENCE THE FREQUENCIES OF 

ANTIGENIC VARIANTS DETECTED BY MONOCLONAL ANTIBODIES

AND

IDIOTYPY OF CLONAL RESPONSES TO INFLUENZA 

VIRUS HEMAGGLUTININ
«

V7

Tong-nan C. Lin 

Advisor: Je ro a e  L. Schnlaan, M.D.

IE* s ta d ia *  involved in  ay  re se a rc h  c o n s is te d  o f  two a s p e c ts :  (I)

F a c to rs  which aay  in f ln e n c e  the  f re q n e n c ie s  of a n t ig e n ic  v a r i a n t s  

d e te c te d  by aonoclonal a n t ib o d ie s .  The f re q n e n c ie s  o f  a n t ig e n ic  v a r i a n t s  

d e te c te d  by aonoclonal a n t ib o d ie s  a g a in s t  the sane o r  overlapp ing  

a n t ig e n ic  d e t e r a in a n t s  on the  h e a s g g ln t in in  of in f ln en x a  B/L«e/40 v i ru s  

were found to  vary f ro n  10"**® to  <10” ®**. These d i f f e r e n c e s  a re  r e l a t e d  

to  d i f f e r e n c e s  in  the  a v i d i t i e s  o f  the  aonoc lona l a n t ib o d ie s  nsed in  

s e le c t io n :  n a a e ly ,  th e re  i s  an in v e rse  r e l a t i o n s h ip  between an tibody 

a v i d i t y  and d e teo ted  frequency of a n t ig e n ic  v a r i a n t s .  This in v e rse  

r e l a t i o n s h i p  was a lso  fonnd us ing  a s in g le  aonoc lona l an tibody  v e rsn s  

w i ld  type v i m s  and v a r i a n t s .  F u r th e ra o re ,  i t  was fonnd t h a t  on ly  the 

h ig h e s t  a v id i ty  aonoc lona l an tibody  eaployed , c ro s s - r e a c te d  w ith  B/Md/59 

v i r u s  sugges ting  t h a t  aonoc lona l an tibody  to  th e  sane a n t ig e n ic  s i t e  aay  

be s p e c i f i c  or c r o s s - r e a c t iv e  depending on an tibody  a v id i ty .  When 

aonoclonal a n t ib o d ie s  to  d i f f e r e n t  a n t ig e n ic  d e t e r a i n a n t s  o f  PR8  v i r u s

e
l



h e a a g g lu t in in  v a ra  eoaparad  w ith  raap a o t  to  a v id i ty  and fraqnancy of 

v a r i a t i o n ,  no c l a a r  cn t r e l a t i o n s h ip  was a v id a n t ,  sugges ting  t h a t  

frequency of v a r i a t i o n  i s  a l so  in fluanoad  by f a c to r s  o th e r  than an tibody  

a v id i ty .  Vhan aonoc lona l a n t ib o d ie s  a g a in s t  X31 h e a a g g lu t in in  v a ra  

eaployed in  the s tu d ie s ,  sev e ra l  o b se rv a t io n s  were aade: (a) an in v e rse

r e l a t i o n s h i p  between an tibody  a v id i ty  and d e te c te d  f re q n e n c ie s  of 

a n t ig e n ic  v a r i a n t s  was found us ing  a s in g le  aonoc lona l an tibody  (X146) 

and d i f f e r e n t  v i r u s e s ,  (b) th e  c o n c e n tra t io n  of an tibody  used in  v a r i a n t  

s e le c t io n  a f f e c te d  the  d e te c te d  frequency of a n t ig e n ic  v a r i a n t s  a t  l e a s t  

in  soae  in s ta n c e s ,  (c) d i f f e r e n t  frequency of a n t ig e n ic  v a r i a n t s  were 

d e te c te d  by aonoc lona l an tibody  XT103 when d i f f e r e n t  assay  s y s t e a s  

(an tibody p re s e n t  on ly  du ring  p r e - in o c u la t io n  p e r io d  v e rsu s  an tibody  

p re s e n t  bo th  during  p r e - in o c u la t io n  and p o s t - in o o u la t io n  per iods)  were 

eaployed .

( I I )  Id io ty p e  of c lo n a l  responses  to  in f ln e n a a  v i r u s  h e a a g g lu t in in .

Syngeneic and hoaologous a n t i - i d i o ty p e  a n t i s e r a  were used to  study  

the  c lo n a l  responses  of n ic e  to  in f lu e n z a  v i ru s  h e a a g g lu t in in .  Ex tensive  

c r o s s - r e a c t i v e  id io ty p y  was d e a o n s t r a te d  aaong aonoc lona l a n t ib o d ie s  to  

d i s t i n e t  a n t ig e n ic  d e t e r a i n a n t s  on PR8  h e a a g g lu t in in .  A nalys is  o f  

id io ty p e s  on aonoc lona l a n t ib o d ie s  to  B/Lee HA rev e a le d :  (a) a t ru e  

in d iv id u a l  id io ty p e  n o t  shared by any o th e r  aonoc lona l an tibody , (b) 

id io ty p ic  d e t e r a in a n t s  shared by a few aonoc lona l a n t ib o d ie s ,  and (e) 

c r o s s - r e a c t i v e  id io ty p e s  which could  be d e te c te d  on a l l  of the  aonoclonal 

a n t ib o d ie s  t e s t e d .  In  a d d i t io n ,  when the id io ty p e s  expressed  during  

p r i a a r y  and secondary responses  o f  BALB/c a i c e  i a a u n iz e d  w ith  in f lu e n z a  

B/Lee v i r u s  were ex aa ined  i t  was found th a t  soae  c r o s s - r e a c t i v e  id io ty p e s



were expressed during  p r i a a r y  end second try  responses  whereas o th e rs  were 

d e te c te d  only in  the p r in s r y  or secondary response.

F u r th e ra o re ,  i t  wss fonnd t h s t  t h i s  c r o s s - r e a c t i v e  id io ty p e  i s  no t 

p re s e n t  a t  b i r t h ,  bn t  appeared s h o r t ly  (7 days) a f t e r  b i r t h  and p e r s i s t s  

in  a d n l t  n ic e .  When se ra  froai v a r io u s  s t r a i n s  o f  n ic e  ob ta ined  b e fo re  

and a f t e r  i a a n n ix a t io n  w ith  B/Lee v i m s  were t e s t e d  f o r  a n t i v i r a l  

an tibody  and e x p re s s io n  of IdX. low le v e l s  of c r o s s - r e a c t i v e  id io ty p e  

were d e te c te d  in  the se ra  of a l l  s t r a i n s  fo llo w in g  p r i a a r y  an d /o r  

secondary i a a n n ix a t io n .  These r e s u l t s  d e a o n s t r a te  t h a t  the  ex p re ss io n  of 

IdX fo llo w in g  ia a n n ix a t io n  w ith  B/Lee v i r u s  i s  no t under Igh-C or MHC 

gene c o n t ro l .

When the  ex p ress io n  of t h i s  IdX in  a i c e  ia a u n ix e d  w ith  n a tu ra l  

v a r i a n t s  of in f lu en x a  B/Lee v i r u s  was s tu d ie d ,  s i a i l a r  low le v e l s  of 

c r o s s - r e a c t i v e  id io ty p e  were a lso  d e a o n s t r a te d .  This sugges ts  th a t  the 

saae  g e r a l in e  genes a re  eaployed in  the responses  to  v a r i a n t s  and to  

B /Lee v i ru s .
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V. AIMS

More than i  thousand fo ld  d i f f e r e n c e  of f re q n e n c ie s  of a n t ig e n ic  

v a r i a n t s  d e te c te d  by aonoclonal a n t ib o d ie s  was r e p o r te d  bo th  f ro a  

d i f f e r e n t  l a b o r a to r i e s  and v i t h i n  the saae  la b o ra to ry .  One a a i n  pnrpose 

o f  ay re se a rc h  was to  e ln c id a te  the  p o s s ib le  e x p lan a t io n s  fo r  these  

d is c re p a n c ie s  in  the frequency of v a r ia n t s  d e te c te d  by d i f f e r e n t  

aonoc lona l a n t ib o d ie s .  To address  t h i s  q u e s t io n ,  a s e r i e s  o f  aonoclonal 

a n t ib o d ie s  s p e c i f i c  fo r  PH8 , X31 and B/Lee v i r u s e s  s p e c i f i c  fo r  the  saae  

(or overlapp ing) a n t ig e n ic  d e t e r a in a n t ( s )  and /o r  a g a in a t  d i f f e r e n t  

d e t e r a in a n t s  on the h e a a g g lu t in in s  of the r e s p e c t iv e  v i r u s e s  were used in  

these  s tu d ie s .  In  a d d i t io n ,  the  saae  aonoclonal an tibody  was t e s t e d  w ith  

w ild  type and v a r i a n t  v i ru s e s  to  study the  e f f e c t  of an tibody  a v id i ty  on 

d e te c te d  frequency of a n t ig e n ic  v a r i a n t s .  F u r th e r a o re ,  s e r i a l  d i l u t i o n s  

of a s c i t e s  f l u i d  c o n ta in in g  aonoclonal an tibody  and d i f f e r e n t  assay  

s y s t e a s  were a l s o  eaployed  in  the  s tu d ie s .

The second a i a  of the r e s e a rc h  was to  in v e s t ig a t e  the  c lo n a l  b a s i s  

of ia au n e  responses  to  in f ln en x a  v i r a l  HA by s tudying  th e  id io ty p y  of 

aonoclonal a n t ib o d ie s  and the d i v e r s i t y  of these  c lo n a l  responses  to  

in f ln en x a  v i r u s  HA. To address  t h i s  q u e s t io n ,  a n t i - i d i o ty p e  a n t i s e r a  

r a i s e d  in  syngeneic (BALB/e a i c e )  and hoaologous (A/J a i c e )  s y s t e a s  were 

eaployed to  study: ( i )  c r o s s - r e a c t i v e  id io ty p e s  aaong aonoc lona l 

a n t ib o d ie s  e i t h e r  a g a in s t  overlapp ing  or d i f f e r e n t  a n t ig e n ic  d e t e r a in a n t s  

on PR8  and B/Lee v i ru s  HA, ( i i )  the  ex p ress io n  of these  id io ty p e s  during  

p r i a a r y  and secondary a n t i v i r a l  responses  of BALB/c a i c e ,  ( i i i )  the 

ontogeny of the  c r o s s - r e a c t i v e  id io ty p e  response ip  BALB/c a i c e ,  ( iv )  

whether t h i s  c r o s s - r e a c t i v e  id io ty p e  response i s  under Igh-C or NBC

x i



c o n t ro l ,  and (▼) the  id io ty p e*  expressed  by BALB/c a i c e  in  response 

im m unization w ith  n a tu r a l  ▼ariants o f  B/Lee v i r u s .



VI. INTRODUCTION 

A. GENERAL FEATURES AND CLASSIFICATION OF INFLUENZA VIRUSES:

In f lu en z a  v irn ae a  a re  c l a a a i f i e d  aa a v x o v l rn i e t .  which a re  aaiall 

(80-120 nai in  d i a a e t e r )  enveloped a n i a a l  v irn a e a  c o n ta in in g  a in g le -  

a tranded ,  aegaented  RNA genoae of n eg a t iv e  p o l a r i t y  (reviewed by Choppin 

and Coapana, 197S). The in f ln en x a  v i r i o n a  are  coapoaed of 1-2% RNA, 6 8 -  

70% p r o te in ,  20-25% l i p i d  and 3-8% ca rbohydra te  (reviewed by Nayak,

1977).

The e x te rn a l  anrface  of the  v i r io n a  ia  covered by a p ik e - l ik e  

g ly c o p ro te in * ,  h e a a g g lu t in in  (HA) and n e n ra a in id a a e  (NA). HA, c o a p r ia e a  

a o r e  than  90% of the  apike* (D rseniek, e t  a l „  1968), i* involved in  the 

a t t a c h a e n t  to  the hoat o e l l  an rface  (Lazarow itz  and Choppin, 1975) and 

p robab ly  a lao  in  fn a io n  to  ly a o ao aa l  a e a b ra n e s  (White, e t  a l . ,  1982) 

du ring  the  i n i t i a l  a tage  of v i rn *  in f e c t io n .  NA, c o a p r ia e a  abont 10% of 

th e  ap ikea, ia  involved in  the  r e le a a e  of progeny v irn*  p a r t i c l e *  f ro a  

in fe c te d  c e l l*  (Seto  and R o t t ,  1966) and the  p re v e n t io n  o f  ag g reg a t io n  of 

newly fo raed  v i r a l  p a r t i c l e *  (Pa leae , e t  a l . ,  1974). Beneath the  apikea 

a re  the h o a t -d e r iv e d  l i p i d  b i l a y e r  aea b ra n e  and und er ly in g  a a t r i z  (M) 

p r o te in  la y e r .  N p ro te in *  a re  the a o a t  abnndent p r o te i n  in  th e  v i r i o n  

(33% of the  t o t a l  p ro te in )  b u t  a re  fonnd in  only r e l a t i v e l y  low 

co n ce n tra t io n *  in  in f e c te d  e e l l a ,  anggeating  t h a t  ayn thea ia  of N p r o te i n  

aay  be a r a t e - l i a i t i n g  a tep  in  v i r i o n  a a t n r a t i o n  (L azarow itz ,  e t  a l . ,  

1971). The core coaponent of the v i r i o n ,  r ib o n u e le o p ro te in  (RNP) 

coap lex ,  ia  coapoaed of n n c le o p ro te in  (NP), 3 p o ly a e ra a e  (P) p ro te in *  and 

8  genoaic  RNA aegaen t*  in  th e  caae of in f ln en x a  A and B v irn a e a ,  and 7 

segaen ta  in  he caae of in f lu e n z a  C v irn *  (review ed by Choppin and 

Coapana, 1975). Ulaanen, e t  a l .  (1981) r e c e n t ly  anggeated t h a t  PB2
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p ro te in  recognize*  the 5 ' - t e r a i n a l  cep 1 s t r n c tn r#  (*^6 pppNa ) on RNAa, 

and PB1 p r o te in  i n i t i a t e s  t r a n s c r i p t i o n  v ia  the  in c o rp o ra t io n  of a 

gnanosine re s id u e  onto the 3' end of a capped SNA f r a g a e n t .  The 

a o l e c u la r  w eigh ts  of in f lu en za  A v i rn a  SNA s e g a e n ts ,  t h e i r  corresponding  

gene p roduc ts  and the  fn n c t io n s  of theae p ro te in s  where these  a re  known 

a re  s n a a a r iz e d  in  Table I .

In f lu en z a  v i rn s e s  a re  c l a s s i f i e d  in to  3 types  (A,B and C) acoording 

to  s e ro lo g ic a l  r e la te d n e s s  of t h e i r  i n t e r n a l  p ro te in s .  Thus, the 

n s c le o p ro te in  and N p r o te in s  of a l l  in f lu e n z a  A v i rn a  s t r a i n s  e r o s s - r e a c t  

s e r o lo g ic a l l y ,  whereas th e re  i s  no c r o s s - r e a c t i o n  aaong in f ln e n z a  A, B 

and C v i ru s  in t e r n a l  p r o te in s  (P e re i r a ,  19(9). Type A v i r u s e s ,  un like  

in f lu en za  B and C v i r n s e s ,  can in f e c t  and be t r a n a a i t t e d  in  n a tu re  aaong 

a n i a a l  sp ec ie s  o th e r  than aan ,  and a re  a s s o c ia te d  w ith  p andea ic  d is e a s e s  

(reviewed by K ilbourne , 1975). Like in f lu e n z a  A v i r u s ,  in f lu e n z a  B v i r u s  

a l s o  co n ta in s  8  SNA s e g a e n ts  whereas on ly  7 se g a e n ts  have been d e te c te d  

in  in f ln en za  C v i rn a  (K acan ie llo  and P a le se ,  1979). In  a d d i t io n ,  i t  

should be noted  t h a t  n e n ra a in id a se  i s  found in  in f ln e n z a  A and B v i rn s e s ,  

bn t no t in  in f ln e n z a  C v i r u s  (Kendal, 1975: K acan ie l lo  and P a le se ,  1979).

In f ln en z a  A v i r n s e s  a re  subd iv ided  in to  subtypes acoording  to  c ro s s ­

r e a c t i v i t y  o f  t h e i r  sn rfaee  g ly c o p ro te in s  in  doable  i a a u n o d i f f u s io n  t e s t  

(S h ie ld ,  e t  a l . .  1980). The 12 h e a a g g ln t in in  anbtypes a re :

HI (p re v io u s ly  HO, HI, Hgyi)

H2 (p rev io u s ly  H2)

H3 (p re v io u s ly  H3, Heq2, Hav7)

H4 (p rev io u s ly  Hav4)

H5 (p re v io u s ly  HavS)

H( (p rev io u s ly  Hav()
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H7 ( p r e v i o s t l j  Havl, Heql)

H8  (p rev io u s ly  Hav8 )

H9 (p re v io u s ly  Hsv9)

H10 (p rv io u s ly  Hsv2)

H ll (p re v io u s ly  Hev3)

HI2 (p re v io u s ly  HuvlO)

The n ine  n e u r s a in id s s e  subtypes e re :

N1 (p re v io u s ly  Nl)

N2 (p re v io u s ly  N2)

N3 (p re v io u s ly  Nav2, Nuv3)

N4 (p re v io u s ly  Nav4)

N5 (p re v io u s ly  Nsv3)

N6  (p re v io u s ly  Nuvl)

N7 (p re v io u s ly  Neql)

N8  (p re v io u s ly  Neq2)

N9 (p re v io u s ly  Nav6 )

The subtypes of in f lu e n z a  A v i ru s e s  th a t  in f e o t  huaans a re :  (reviewed by 

Schulaan , 1978; Young and P a le ae ,  1979; Bean, a t  a l . ,  1980)

New Grouping S y s tea  1971 S y s tea  Years

H1N1 HON1 1929-1946

H1N1 H1N1 1946-1937

H2N2 H2N2 1957-1968

H3N2 H3N2 1968-present

H1N1 (reappea rance)  H1N1 (reappearance) 1977-presen t

r eco a b in an ts  of reco a b in an ts  of 1978-presen t

H1 N1  snd H3N2 H1N1 and H3N2

3



TABLE I

MOLECULAR WEIGHTS (IN DALTONS) OF INFLUENZA A VIRUS RNA SEGMENTS, 

THEIR CORRESPONDING PROTEINS AND FUNCTIONS OF PROTEINS

Segment molecular weight gene product(s) 
__________ of vRNA(10~4)a____________________

molecule weight of 
viral protein(10~3)k

3

4

89

89

86

66

56

48

28

21

PB2

PBI

PA

HA

NP

NA

Ml«21-27c 
M2-15

NS1 23-30d 
NS2 11-14

87

89-96

80-83

75-80
HAj=49-60

HA2“ 23-30

55-65

55-70

 function of viral protein______
the smaller of the two basic P pro­
teins; recognizing the 5'-terminal 
cap structure on RNAs.(Ulmanen,1981)
the larger of the two basic P proteins; 
the initiation of viral RNA trans­
cription (Ulmanen, 1981).
acidic P protein; elongation of the 
viral mRNA (?) (Ulmanen, 1981).
major surface glycoprotein; attachment 
to the host cell surface; Ab to HA is 
neutralizing. (Lazarowitz and Choppin, 
(1975).
major component of ribonuclear protein 
complex; may be responsible for stabil­
ity of RNP complex.
minor surface glycoprotein; involved in 
the release of progeny viral particles 
from infected cells and prevention of 
aggregation of newly formed viral part- 
icles(Seto and Rott,1966;Palese et al. 
(1974).
matrix protein underneath the viral 
envelope; step-limiting component in 
virion maturation (Lazarowitz et al., 
1971).
nonstructural proteins;function unclear



(TABLE I)

a. Values are from Desselberger and Palese, 1978.

b. Values are from Inglis et al. 1976; reviews of Nayak, 1981 and Choppin and Compans,1975.

c. Mj and M 2  are overlapping proteins which are coded by the same M gene via different 
reading frames (Winter and Fields, 1980; Allen et al. 1989; Lamb et al. 1981).

d. Both NSj and NS 2  are coded for by the smallest vRNA segment. The coding regions of NSj
and NS2  mRNA are in different reading frames. (Lamb et al. 1978; Lamb and Lai, 1980).
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B. SPECIFIC IMMUNE RESPONSES TO INFLUENZA VIRUS INFEClION.

There i s  abundant evidence th a t  s p e c i f i c  an tibody  to  HA p re s e n t  a t  

the  t i a e  of v i r u s  c h a l l e n g e ' i s  p r o t e c t i v e ,  th a t  ia a u n e  s u b je c t s  a re  le s s  

l i k e l y  to  becoae in f e c te d ,  and i f  in fe c te d  develop le a s  s e r io u s  d is e a s e  

than  non-imaune s u b je c t s .  Moreover, p a s s iv e  i a a u n i s a t i o n  w ith  s p e c i f i c  

an tibody  a t  the  t i a e  of ch a l len g e  has been shown to  be p r o te c t iv e .  Hence 

th e re  i s  l i t t l e  doubt th a t  anti-HA an tibody  e x e r t s  a s i g n i f i c a n t  e f f e c t  

a t  l e a s t  e a r l y  in  in f e c t io n .  In a d d i t io n ,  an tibody  to  n e u ra a in id a s e  

a l though  la ck in g  n e u t r a l i s in g  a c t i v i t y  has a l s o  been shown to  co n fe r  

p r o te c t io n  e a r ly  in  in f e c t io n  (reviewed by Schulaan , 1975).

In a d d i t io n  to  h u a o ra l  responses ,  c e l l  a e d ia te d  ia a u n e  (CMI) 

responses  a re  a lso  e l i c i t e d  by in f lu e n sa  v i r u s  in f e c t io n  and to  aoae 

e x te n t  fo l lo w in g  i a a u n i s a t i o n  w ith  f o r n a l i n  in a c t iv a te d  v i r u s .  To begin  

w ith ,  an tibody  response to  in f lu e n s a  v i r u s  HA i s  T dependent ( V i r e l i s i e r ,  

e t  a l . ,  1974). In  a d d i t io n ,  M H C -restrie ted  c y to to x ic  T c e l l  responses  

(Tap and Ada. 1978), in c re a se d  NR c e l l  a c t i v i t y  (Vyde, e t  a l . ,  1978), 

an tibody  dependent c e l l u l a r  c y t o to x i c i t y  (ADCC) (Greenberg, e t  a l . ,

1979), b la s to g e n ic  responses  to  in f lu e n s a  v i r u s  a n t ig e n s  in  v i t r o  (D olin , 

e t  a l . ,  1978), and delayed  type h y p e r s e n s i t i v i t y  r e a c t io n  (Habershon, e t  

a l . ,  1973) a l l  have been dem onstra ted , bu t  t h e i r  c o n t r ib u t io n  to  recovery  

f ro n  i n f e c t io n  o r  p a th o g en es is  o f  d is e a s e  i s  s t i l l  c o n t ro v e r s i a l .

Follow ing  in f e c t io n  w ith  in f lu e n s a  v i r u s ,  a th y a ic  nude n ic e  nake 

l i t t l e  an tibody , develop nuch l e s s  p u la o n a ry  i n f l a a a a t i o n ,  and su rv iv e  

longer than n o rn a l  a i c e .  On the o th e r  hand, v i r u s  i s  c le a re d  le a s  

r a p id ly  and i s  a o re  o f te n  d is sem in a ted  to  o th e r  organs in  nude a ic e  

(Vyde, e t  a l . ,  1977; S u l l iv a n ,  e t  a l . ,  1976). A d m in is t ra t io n  of a n t i -

lyaphocy te  s e ru a  (ALS) to  a i c e  in f e c te d  w i th  in f ln e n s a  v i r u s  r e s u l t s  in
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reduced lung le s io n s  snd in c re a sed  s u rv iv a l  in  a s s o c ia t io n  w ith  decreased  

lung v i r u s  t i t e r s  snd in c re a se  in  HI an tibody  t i t e r s  (Suzuki, e t  a l . ,

1974). Cyclophosphaside (an a n t i - i n f  l a a a a t o r y  d rug), when in j e c te d  in to  

■ ic e ,  (a) converted  a r e l a t i v e l y  benign  in f e c t io n  w ith  an a v i r u l e n t  

s t r a i n  of in f lu e n s a  v i r u s  in to  a aevere  in f e c t io n  a s s o c ia te d  w ith  

ex ten s iv e  pneuaonia and dea th ,  and (b) in c re a sed  the  m o r t a l i ty  r a t e  of 

■ ice  in f e c te d  w ith  lo v  c o n c e n tra t io n s  o f  v i r u l e n t  v i r u s ,  bu t lengthened  

the s u rv iv a l  t i a e  of a i c e  in fe c te d  v i t h  high c o n c e n tra t io n s  of the saae  

v i r u l e n t  s t r a i n  (Hurd and Heath, 1975). Schulaan  e t  a l .  (1977) shoved

(a) t h a t  t r e a t a e n t  of in f lu e n sa  v i r u s  in fe c te d  n ic e  v i t h  a n t i - th y a o c y te  

s e ru a  (ATS) r e s u l t e d  in  s lo v e r  v i ru s  c lea ran ce  and d im in ished  s e ru a  a n t i -  

HA an tibody  t i t e r s ,  and (b) th a t  adop tive  t r a n s f e r  of s e n s i t i z e d  sp leen  

c e l l s  r e s u l t e d  in  a a o re  ra p id  v i r u s  c lea ranoe  in  the  r e c i p i e n t s .  Tap 

and Ada (1978) a l s o  shoved th a t  the  adop tive  t r a n s f e r  of secondary ia au n e  

c y to to x ic  T c e l l s  led  to  a o r e  ra p id  re d u c t io n  o f  in f lu e n z a  v i r u s  t i t e r s  

in  aouse lungs and p r o te c te d  a i c e  f r o a  dea th . Moreover, th e se  l a t t e r  

au th o rs  dem onstra ted  th a t  the  e f f e c t o r  c e l l  p o p u la t io n  v h ich  co n fe rred  

t h i s  e f f e c t  were Ly 2+3+ and r e q u ire d  c o a p a t a b i l i t y  a t  the I  o r  D end of 

the  H2 locus ,  and hence shared c h a r a c t e r i s t i c s  in  coaaon  v i t h  o y to to x ic  T 

c e l l s  (Tap and Ada, 1978).

Taking to g e th e r  a l l  th e  above experim en ts :  The T c e l l  dependency o f  

sn tibody  response  to  in f lu e n x s  v i r u s  HA is  c o n f i r a e d .  These r e s u l t s  s i  so 

suggest t h a t  c y to to x ic  T c e l l s  p robsb ly  c o n t r ib u te  s i g n i f i c a n t l y  to  v i r u s  

c le s ra n c e ,  snd th a t  CMI responses  a i g h t  c o n t r ib u te  e i t h e r  to  recovery  or 

to  pa th o g en es is  of d is e a se  depending on the  methods eap loyed  snd the  dose 

and the v i ru le n c e  of the  v i r u s  used i s  ch a l len g e .



C. GENETIC VARIATION OF INFLUENZA VIRUSES.

Although in f lu e n z a  v i r u s  was f i r a t  i s o l a t e d  f r o a  fowl p laque in  

1901. f ro a  p igs  (Shope. 1931) in  1931 and f r o a  hnaans (S a i th ,  a t  a l . ,  

1933) in  1933, and has been s tn d ie d  e x te n s iv e ly  s ince  then, c o n t ro l  of 

p andea ic  and e p id e a ic  in f ln e n z a  has no t  been achieved. To a g r e a t  

e x te n t ,  t h i s  f a i l u r e  r e f l e c t s  the unusnal c a p a c i ty  of in f ln e n z a  v i ru s e s  

in  n a tu re  to  change t h e i r  su rface  p r o t e i n s ,  HA end NA. Two k inds of 

changes have been c l a s s i f i e d ,  a n t ig e n ic  s h i f t  and a n t ig e n ic  d r i f t  

(Webster and Laver, 197S). A ntigen ic  s h i f t s  have been observed thus  f a r  

only in  in f ln e n z a  A v i r n s e s  and occnr a p p ro x ia a te ly  every  10 to  20 y e a rs .  

I t  has been suggested  t h a t  these  v a r i a n t s  a r i s e  by r e c o a b in a t io n  of hnaan 

s t r a i n s  and in f lu e n z a  A v i r u s  r e s id e n t  in  a n i a a l  o r  av ian  sp ec ie s  

(K ilbourne, 19(8; Webster and Laver, 197S; S c h o l t i s s e k ,  e t  a l . ,  1978) or 

h y p o th e t ic a l ly  by reeae rg en ce  of an 'old* s t r a i n  (N ak a jiaa ,  e t  a l . ,

1978). A nalysis  of H2N2 and H3N2 s t r a i n s  by RNA h y b r id i z a t i o n  has 

provided  evidence th a t  the  f o r a e r  oon ta ined  fou r genes (PI, P2, P3, NP) 

de r iv ed  f r o a  an teceden t H1N1 v i ru s  and t h a t  the  l a t t e r  d e r iv e d  al.1 of 

t h e i r  genes excep t the  HA gene f r o a  H2N2 v i r u s .  These da ta  a re  in  accord 

w ith  the  r e c o a b in a t io n a l  theory  of the  appearance of new pan d ea ic  s t r a i n s  

(S c h o l t is s e k ,  e t  a l . ,  1978). On the  o th e r  hand, the  reappearance  in  1977 

of a s t r a i n  of H1N1 v i ru s  a l a o s t  i d e n t i c a l  in  a l l  i t s  genes to  s t r a i n s  in  

c i r c u l a t i o n  in  1950 i s  c o a p a t ib l e  w i th  a re c y c l in g  a o d e l ,  a lthough  

a l t e r n a t e  e x p lan a t io n s  fo r  the  l a t t e r  event have been advanced (N akajiaa ,  

e t  a l . ,  1978). In  any even t,  once a n t ig e n ie a l l y  novel s t r a i n s  have 

appeared, p r e e x i s t in g  an tibody  to  o ld e r  s t r a i n s  in  th e  huaan p o p u la t io n  

i s  no longer  e f f e c t i v e  and pandea ic  d is e a s e  i s  observed.
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A ntigenic  d r i f t  during  the  in t r e p e n d e a ic  p e r io d  has been observed in  

type A in f lu en za  v i r u s e s .  The p rocess  i s  thought to  involve s tepw ise  

n u ta t io n s  which r e s u l t  in  g radual changes in  the  a n t ig e n ic  s t r u c t u r e  of 

v i r a l  su r fa c e  p ro te in s .  Subsequent s e l e c t i o n  in  the p resence of an tibody  

to  the  p rev ious  s t r a i n  favo rs  the  growth of a n t ig e n ic  v a r i a n t s  (V ebster  

and L a v e r .  1975; L av e r ,  e t  a l . ,  1979).

D i f f e r e n t  te ch n iq u es ,  such as n u c le ic  a c id  h y b r id iz a t io n  

(S c h o l t is s e k ,  e t  a l . ,  1978; P a le se ,  e t  a l . ,  1978), o l ig o n u o le o t id e  

napping (N akajina ,  1978; Young, e t  a l . ,  1979; Young and P a le se ,  1979), 

n u c le o t id e  sequencing (P o r te r ,  e t  a l . ,  1979; V in te r ,  e t  a l . ,  1981) 

p e p t id e  napping (Laver and V eb s te r ,  1972), p ep t id e  sequencing (Air, e t  

a l . ,  1981) and nonoclonal a n t ib o d ie s  (Yewdell, e t  a l . ,  1979; Lubeck, e t  

a l . ,  1980) have been used to  in v e s t ig a t e  g e n e t ic  changes in  in f lu en za  

v i r u s e s .

cDNA-KNA h y b r id i z a t io n  a n a ly s i s  r e v e a ls  t h a t  v a r i a t i o n  anong genones 

of type A s t r a i n s  i s  no re  ex te n s iv e  than  anong genones of type B s t r a i n s ,  

and genones of type B s t r a i n s  vary  no re  than  those of type C s t r a i n s  

(P a lese ,  e t  a l . ,  1981). P ep tide  sequence da ta  shows t h a t  the r a t e s  of 

g e n e t ic  d r i f t  f o r  the  n a t r i x  and s o n - s t r u c t u r a l  p r o te in s  a re  no t s low er 

than those  of the HA p r o te i n  w i th in  the sane BA subtypes . T here fo re ,  

an tibody  s e l e c t i o n  does no t  seen to  p lay  a ro le  in  th e  r a t e  of a n in o  ac id  

change during  in t ra p e n d e n ic  p e r io d  (Air and H a l l ,  1981).

G e n e ra l iz a t io n s  drawn f ro n  c o n p a r iso u s  concern ing  a n in o  a c id  

sequence id e n t i t y  and n u c le o t id e  sequence i d e n t i t y  anong d i f f e r e n t  

subtypes of in f lu e n s a  A v i ru s e s  (A/PB/8/34(Hl), A/Jap/57(H2), 

A/Men/102/76(H3), and A/Fowl Plague Virus/Rostoek(H7)) can be seen in  the
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fo llow ing  ta b le  (Brownlee, 1980; V in te r ,  e t  e l . ,  1981; Gething, e t  e l . ,

1980; V erhoeyen , e t  e l . ,  1980):

% N ucleotide C onservation  % Aaino Acid C onservation

Coeipe r  i  son HA1 HA2 HA1 HA2

H1/H2 61 72 38 79

H1/H3 43 38 33 33

H1/H7 44 38 33 31

H2/H3 43 37 36 30

H2/H7 46 39 33 33

H3/H7 43 66 36 63

HI and H2 a re  a o re  hoaologons to  one another than to  o th e r subtypes

te s t e d  here ; t h i s  sugges ts  they  d iverged  a o re  r e c e n t ly  f ro a  one another 

than o th e r  subtypes. HA1 shows a o re  v a r i a b i l i t y  aaong subtypes than  BA2 

in  a l l  cases .  Thus the  d i s e r i a i n a t i o n  of subtype a i s  p r i a a r i l y  dependent 

on BA1.

F u r th e ra o re ,  f r o a  co ap a r iso n s  of the  N l^ - t e r a i n a l  reg io n  of HA1 (20% 

of the  whole HA aequenoe) o f  32 v i r u s  s t r a i n s .  A ir (1981) was ab le  to 

c o n s t ru c t  a proposed e v o lu t io n a ry  t r e e  aaong 12 h e a a g g lu t in in  subtypes 

(F ig u r e  1).

Although HA a o le c u le s  of d i f f e r e n t  subtypes of A v i r u s e s  (V in te r ,  e t  

a l . ,  1981; G e th in g ,  e t  a l . ,  1980; V erhoeyen , e t  a l . ,  1980) and B v i r u s  

(K ry s ta l ,  e t  a l . ,  1982) show a g re a t  degree of sequence v a r i a b i l i t y  and 

len g th  d i f f e r e n c e ,  the  sequences re q u ire d  f o r  s t r u c t u r e  and fu n c t io n  of 

HA appear to  r e a a i n  r e l a t i v e l y  unchanged. These inc lude  a hydrophobic 

s ig n a l  p e p t id e ,  the  a a in o  t e r a in u s  of HA2 (which aay  be involved in  

fu s io n  of v i r a l  and h o s t  a ea b ra n e s  (V h ite ,  e t  a l . ,  1981)), hydrophobic
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F ig a ro  1 .  S i f w a o t  r e l a t i o n s h i p *  aaong th e  12 BA i s b t y p n

( f r o a  O.K. A ir ,  19*1)
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aa in o  ac id s  a t  the carboxy te rm inus  of HA2 (which f ix  HA in  the  v i r a l  

n eab ra n e) ,  most c y s te in e  re s id u e s  (p rov id ing  d i s u l f i d e  bonds re q u ire d  fo r  

p roper c o n fo ra a t io n  of HA) and aany p r o l in e  r e s id u e s  (which presumably 

in f lu en ce  the secondary s t r u c tu r e  of HA), end an HA1-HA2 c leavage s i t e  

involv ing  an a rg in in e  re s id u e .

Since aany g e n e t ic  changes in  the  HA and HA genes do no t  r e s u l t  in 

d e te c ta b le  a n t ig e n ic  changes, s e ro lo g ic  ae th o d s  a u s t  be inc luded  in  the 

a n a ly s i s  in  o rder to  d e te c t  changes a s s o c ia te d  w i th  a n t ig e n ic  v a r i a n t s .

In t h i s  r e s p e c t ,  aonoclonal a n t ib o d ie s  have a d i s t i n c t  advantage over 

h e te ro logous  ia a u n e  se ra  in  t h a t  they  can be app l ied  to  d e te c t  s p e c i f i c  

v i r u s  v a r i a n t s  r e s t r i c t e d  to  a p a r t i c u l a r  a n t ig e n ic  d e t e r a in a n t .  So f a r ,  

aonoclonal a n t ib o d ie s  to  in f lu e n s a  HA m olecu les  have been r a i s e d  in  

se v e ra l  l a b o ra to r i e s  to  nap the a a in o  ac id  changes a t  the a n t ig e n ic  s i t e s  

(Laver, e t  a l . ,  1979; V ebs te r  and Laver, 1980) and to  s tudy  the 

f re q u e n c ie s  of a n t ig e n ic  v a r i a n t s  (Laver, e t  a l . ,  1979; Yewdell, e t  a l . ,  

1979; Lubeck, e t  a l . ,  1980 ; P o r t n e r ,  a t  a l . ,  1980).

The i n i t i a l  s t r u c t u r a l  s tu d ie s  on v a r i a n t s  s e le c te d  v i t h  aonoc lona l 

a n t ib o d ie s  were p r i a a r i l y  focused on th e  H3 subtype fo r  which a a in o  ac id  

sequence d a ta  was a v a i la b le .  Laver, e t  a l .  (1979) used aonoc lona l 

a n t ib o d ie s  a g a in s t  A/Meaphis/1/71(H3N2) to  s e l e c t  a n t ig e n ic  v a r i a n t s  

which were then  analyzed by p ep t id e  aapp ing  to  d e t e r a in e  s p e c i f i c  aa in o  

ac id  s u b s t i t u t i o n  a s s o c ia te d  w i th  a n t ig e n ic  s i t e s .  They d e a o n s t r a te d  

th a t  th e re  were a t  l e a s t  3 a n t ig e n ic  a rea a  on H3 HA a o le c u le s ,  and th a t  

a o s t  v a r i a n t s  they s e le c te d  shoved a s in g le  a a in o  ac id  s u b s t i t u t i o n  in  

HA1 and no sequence changes in  HA2. A dd it io n a l  n u c le o t id e  sequence da ta  

on n a tu ra l  v a r i a n t s  of H3 h e a a g g lu t in in  rev ea led  a p a t t e r n  o f  c l u t t e r i n g
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of s u b s t i t u t i o n s  in  four reg io n s  of th e  HA m olecule (Both snd S le igh t 

1981).

With the a v s i l a b i l i t y  of p rim ary  seqnenee d a ta  and d a ta  ob ta ined  by 

z - r a y  c ry s ta l lo g ra p h y .  Wiley, e t  a l .  (1981) were ab le  to  c o n s t ru c t  a 

th re e  d im ensional model of the  1968 H3 hem agg lu tin in . Furtherm ore , a f t e r  

l o c a l i z in g  the s u b s t i t u t i o n s  in  n a t u r a l  and la b o ra to ry  s e le c te d  v a r i a n t s  

they  proposed th a t  th e re  were four a n t ig e n ic  reg io n s  (A, B, C and D) on 

the H3 hem agg lu tin in . The th re e  d im ensiona l s t r u c t u r e  of the  HA of o th e r  

subtypes i s  n o t  a v a i la b le .  However, o th e r  i n v e s t ig a to r s  (Yewdell, e t  

a l . ,  1979; Gerhard, e t  a l . ,  1980) could  i d e n t i f y  a t  l e a s t  four non­

overlapp ing  a n t ig e n ic  reg io n s  on PB8 (H1N1) HA using  a la rg e  panel o f  

monoclonal an t ib o d ie s .

Yewdell, e t  a l .  (1979) using  monoclonal a n t ib o d ie s  to  in f lu e n s a  

A/PR/8/34 (H3N2) v i ru s  d e te c te d  a n t ig e n ic  v a r i a n t s  in  an ' a l l a n t o i s  on 

s h e l l '  s y s te a  and re p o r te d  t h a t  the  f re q u e n c ie s  o f  a n t ig e n ic  v a r i a n t s  fo r  

3 d i f f e r e n t  d e te rm in a n ts  of the  HI h em ag g lu tin in  were in  the  range o f  10 

to  10"®^, Frequencies  of 10“ ^*1 to  10” **® were r e p o r te d  fo r  

A/Memphis/1/71 (H3N2) v i ru s  d e te c te d  e i t h e r  in  eabryonated  h en 's  eggs or 

in  the  Madin-Darby canine  kidney (MDCK) c e l l  s y s t e a  (Laver, e t  a l . ,  1979; 

P o r tn e r ,  1980). When Lubeck e t  a l . ,  (1980) used monoclonal a n t ib o d ie s  

a g a in s t  the  hem ag g lu tin in s  of A/PR/8/34 (H1N1) v i ru s  X31 v i ru s  (an H3N2 

recom binant v i r u s  of A /A ich i/2 /68  and A/PR/8/34 (H3N2) v i ru s )  and 

B/Lee/40 v i ru s  to  ana lyze  the  f re q u e n c ie s  of a n t ig e n ic  v a r i a n t s  in  MDCK 

monolayers, a wide range (10"*** to <10“ ®*®) was found. Thus, 

d is c re p a n c ie s  in  f req u en c ie s  of v a r i a t i o n  were observed bo th  aaong 

d i f f e r e n t  l a b o r a to r i e s  and w i th in  the same la b o ra to ry ,  and se v e ra l  

e x p la n a t io n s  which could c o n t r ib u te  to  these  d i f f e r e n c e s  were proposed
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(Lubeck, e t  e l . ,  1980): (a) d i f f e re n c e *  In v i a b i l i t y  o r  growth p o te n t i a l  

of d i f f e r e n t  v a r i a n t s  in  the  c e l l  c n l tn r e  s y s te a  need; (b) d i f f e r e n c e s  in  

■ n ta t io n a l  f req u en c ies  a t  d i f f e r e n t  a n t ig e n ic  s i t e s ;  and (c) d i f f e r e n c e s  

in  a v id i ty  aaong aonoc lona l a n t ib o d ie s  used in  s e le c t io n .  One of the 

a a i n  purposes of t h i s  t h e s i s  i s  to  e lu c id a t e  the  p o s s ib le  reaso n s  th a t  

aay  cause these  d i f f e r e n c e s  in  d e te c te d  f req u en c ie s  of a n t ig e n ic  v a r i a n t s  

in  a cloned v i r u s  pop u la t io n .

D. GENERAL FEATURES OF IDIOTYPES.

Id io ty p e s  were f i r s t  d esc r ib ed  by Kunkel e t  a l .  (1963) in  huaan 

ia a u n o g lo b u l in s ,  and by Oudin and Michel (1963) in  r a b b i t  

ia a u n o g lo b u l in s .  O r ig in a l ly  d e f in e d  by Oudin (1966) as ' t h e  a n t ig e n ic  

s p e c i f i c i t i e s  of a n t ib o d ie s . '  D i f f e r e n t  id io ty p e s  could be i d e n t i f i e d  

bo th  aaong a n t ib o d ie s  of one in d iv id u a l  a g a in s t  d i f f e r e n t  a n t ig e n s  and 

aaong a n t ib o d ie s  of d i f f e r e n t  in d iv id u a ls  a g a in s t  the saae  an t ig e n .  In  

s h o r t ,  id io ty p e  i s  th e  i n d i v id u a l i t y  of an tibody  s p e c i f i c i t y .

The reag e n ts  used to  d e t e c t  id io ty p e s  a re  g e n e ra l ly  a n t i - i d i o t y p e  

a n t i  s e ra ,  which can be r a i s e d  in  the  fo llo w in g  fo u r  ways:

(1) Autologous a n t i - i d i o ty p e  a n t i s e r a :  those a re  ob ta ined  by in j e c t i n g  

an tibody  back in t o  the saae  in d iv id u a l  ( a u to i a a u n iz a t i o n ) .  This ae thod  

was f i r s t  desc r ibed  by Rodkey (1974): The r a b b i t  was ia a u n i s e d  by 

p o ly sa c c h a r id e s ,  and th e  a n t ib o d ie s  c o l le c t e d  f r o a  t h i s  r a b b i t  were 

in je c te d  in to  the saae  r a b b i t  two y e a rs  l a t e r  when a n t i -p o ly s a c c h a r id e  

an tibody  in s e ra  could no longer  be d e te c te d .

(2) Syngeneic a n t i - i d i o t y p i c  a n t i s e r a :  these  a re  ob ta ined  by in j e c t i n g  

a n t ib o d ie s  in to  the  saae  inbred  s t r a i n  of a n i a a l s  ( i s o i a a u n iz a t io n ) .  

G enera l ly  syngeneic a n t i - i d  a n t ib o d ie s  a re  r e l a t i v e l y  d i f f i c u l t  to  o b ta in

e s p e c i a l l y  when the  a n t ib o d ie s  share  id io ty p ic  d e t e r a in a n t s  w ith
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' n a t u r a l '  a n t ib o d ie s  (Bona. 1981). M odified im m unization p rocedures  a re  

used to  g enera te  t h i s  kind of a n t i s e r a .  Using T15 n y e lo a a  p ro te in  

(BALB/c o r ig in ) .  Cosensa. e t  a l .  (1979) p repared  an ti-T 15  a n t ib o d ie s  by 

i n j e e t i o n  in to  T 15- id io ty p e  suppressed  BALB/c n ic e .  Bona e t  a l .  (1979a) 

p repared  a n t i - i d  an tibody  by h y p e r ia a n n ix in g  syngeneic a i c e  v i t h  a u l t i p l e  

i n j e c t i o n s  of keyhole l i a p e t  heaocyan in  (KLH) con jugated  an tibody.

(3) Hoaologous a n t i - i d i o t y p i c  a n t i s e r a :  these  a re  ob ta ined  by in j e c t i n g  

a n t ib o d ie s  in to  d i f f e r e n t  s t r a i n s  of a n i a a l s  of the  saae  sp ec ie s  

( a l l o i a a u n iz a t io n ) .  This k ind  of a n t i - i d  aera  a re  r e l a t i v e l y  easy to  

o b ta in ,  and oan be p repared  s i a p l y  by i a a u n i s a t i o n  v i t h  a n t ib o d ie s  

e a u l a i f i e d  in  Freund 's  c o a p le te  ad juvan t.  The p repared  a n t i a e r a  have to  

be e x te n s iv e ly  adsorbed v i t h  n o ra a l  Ig  o r  o th e r  a y e lo a a  p r o te in s  o f  the 

s t r a i n  f r o a  v h ich  the  id io ty p e s  v e re  ob ta ined  to  reaove  a n t i - a l l o ty p e  

coaponenta.

(4) H eterologous a n t i - i d i o t y p i c  a n t i s e r a :  these  a re  ob ta ined  by 

i n j e c t i n g  a n t ib o d ie s  in to  d i f f e r e n t  sp e c ie s  ( h e te r o ia a u n iz a t i o n ) ,  and a re  

easy to  o b ta in .  To aake the  a n t i s e r a  id io ty p e  s p e c i f i c ,  they  have to  be 

adsorbed v i t h  n o ra a l  Ig o r  v i t h  o th e r  a y e lo a a  p ro te in s  to  reaove  a n t i ­

iso ty p e  and a n t i - a l l o t y p e  an t ib o d ie s .

F o llo v in g  the  d isco v ery  of id io ty p e s ,  l o c a l i z a t i o n  of id io ty p ic  

d e t e r a in a n t s  has been e x te n s iv e ly  in v e s t ig a te d  during  the  p a s t  tvo  

decades. I d io ty p ic  d e t e r a in a n t s  v e r e  f i r s t  lo c a l iz e d  on Fab f r a g a e n t  in  

h u a a n  Ig  by Kunkel e t  a l .  (1963) and in  r a b b i t  Ig  by  Grey e t  a l .  (1963 ) .  

V e i l s  e t  a l .  (1973) shoved t h a t  the  i s o la t e d  Fv f r a g a e n t  o f  mouse a y e lo a a  

p r o te in  MOPC 313 could i n h i b i t  the r e a c t io n  b e tv e e n  c o a p le te  ay e lo a a  

p r o te i n  and a n t i - i d i o t y p i c  s e ra .  This d e a o n s t r a te d  t h a t  id io ty p ic

d e t e r a in a n t s  a re  in  the  V reg ion  d o a a in  of a n t ib o d ie s .  The r e l a t i o n s h i p
15



between id io ty p ic  d e t e r a in a n t s  and the  a n t ig e n  combining s i t e  was f i r s t  

s tu d ie d  by Brent and N isonoff  (1970). They showed th a t  the  hapten  

(benzoate) in h ib i te d  th e  b ind ing  of a n t i - i d i o t y p i c  se ra  and a n t i-b e n z o a te  

an tibody. This suggested  t h a t  e i t h e r  id io ty p ic  d e t e r a in a n t s  a re  

a s s o c ia te d  w ith  the a n t ig e n  b ind ing  s i t e  of the  an tibody , or th a t  the 

hap ten  can cause a c o n fo ra a t io n a l  change or a t e r i c  h indrance around the 

id io ty p ic  d e t e r a in a n t s .  The c lo se  r e la t i o n s h ip  between id io ty p ic  

d e t e r a in a n t s  and the a n t ig en  b ind ing  s i t e  was a lso  d e a o n s tr a te d  in  aany  

o th e r  s y s te a s ,  inc lud ing  a y e lo a a  p r o te in s  s p e c i f i c  fo r  DNP and TNP 

( S i r i s in h a  and E isen , 1971), phosphocholine (Sher and Cohn, 1972), a (1- 

>3) d e z t ra n  (Carson and V eigh t,  1973). fi ( l->6) D -ga lac tan  (P o t te r ,  e t  

a l . ,  1977) and (2->l) f ru c to s a n  (L ieberaan , e t  a l . ,  197S). However, 

th e re  a re  a few excep tio n s :  C la f l i n  and Davie (1975a) d e a o n s tr a te d  th a t  

phosphocholine d id  n o t  i n h i b i t  the  b inding  of A/J a n t i -T 1 5 Id l  s e ra  and 

TISId. Helaan e t  a l .  (1976) found th a t  r a b b i t  anti-MOPC 315Id se ra  

p r i a a r i l y  in t e r a c te d  w ith  f raaew o rk  a s s o c ia te d  id io ty p e s  and BALB/c 

syngeneic anti-MOPC 315Id s e ra  a a i n l y  in t e r a c t e d  w ith  the a n t ig e n  b ind ing  

s i t e .

Comparison of a a in o  ac id  sequences of c r o s s - r e a c t i v e  id io ty p e  

p o s i t i v e  and c r o s s - r e a c t i v e  id io ty p e  n eg a t iv e  heavy (H) (Capra and Kehoe, 

1974; C apra ,  e t  a l . ,  1975a ; C ap ra ,  e t  a l . ,  1978) o r  l i g h t  (L) (C ap ra ,  e t  

a l . ,  1975b; Capra, e t  a l . ,  1977; Capra, e t  a l . ,  1978) cha in  v a r ia b le  

reg io n s  i l l u s t r a t e d  t h a t  the d i f f e r e n c e s  between Id* and Id"  heavy or 

l i g h t  cha ins  re s id e d  p r im a r i ly  in  t h e i r  h y p e rv a r iab le  reg ions .

L iebe raan ,  e t  a l .  (1977) sep a ra ted  and r e c o n s t i t u t e d  H and L chains  

of i n u l in - s p e c i f i c  a y e lo a a  p r o te in s ,  and found t h a t  soae id io ty p ic  

s p e c i f i c i t i e s  found on i n t a c t  ia a u n o g lo b u l in  a o le e u le s  can be lo c a l iz e d
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to  e i t h e r  the l i g h t  or heavy cha in , bn t th a t  id io ty p ic  a p e c i f i c i t i e s  in 

genera l r e q u i re  the  i n t e r a c t io n  of both  cha ins .

C lev inger,  e t  a l .  (1980) coapared  a a in o  ac id  seqnences and id io ty p e  

ex p re ss io n  of 12 a n t i - a - ( l - > 3 )  d ex tra n  b ind ing  p ro te in s .  I n t e r e s t i n g l y  

they  found c r o s s - r e a c t i v e  id io ty p e s  v e re  a s s o c ia te d  v i t h  V reg io n  

d e t e r a in a n t s  v i t h i n  the  second h y p e rv a r ia b le  reg io n ,  vhereas  the  

in d iv id u a l  id io ty p e s  v e re  a s s o c ia te d  v i t h  the D -segaen t in  the  th i r d  

h y p e r v a r ia b le  reg ion .

In  s u a a a ry ,  id io ty p e s  a re  phenotypic B arkers  in  the  V reg io n  of H or 

L ch a in s ,  or bo th . They g e n e ra l ly  a re  a s s o c ia te d  v i t h  a n t ig e n  b ind ing  

s i t e s  of a n t ib o d ie s  ( v i t h  fev  ex cep tio n s ) ,  and a a in o  ac id  sequence 

a n a ly s i s  s tu d ie s  have lo c a l i s e d  th e a  p r i a a r i l y  to  h y p e rv a r iab le  reg io n s .

E. CROSS-REACTIVE IDIOTYPES.

Although accord ing  to  Oudin'a o r ig i n a l  d a f i n i t i o n  of id io ty p e s ,  each 

an tibody  could exp ress  only  one in d iv id u a l  id io ty p ic  a p e c i f i c i t y ,  s tu d ie s  

of id io ty p e s  expressed  on a y e lo a a  p ro te in a  i l l u a t r a t e d  t h a t  a n t ib o d ie s  to  

the saae  a n t ig e n  f r o a  d i f f e r e n t  in d iv id n a l s  of an inbred  s t r a i n  could 

share  c r o s s - r e a c t i v e  id io ty p e s .  Thus, each an tibody  can exp ress  tv o  

a a j o r  c a te g o r ie s  of id io ty p e s  (Bona, 1981):

(1) In d iv id u a l  id io ty p e  ( i .e .  P r iv a t e  id io ty p e ,  I d l ) :  This i s  the  

id io ty p e  of Oudin’s c l a s s i c a l  d e f i n i t i o n .  I t  ia  c h a r a c t e r i s t i c  of one 

an tibody or one a y e lo a a  p r o te in ,  and g e n e ra l ly  i t  i s  no t  shared by o th e r  

a n t ib o d ie s  or by o th e r  a y e lo a a  p ro te in a .

(2) C ro s s - r e a c t iv e  id io ty p e  ( i .e .  Coaaon or p u b lic  id io ty p e ,  Id l ) :  This 

id io ty p e  i s  u s u a l ly  shared by a n t ib o d ie s  and ay e lo a a  p ro te in s  e x h ib i t in g  

the saae  a n t ig e n ic  s p e c i f i c i t i e s  ob ta ined  f r o a  d i f f e r e n t  in d iv id u a ls  of
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inbred  s t r a i n s .  I t  i s  r a r e l y  shared by a n t ib o d ie s  v i t h  the saae  

s p e c i f i c i t y  produced by in d iv id u a ls  aaong outbred  s t r a i n s .

According to  the d i s t r i b u t i o n  of id io ty p e s  aaong d i f f e r e n t  s t r a i n s  

or d i f f e r e n t  sp ec ie s  of a a a a s l s ,  c r o s s - r e a c t i v e  id io ty p e s  can be f u r th e r  

c l a s s i f i e d  in to  th re e  groups (Bona, 1981):

(1) A llo type  l in k ed  i n t e r s t r s i n  IdX's: These IdX a re  expressed  on ly  in

s t r a i n s  of a i c e  t h | t  b ea r  a p a r t i c u l a r  a l lo ty p e  ( i .e .  Igh-C genes) 

r e g a r d le s s  of o th e r  g en e t ic  a s r k e r s .  They seg reg a te  v i t h  a l lo ty p e s  in  a

N endelisn  fa sh io n .  The t y p i c a l  e x s a p le s  a re :

(a) Id X 's  A, B and 6 o f  i n u l i n - b i n d i n g  a n t i b o d i e s :  IdX 's  A, B and

G a re  shared by a group o f  a y e lo a a  p ro te in s  s p e c i f i c  fo r  p o ly f ru c t sn s  

( i .e .  in u l in  snd b a c t e r i a l  levan  (BL)) and a n t i - i n u l i n  a n t ib o d ie s  

produced in  soae  a i c e  ia a u n iz e d  v i t h  BL snd in u l in  (L iebe raan ,  e t  a l . ,

197S). The e x p re s s io n  of th e se  IdX's a re  l inked  to  the  Ig-1* a l lo ty p e  

locus  (L iebe raan ,  e t  a l . ,  1976).

(b) IdX of a n t i -A rs :  The ex p re ss io n  of c e r t a i n  IdX o f  a n t i -A rs  (p-

Azophenylaraonate) a n t ib o d ie s  i s  a s s o c ia te d  v i t h  the  I g - l e a l lo ty p e  

( N is o n o f f ,  e t  a l . ,  1977).

(c) S I17 IdX: The S117 IdX i s  a c r o s s - r e a c t i v e  id io ty p e  aaong 

a n t ib o d ie s  to  group A s t r e p to c c a l  carbohydrate  (A-CHO). The ex p ress io n  

of S117 IdX i s  under the  c o n t ro l  of a gene which is  l inked  to  the  Ig-1* 

a l lo ty p e  lo cu s  in  BALB/c a i c e  and in  o th e r  s t r a i n s  c a r ry in g  the saae  Ig -1  

h a p lo ty p e  (B erek ,  e t  a l . ,  1976).

(d) A5A IdX; The ASA IdX i s  a c r o s s - r e a c t i v e  id io ty p e  shared by

a y e lo a a  p ro te in s  s p e c i f i c  f o r  N -ace ty lg lu eo san in e ,  the d o a in a n t  sugar of 

A-CHO a n t ig e n  snd a n t i - s t r e p to c o c c u s  A a n t ib o d ie s  e l i c i t e d  in  A/J a i c e .
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The exp ress ion  of t h i s  ASA IdX i s  s s s o c i s t e d  v i t h  the  Ig-1* e l lo ty p e  o f  

■ ice  (Eichaann, 1973).

(e) J558 IdX: The J358 IdX i s  shared by J558 and NOPC 104E a y e lo a a

p r o te in s ,  and a n t i - a  (1—>3) d ex tra n  a n t ib o d ie s  in  BALB/e a i c e .  The 

ex p ress io n  of t h i s  IdX i s  l in k ed  to  the  Ig -1*  a l lo ty p e  in  a io e  (Carson 

and W eigert,  1973).

(2) I n t e r s t r a i n  IdX n o t  l in k ed  to  a l lo ty p e s :  Soae id io ty p e s  a re

expressed  in  v a r io u s  s t r a i n s  o f  a io e  indapendan tly  of a l lo ty p e  or o th e r  

g e n e t ic  B arkers .  Bxaaples  o f  these  id io ty p e s  a re :

(a) IdX of P-6-GALBMP: A ntibod ies  indnced in  n ic e  ia a u n ix e d  v i t h  

gna g h a t t i  share c r o s s - r e a c t i v e  id io ty p e s  v i t h  p-6-GALBMP, a P-1.6-D- 

g a la c ta n  b ind ing  a y e lo a a  p ro te in .  This p-6-GALBMP IdX i s  d e te c te d  in  

v a r io u s  s t r a i n s  o f  a i c e  e i t h e r  bea r in g  Ig -1*  o r  Ig -1^  a l lo ty p e s .  The 

ex p ress io n  of the  IdX of p-tf-GALBMP in d i f f e r e n t  s t r a i n s  and during  

d i f f e r e n t  s ta g e s  a f t e r  i a a u n i s a t i o n  i s  very  heterogeneous. Thus, i t  i s  

sp ecu la ted  th a t  aoae of t h i s  d i v e r s i t y  aay  a r i s e  f r o a  a o a a t i c  a u t a t i o n s  

r a t h e r  than f ro a  g e ra  l i n e  genes (N ushinski and P o t t e r ,  1977).

(b) IdX of a n t i - Ig G  a n t ib o d ie s :  Kunkel e t  a l .  (1973) using  

h e a a g g lu t in a t io n  and h e a a g g lu t in a t i o n  i n h i b i t i o n  assays  found t h a t  IgM 

p r o te in s  v i t h  a n t i - y - g lo b u l i n  a c t i v i t y  f ro a  d i f f e r e n t  in d iv id u a ls  v i t h  

the s o -c a l le d  'n ix e d  c ry o g lo b u l in '  syndroae share c r o s s - id io t y p ic  

s p e c i f i c i t y .

(c) IdX of a n t i- Ig G 2 At»; Bona e t  a l .  (1980) shoved t h a t  a c ro s s ­

r e a c t iv e  id io ty p e  expressed  on a n t i - a l l o t y p e  a n t ib o d ie s  to  the b a l l e l i c  

f o r a s  of IgG2 a (IgG2 ab) i s  r e g u la te d  by a a j o r  h i s t o c o a p a t i b i l i t y  coap lex  

(MHC)-encoded ia a u n e  response ( I r )  genes.
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(d) GA-1 IdX: The GA-1 id io ty p e  i s  expressed  in  s minor f r a c t io n

of the anti-GAT (s y n th e t ic  polymer poly-(Glu*®, L-Ala^®» L-iyr^®) 

a n t ib o d ie s ,  and i s  s p e c i f i c  fo r  'GA' r e l a t e d  a n t ig e n ic  d e te rm in a n ts .  The 

i d e n t i f i c a t i o n  of t h i s  id io ty p e  was baaed on a he te ro logona  id io ty p ic  

in t e r a c t io n  between guinea p ig  a n t i - i d i o ty p e  an tiaernm  made ag a in a t  

pooled p u r i f i e d  Dl.Lp anti-GAT a n t ib o d ie s  and a aonoc lona l hybridoaa  

anti-GAT antibody s p e c i f i c  f o r  the  GA a n t ig e n ic  m oiety . This id io ty p e  

was d e te c te d  in  the  21 inb red  s t r a i n s  of a i c e  s tu d ie d .  Hence i t  i s  an 

i n t e r s t r a i n  c ro s s - re a c t iw e  id io ty p e  (Ju, e t  a l . ,  1979).

(3) I n te r s p e c ie s  IdX’s: Some IdX a re  found in  a n t ib o d ie s  produced by

d i f f e r e n t  anim al sp ec iea .  Examplea a re :

(a) OGAT IdX: The CGAT id io ty p e  ia  p re se n t  on the m ajor f r a c t i o n

of anti-GAT a n t ib o d ie a ,  and i s  induced by the  ’GT* r e l a t e d  a n t ig e n ic  

d e te rm in an t on GAT m olecu les. This id io ty p e  i s  a l s o  expressed  in  

a n t ib o d ie s  to  GT, GAT and (T,G)-A-L a y n th e t ie  polym ers ( i .e .  polymers 

co n ta in in g  g lu tam ic  a c id  and ty ro s in e )  (Ju  and Dorf, 1979). The 

ex p re ss io n  of the  GGAT id io ty p e  in  mice i s  independent o f  Ig -1 .  H2 and 

g en e t ic  m arkers (Ju , e t  a l . ,  1978a). In  a d d i t io n ,  the  GGAT Id has a l s o  

been i d e n t i f i e d  in  9 of the  13 inbred  s t r a i n s  of r a t s  t e s t e d  (Ju, e t  a l . ,  

1978b).

(b) Id x  o f  a n t i - P C  a n t i b o d i e a :  HOPC 8 ( i . e . ,  H8), one o f  th e  PC

(phosphocholine)-b inding  myeloma p ro te in a  which sha res  the  T15 Idx 

(Lieberman, e t  a l . ,  1974), ia  p re s e n t  on an ti-P C  a n t ib o d ie s  of a l l  mice 

r e g a rd le s s  of h i s to c o m p a t ib i l i t y  o r  a l lo ty p e  m arkers. Furtherm ore . H8Id 

was found in  one out of e ig h t  h am ste rs  immunised w i th  PC ( C la f l in  and 

D a v ie ,  1974).
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R iesen  (1979) in v e s t ig s te d  the  id io ty p ic  c r o s s - r e a c t i v i t y  of souse 

and hnaan aonoclonal ia a u n o g lo b u l in s  w ith  PC-binding a c t i v i t y .  Aaong tbe 

3 an ti-PC  a y e lo a a  p ro te in a  of a i c e  s tu d ie d ,  be fonnd th a t  th e re  ia  a veak 

id io ty p ic  c r o s s - r e a c t i v i t y  between the PC-binding hnaan IgMpg tn<* t *ie 

aonae IgA NOPC 167 and MOPC 603, w h ile  the  a n r in e  IgA TEPC 13 does not 

share any id io ty p ic  d e t e r a in a n t  in  coaaon  w ith  the hnaan p r o t e i n  IgNp|<

(c) Val I d l :  The an tibody p o p n la t io n  which b inds  hnaan  s i c k l e  c e l l

h eaog lob in  (HbS) bn t no t n o ra a l  hnaan h e a o g lo b in  (HbAl) i s  c a l le d  a n t i -  

VA1 an tibody . Karol e t  a l . ,  (1978) coapared  the  id io ty p ic  c ro s s ­

r e a c t i v i t y  aaong anti-VA l a n t ib o d ie s  r a i s e d  in  g o a ts ,  sheep and guinea 

p igs  nsing  a n t i - i d i o t y p i c  a n t i s e r a  produced in  r a b b i t a  i a a n n iz e d  w i th  the  

goat and sheep a n t ib o d ie s .  Id io ty p ic  c r o s s - r e a c t i v i t y  was fonnd between 

goat and sheep anti-V A l a n t ib o d ie s ,  b n t  guinea p ig  anti-V A l d id  n o t  share 

id io ty p ic  c r o s s - r e a c t i v i t y  w ith  sheep or goat anti-V A l a n t ib o d ie s .

Although id io ty p e s  a re  c o aa o n ly  ahared by a n t ib o d ie s  w i th  the  saae  

an t ig en  b ind ing  a c t i v i t y ,  a e v e ra l  nnezpected in s ta n c e a  of aharing  of 

id io ty p e s  hsve been observed: Oudin and Conzenave (1971) observed shared 

id io ty p e s  aaong d i f f e r e n t  a n t ib o d ie s  a g a in s t  hen o v a lb n a in ,  aaong non­

c ro ss  r e a c t iv e  a n t ib o d ie s  to  o v a lb n a in  f r o a  d i f f e r e n t  a n i a a l  sp e c ie s ,  or 

even aaong a n t ib o d ie s  of unknown s p e c i f i c i t i e s .  K aro l,  e t  a l .  (1978) 

d e a o n s tr a te d  c r o s s - r e a c t i v e  id io ty p e s  aaong sheep a n t ib o d ie s  a g a in s t  

d i f f e r e n t  d e t e r a i n a n t s  of the  saae  hnaan h eao g lo b in  a o le o n le .  Bona e t  

a l .  (1979) fonnd th a t  1-2  week o ld  BALB/c a i c e  ex p ress  a e r o s a - r e a c t iv e  

a n t i - i n n l i n  id io ty p e  on an tibody  a o le e u le s  th a t  do no t  b ind  to  in u l in .

Jn  e t  a l .  (1980) d e a o n s t r a te d  shared  id io ty p e s  aaong a n t ib o d ie s  which 

b ea r  d i s t i n c t  b ind ing  s p e c i f i c i t i e s  w ith  a d iv e rs e  s e r i e s  o f  s y n th e t ic  

p o ly p e p tid es .  Hence, c r o s s - r e a c t i v e  id io ty p e s  do e x i s t  in  c e r t s i n  cases
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a a o n |  a n t ib o d ie s  a g a in s t  d i f f a r a n t  a n t ig e n ic  d e t e r a in a n t s  on the saae  

a o le c n le ,  aaong a n t ib o d ie s  a g a in s t  d i f f e r e n t  a n t ig e n ic  d e t e r a in a n t s  on 

the saae a o le c n le .  aaong a n t ib o d ie s  a g a in s t  d i f f e r e n t  a n t ig e n  a o le c n le s ,  

and aaong a n t ib o d ie s  o f  onknown s p e c i f i o i t i e a .  The a e c h a n is a s  which 

p o s s ib ly  lead  to  c ro s s - re a c t iw e  id io ty p e s  w i l l  be d e a l t  w ith  in  the 

D is c n s s io n  s e c t io n .

F. ONTOGENY OF IDIOTYPE EXPRESSION.

The ontogeny of h n ao ra l  ia a n a e  responses  to  v a r io u s  an t ig en s  has 

been e x te n s iv e ly  s tu d ie d  in  d i f f e r e n t  s p e c ie s ,  such as the ch ickens 

(Wolfe, e t  a l . ,  19S7), a ic e  (Goidl, e t  a l . ,  1974; P re s s  and K linaan ,

1974; E l in a a n  and P re s s ,  1975), r a t s  (H alliday , 1957; 1964), gu inea p igs  

(Baer, 1963). r a b b i t s  ( B e l l a n t i ,  e t  a l „  1963), p ig s  (Segre and E aeberle ,  

1962a; 1962b), la aba  (S te rx l  and S i l v e r s t e i n ,  1967; S i l v e r s t e i n ,  1977) 

and c h i ld r e n  (Rannon, e t  a l . ,  1960; L enne tte ,  e t  a l . ,  1962). The genera l 

conc lusions  f ro a  these  s tu d ie s  a re :  (a) There i a  a o r e  r e s t r i c t e d  

h e te ro g e n e i ty  w ith  r e s p e c t  to  an tibody  responses  in  f e tu s e s  o r  neonates 

than  in  a d u l t s ,  (b) Not a l l  p re c u rso rs  of ly ap h o cy tes  producing an tibody  

to  d i f f e r e n t  an t ig en s  a a t u r e  a t  the saae  t i a e  du ring  ontogenic 

deve lopaen t.  The a c q u i s i t i o n  o f  ia a u n e  responses  to  v a r io u s  an t ig e n s  

during  ontogeny i s  independent of en v i ro n a e n ta l  in f lu e n c e s  and i s  h ig h ly  

o rdered . For exaap le :  K lin a an  and P re s s  (1974; 1975) using  an v i t r o  

U n i t i n g  c e l l  d i l u t i o n  sp le n ic  focus techn ique d e a o n s t r a te d  in  n ic e  th a t  

p re c u rs o rs  of B c e l l s  fo r  2 ,4 -d in i t ro p h e n y l  (DNP) and 2 ,4 ,6 -  

t r i n i t r o p h e n y l  (INP) were a lread y  p re se n t  in  h igh  f re q u e n c ie s  a t  b i r t h ,  

and a t t a in e d  a d u l t  f req u e n c ie s  w i th in  one week a f t e r  b i r t h ,  w hile  

p re c u rs o rs  fo r  f lu o re s c e in  (FL) and phosphory leho line  (PC) were no t

d e te c te d  u n t i l  5 days a f t e r  b i r t h .  S i l v e r s t e i n  (1977) found t h a t  in  the
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l a a b ,  an tibody  rasponsaa a g a in s t  c e r t a i n  v i r u s e s ,  f e r r i t i n ,  o v a lb n a in  and 

heaocyanin  conld be d e teo ted  during  th e  f e t a l  s ta g e ,  whereas an tibody 

reaponsea to  d ip h th e r ia  toxo id , the  0 a n t ig e n  of S a la o n e l la  tvnhoaa. and 

BCG were no t d e te c te d  n n t i l  40 days a f t e r  b i r t h .

Since id io ty p e s  a re  phenotypic a a rk e ra  o f  V reg io n  genes o f  

ia a n a o g lo b u l in  (V e i l ,  e t  a l . ,  1973), they r e f l e c t  the  e x p re s s io n  of 

r e l a t i v e l y  r e s t r i c t e d  c lono types  of B c e l l s  and prov ide  in s ig h t s  in to  the 

a e e h a n is a  of B c e l l  d i v e r s i f i c a t i o n .  T here fo re ,  the  ontogeny of 

id io ty p e s  has been a c t iv e ly  in v e s t ig a te d  in  s e v e ra l  l a b o r a to r i e s .  The 

fo llo w in g  i s  in tended to  provide soae exaap lea  of such s tu d ie s :

(a) E l09 I d l  response  of an ti-B L  a n t ib o d ie a :  BALB/c a i c e  ia a u n iz e d

w ith  b a c t e r i a l  levan  (BL), a T-independent a n t ig e n  th a t  c o n s i s t s  o f  0 2- 

>6 l in k e d  p o ly f rn c to se  w ith  0 2 -> l  branch p o in t s  (Feldaan , e t  s l „  1975), 

produce a t  l e a s t  two groups of a n t ib o d ie s .  One group b inds  in u l in  (a 0 

(2-> l)  l in k e d  p o ly f rn c to se )  and b a c t e r i a l  levan  (BL), and the  a a j o r i t y  of 

a e a b e ra  of t h i s  group exp ress  the  c r o s s - r e a c t i v e  id io ty p e  £109 I d l  

(L iebe raan ,  e t  a l . ,  1975). The o th e r  group of an ti-B L  a n t ib o d ie s  ia  

s p e c i f i c  fo r  the  B (2->6) linkage  of BL, and does no t express  the  E109Id.

S tu d ie s  of BALB/c a i c e  ia a u n iz e d  w ith  BL by Bona e t  a l .  (1978; 1979) 

rev ea led  t h a t  a l l  BALB/c a i c e  younger than  4 weeks of age mounted a 

response s p e c i f i c  f o r  0 (2—>6) p o ly f rn c to s e  bu t lacked a response 

s p e c i f i c  to  in u l in  and d id  no t produce a n t ib o d ie s  which expressed  the 

E109Idl. Furtherm ore , t h i s  r e l a t i v e l y  l a t e  ex p re ss io n  o f  the  response  to  

E109 I d l  was a t t r i b u t a b l e  to  a delay  in  a a t u r a t i o n  of p re c u r s o r  B c e l l s  

s p e c i f i c  fo r  the  E109 IdX, r a th e r  than  to  th e  absence of p re c u rs o r  c e l l s ,  

or to  a d e fe c t  in  a a t u r a t i o n  of accesso ry  c e l l s .
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(b) 124 Id l  and X24 I d l  of a n t i - g a l a c t a n  raaponaaa: X24 Id l  and

X24 IdX (XRPC24 i s  a g a la c ta n -b in d in g  ay e lo a a  p ro te in )  a re  expressed  in 

a d n l t  BAlB/c n ic e  i a a u n iz e d  v i t b  gna g h a t t i  (N uabinski and P o t t e r ,  1977). 

This id io ty p e  has a lso  been d e te c te d  in  the sera  of 1 -day-o ld  BALB/c a i c e  

ia a n n iz e d  w ith  gua g h a t t i  (Bona, 1981b).

(c) 384Id+ anti-LPS  responae: N(PC 384 i s  a ay e lo a a  p ro te in  which

b inds  s p e c i f i c a l l y  to  the  d -a e th y l -D -g a la c to s id e  d e t e r a in a n t  of 

S a la o n e l la  t r a n o re a . $alag juJJ ,g  te J c a y jy ,  and Pgp .t lU  i l i f H l l i .  The 

384Id was d e te o ta b le  in  1 -day-o ld  BALB/c a i c e  ia a u a iz e d  w ith  2,. tran o ro a  

LPS (Bona, 1981b).

(d) T15+ response of an ti-PC  (phosphocholine) a n t ib o d ie s :  S iga l e t

a l .  (1976) using  an i p  v i t r o  sp leen  foous techn ique  d e a o n s t r a te d  th a t  

aaong P C -sp ec if ic  o lona l p re c u rs o r  c e l l s  o f  a d u l t  BALB/e a i c e ,  the 

a a j o r i t y  were of the  TEPC15* c lono type . However, the  T15+ id io ty p e  does 

no t appear in  BALB/e a i c e  u n t i l  4-3 days a f t e r  b i r t h .

(e) IdX response of a n t i -A rs  a n t ib o d ie a :  N utt e t  a l .  (1979) 

d e a o n s t r a te d  t h a t  B c e l l s  ex p ress in g  th e  o ro a s - r e a o t iv e  id io ty p e  

a s s o c ia te d  w ith  a n t i -p -a z o p h e n y l -a r s o n a te  a n t ib o d ie s  were p re se n t  befo re  

day 9 in  neonata l a i c e .  The t i a e  of appearance of the  c r o s s - r e a c t iv e  

id io ty p e  was n o t  in f lu en ced  by g e n e t ic  background s ince  n eo n a ta l  A/J and 

C.AL20 (a l lo ty p e -c o n g e n ic  o f  A/J) produced ooaparab le  aaoun ts  o f  the 

c r o s s - r e a c t i v e  id io ty p e  b ea r in g  a n t ib o d ie s  a t  the  saae  age.

Canoro e t  a l .  (1979) ooapared th e  p a t t e r n  of a n t ig e n  s p e c i f i c i t y  

aaong aonoclonal anti-HA an tibody  p o p u la t io n s  f r o a  12-14 day-o ld  and 

a d u l t  a i c e  ia a u n iz e d  w ith  in f ln e n z a  A v i r u s ,  and ob ta ined  p r e l i a i n a r y  

r e s u l t s  in d ic a t in g  th a t  th e re  v e re  r e l a t i v e l y  very  few responding 

c lono types  in  the  young a n i a a l s  as coapared  to  a d u l t  a n i a a l s .  Aside f ro a
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these  o b se rv a t io n s ,  s t  p re s e n t  th e re  ere  no p ub lished  d s te  on the 

ontogeny of s p e c i f i c  id io ty p e s  in  n ic e  ia a u n iz e d  v i t h  in f lu en zu  v i r u s .

G. VARIATION AND PERSISTENCE OF IDIOTYPES DURING THE IMMUNE RESPONSE.

The h u ao ra l  ia au n e  response to  a o s t  a n t ig en s  i s  c h a ra c te r i z e d  by a 

h ig h ly  heterogeneous p o p u la t io n  of an tibody  a o l e c u le s  v i t h  d i f f e r e n t  

a n t ig e n  s p e c i f i c i t i e s  de r iv ed  f r o a  a la rg e  a r ra y  of p re c u rs o r  c e l l  

c lono types .  Hovever, the  response  i s  auch  a o re  hoaogeneous v i t h  r e s p e c t  

to  soae id io ty p ic  d e t e r a i n a n t s  v h ie h  could  be a d i r e c t  r e f l e c t i o n  of 

response  of r e s t r i c t e d  c lono types .  F u r th e r a o re .  lyaphocy te  fu n c t io n s  a re  

p a r t i a l l y  re g u la te d  by the  n e tv o rk  o f  id io ty p e s  and a n t i - i d i o ty p e s  (Bona 

e t  a l . .  1981). Thus, the  s tndy  of v a r i a t i o n  and p e ra i s t e n c e  of id io ty p e s  

du ring  ia a u n e  responses  v i l l  he lp  to  e lu c id a te  the  k i n e t i c s  o f  the  ia a u n e  

re sp o n se .

Oudin and Michel (1969) p ioneered  th e  study of v a r i a t i o n  of 

id io ty p e s  during  the  ia a u n e  response . They fonnd th a t  the id io ty p ic  

p a t t e r n s  d e te c te d  in  a n t i - S a la o n e l la  tv n h i  s e ra  f r o a  d i f f e r e n t  r a b b i t s  

a re  d i f f e r e n t .  The id io ty p e  they  s tu d ie d  p e r s i s t e d  fo r  29 a o n th s  in  one 

r a b b i t ,  and f o r  2-5  veeka in  tv o  o th e r  r a b b i t s .  Hovever. in  an o th e r  

r a b b i t ,  the  id io ty p e  v a s  p re s e n t  only a t  an e a r ly  s tag e  of i a a u n i s a t i o n .

MacDonald and N isonoff  (1970) s tu d ie d  the  v s r i a t i o n  of a s p e c i f i c  

id io ty p e  in  p u r i f i e d  a n t i-p -a z o b e n z o a te  a n t ib o d ie s  f r o a  r a b b i t s ,  and 

rep o r te d  th a t  the  id io ty p e  they  fo l lo v e d  d isappeared  and v as  re p la c e d  by 

a nev and u n re la te d  id io ty p e  4 a o n th s  a f t e r  i a a u n iz a t io n .  This nev 

id io ty p e  p e r s i s t e d  fo r  a o re  than  12 aon ths .

Metzger e t  a l .  (1980) observed th a t  the  id io ty p e s  of ' e a r l y '  

a n t ib o d ie s  and ' l a t e '  a n t ib o d ie s  ezp re ssed  in  n ic e  i a a u n iz e d  v i t h  hen 's  

*88 lysozyae  (HEL) v e re  d i f f e r e n t .
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Bona (1981c) s tu d ie d  the  e x p re s s io n  of XRPC24 I d l  snd XKPC24 IdX in  

BALB/e n ic e  in n o n ized  v i t h  gua g h a t t i .  He fonnd th a t  bo th  id io ty p e s  

l a s t e d  fo r  a t  l e a s t  150 days and t h a t  the  g r e a t  M a jo r i ty  of a n t i - g a l a c t a n  

a n t ib o d ie s  expressed  XKPC24 I d l  and IdX by 90-150 days.

Dxierxak e t  a l .  (1980; 1981a; 1981b) in v e s t ig a te d  th e  ex p ress io n  of 

Id460 (NOPC460 i s  a DNP-binding nyelosia p ro te in )  in  BALB/c n ic e  b e fo re  

and a f t e r  i a a n n iz a t io n  v i t h  2 .4 -d in i t ro p h e n y l-o v a b u a in  (DNP-OVA) and 

fonnd th a t :  la rg e  aaonn ts  (10-100 | ig / a l )  o f  Id4 (0<f a n t ib o d ie s  th a t  v e re  

no t  s p e c i f i c  f o r  DNP v e re  p re s e n t  in  n o ra a l  n o n - ia a n n e  a i c e .  Dnring the 

p r i a a r y  ia a n n e  response ,  lo v  l e v e ls  o f  Id  4(0 v e re  d e te c te d .  Hovever. 

dn r ing  the  secondary ia a n n e  response , f i r s t  a r a p id  r i s e  and then  a rap id  

f a l l  in  the  l e v e l s  of Id4(0  v as  observed. This t r a n s i e n t  p a t t e r n  of 

Id460 e x p re s s io n  d id  no t  p a r a l l e l  the  anti-DNP response .
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V II. MATERIALS AND METHODS

Mica

BALB/c and CD-I p a th o g en -f ree  a i c a  v a ra  ob ta ined  f r o a  C harles  River 

Breeding L a b o ra to r ie s ,  Inc . (V i la in g to n ,  MA). DBA/2J, C57BL/6, AKR/J, 

CE/J, C3B/J. CBA/J, DBA/1J, SVR/J. A/J, R I I IS /J ,  and PL/J a i c e  v e re  

ob ta ined  f r o a  Jackeon L a b o ra to r ie s  (Bar Harbor, ME). C.B20, BAB.14 and 

BALB.B a ic e  were k ind g i f t s  f ro a  M. P o r te r  (NCI). All a i c e  were kep t in  

the a n i a a l  f a c i l i t y  a t  Mt. S in a i  Medical C enter, and naed between 6 and 

15 weeks of age.

Virnaea

In f lu e n z a  v irn a e a  A/PR/8/34 (HINI) (PR8 v i r u s ) ,  B/Lee/40 (B/Lee 

v i r u s ) ,  a r e c o a b in a n t  v i r u s  A/Aichi/2/68(H3N2)-A/PR/8/34 (X31 v i ru s )  

(K ilbourne, a t  a l . ,  1971), B /Great Lake/54, B/Hong Kong/8/72, 

B /V ic to r ia /7 0  and B/M aryland/59 were grown in  10 to  11 day eabryona ted  

eggs, and p u r i f i e d  on 30-60% sucrose  g ra d ie n ts  aocording to  s tandard  

p rocedures  (Pa lese  and Sehulnan, 1974). A ll v i r u s e s  were s to re d  a t  -  

70*C.

Monoclonal AatifcOditl

H ybridoaa c e l l  l i n e s  producing aonoe lona l a n t ib o d ie s  a g a in s t  

h e a a g g lu t in in  (HA) of in f lu e n z a  v i r u s e s  PR8, BLee and X31 were p repared  

by fu s io n  of sp leen  c e l l s  f r o a  BALB/c a i c e  ia a u n iz e d  w ith  p u r i f i e d  v i ru s  

and a y e lo a a  c e l l s  ( e i t h e r  P3X63Ag8 or SP2/0) (Kohler and M i ls te in ,  1976; 

Koprowski, a t  a l . ,  1977). B r ie f ly ,  BALB/c a i c e  p r i a e d  1 to  3 ao n th s  

e a r l i e r  by i n t r a p e r i t o n e a l  in j e c t i o n  of p u r i f i e d  i n t a c t  v i r u s  (10 |tg 

v i r a l  p ro te in /a o u s e )  and were r e in o c u la te d  in tra v e n o u s ly  w i th  the sane 

aaount of v i ru s  3 days p r i o r  to  fu s io n .  The sp leen  c e l l s  were fused  w ith
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a y e lo a a  c a l l s  s t  a 10:1 r a t i o  (ap lean  c e l l : a y e lo a a  c a l l s )  in  30% PEG 

(po lye thy lene  g ly c o l ,  R.W. -  930-1030, J.T. Bakar C hea ica l Co.,
_ * T

P h i l l ip s b n rg ,  NJ). Ike  s e le c t iv e  HAT (1 * 10"* M hypozanthina. 8 z 10 

N a a in o p te r in  and 1.6  z 10”^ R th y n id in a ,  a l l  f ro a  S igaa  C haa ica l Co.) 

a a d in a  was addad ona day l a t e r  and the v i s i b l e  bybridoaa  c lones  appeared 

1-2 weeks a f t e r  fu s ion .  S upernatan t f l u i d s  of w e l ls  co n ta in in g  

b y b r id o aas  were screened  fo r  a n t i v i r a l  an tibody  p roduc tion  by 

ra d io ia a u n o a e sa y  (HIA) (R osenthal,  a t  a l . ,  1973) and enzyae-1  inked 

iaau n o ab so rb en t assay  (ELISA) (V o lle r ,  a t  a l . ,  1977). The a n t i v i r a l  

an tibody p o s i t i v e  b yb ridoaa  c e l l s  were then  cloned by the U n i t i n g  

d i l u t i o n  ne thod (R e lea rn ,  1980) and grown as a s c i t e s  in  p r i s ta n e  p r ia e d  

BALB/c a i c e .

104 ELISA Peed j j i  Hvbridoaa gfffpyaiM

( i)  RIA ( a o d i f i e d  f r o a  R o tben tbu l,  e t  a l . ,  1973): N in e ty - s i z -w e l l  

p o ly v in y l  c h lo r id e  p l a t e s  (Cookes E ngineering , A lezander, VA) were ooated 

w i th  p u r i f i e d  v i r u s  (50 X o f  p u r i f i e d  v i r u s ,  30 p g /a l )  37*C f o r  90 

a in . ,  and s a tu r a te d  w ith  50% f e t a l  c a l f  a e ru a  in  phosphate b u f fe red  

s a l in e  (PBS) a t  rooa t e n p e ra tu r e  fo r  90 a in u te a .  A f te r  th re e  PBS 

w ashings, 30 X of c u l tu r e  f l u i d  was added and incuba ted  a t  rooa 

t e a p e r a tu r e  fo r  3 hours. The p resence of bound aonoc lona l a n t ib o d ie s  was 

then  d e te r a in e d  by applying 50 X of 50,000 cp a /5 0  X o f *■* * I - la b e le d  goat 

a n t i -a o n a e  Ig (New England N uclear, Boston, MA) to  each w e ll .  A f te r  

incu b a tio n  fo r  an o th e r  3 hours a t  rooa  te a p e r a tu r e ,  and e z ten a iv e  washing 

(15 t i a e a )  w ith  PBS, the  w e l l s  were cu t  and counted in  a Beckaan y -  

coun ter  (Beckaan Co., Palo  A lto , CA).

( i i )  ELISA ( a o d i f i e d  f r o a  V o l le r ,  e t  a l . ,  1977): P o lys ty rene  f l a t -

b o t to a  w e l l s  (Dynatech D iag n o s t ic s ,  So. Vindhaa, RE) coa ted  w ith  100 X of
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p u r i f i e d  v i ru s  (10 |ig /n l  &A p ro te in )  end then  were washed w i th  PBS-tween 

(F ish e r ,  P i t t s b u rg h ,  PA) to  avoid any subsequent n o n - s p e c i f ic  b ind ing .

One hundred laaibda of t e s t  c u l tu r e  f l u i d  was added to  the  w e ll  and 

incubated  a t  rooa te a p e r a tu r e  fo r  3 hours. A f te r  washing the  w e l l s  3 

t i a e s  w ith  PBS-tween, 100 X of  a lk a l in e  phoaphataae-oon jugated  a f f i n i t y  

p u r i f i e d  r a b b i t  a n t i - a o u s e  Ig (~3 | ig /a l )  waa added. (The r a b b i t  a n t i -  

aouse Ig waa purchaaed f r o a  New England N uclear, and con jugated  accord ing  

to  a ae thod  deacribed  by V o lle r ,  a t  a l . ,  1977.) A f te r  in cu b a tio n  a t  rooa 

t e a p e r a tu r e  fo r  3 houra, fo llow ed  by f i f t e e n  waahings w ith  PBS-tween, 

s ig a a  104 phoaphatase s u b a t ra te  (S igaa  C heaica l Co., S t. Louis, MO) 

d is s o lv e d  in  d ie th a n o la a in e  b u f f e r  (S igaa  C hea ica l Co., S t.  Louis, MO) 

was added. The e n z y a a t ic  r e a c t io n  was allow ed to  proceed a t  37*C in  the 

dark  fo r  one hour and stopped by the NaOB, and the co lo r  change was read  

in  a a u l t i a c a n  s p e c tro p h o to a e te r  (Flow L ab o ra to r iea  Inc . .  B ockv il le ,  MD) 

e t  ODgoj*

Assays £2 £ S p e c i f i c i t y  al MOflOfflflaM A atlM ltt

(a) HA s p e c i f i c  aonoolonal a n t ib o d ie s

( i )  H en ag g lu t in a t io n  i n h i b i t i o n  aaaay

A acitea  f l u i d s  were t r e a t e d  w ith  r e c e p to r -d e a t ro y in g  enzyae (RDE) 

(World H ealth  O rgan iza tion ,  A t la n ta ,  OA) (Dowdle, a t  a l . ,  1979), and 

asaayed in  a s tan d ard  HI t e a t  (H ie rh o lz e r  and Sugg, 1969).

( i i )  I a n u n o p r e o ip i ta t io n

Soae HA s p e c i f i c  aonoc lona l a n t ib o d ie s  were a l so  t e s t e d  in  

i a a u n o p r e c ip i t a t i o n  assay. B r ie f ly ,  d is ru p te d  **S n e th io n in e  la b e led  

v i r u s  was a iz e d  w ith  aonoclonal a n t ib o d ie s  and the  a i z t u r e s  allow ed to
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bind to  Staphylococcus p r o te in  A. Bound ra d io la b e le d  v i r a l  p ro te in s  then  

were i d e n t i f i e d  on SDS po lyacry lam ide  g e ls .

(b) NA s p e c i f i c  aionoclonal a n t ib o d ie s :

Two aonoclonal a n t ib o d ie s  were i d e n t i f i e d  as being  NA s p e c i f i c  by 

i a a u a o p r e c i p i t a t io n .  Various d i l u t i o n s  of these  a s c i t e s  f l u i d s  were 

assayed in  a s tandard  NI t e s t  (Ayaard-Henry, e t  a l . ,  1973).

(c) Host s p e c i f i c  aonoclonal a n t ib o d ie s :

Host carbohydrate  s p e c i f i c  aonoc lona l a n t ib o d ie s  were i d e n t i f i e d  by 

RIA. Polywinyl a i c r o w e l l s  were coa ted  w i th  30 X of 50 p g /a l  of v i r a l  

p ro te in a  of the v i r u s  used du ring  i a a n n i s a t i o n  o r  w ith  an o th e r  v i r u s  of a 

d i f f e r e n t  subtype. A f te r  the  w e l l s  were s a tu ra te d  w ith  50% PCS, c n l tn re  

f l u i d s  were added and incubated  a t  rooa  t e a p e r a tu r e  fo r  3 hours. The 

presence of bound aonoc lona l a n t ib o id e s  waa then  d e te r a in e d  by applying 

* * * I- la b e le d  goat a n t i - a o u a e  Ig. Monoclonal a n t ib o d ie s  which bound to  

bo th  v i r u s e s  were h o s t  s p e c i f i c  aonoc lona l a n t ib o d ie s .

(d) NP s p e c i f i c  c lo n es ,  NA s p e c i f i c  c lones  as  w e ll  as HA s p e c i f i c  

c lones  lack in g  HI a c t i v i t y  were i d e n t i f i e d  by ge l p r e c i p i t a t i o n  technique 

by P. Graves, J. Young and P. P a le se  (D epartaen t of M icrobio logy, Mt. 

S in a i  Medical School, NY) were a lso  o b ta in ed  du ring  the course  of 

r e s e a rc h  and were no t u t i l i z e d  f u r th e r .

A ll hyb ridoaa  c e l l  l i n e a  were kep t in  5% DMSO-95% PCS, and s to re d  in  

l i q u id  n i t ro g e n  tank  (Cryo-aed. Co., Mt. C laens ,  MI).

Snbclasses

Subclasses  of aonoc lona l a n t ib o d ie a  were d e te r a in e d  by a o l id  phase 

ra d io ia a u n o a ssa y .  P o lyv iny l a i c r o t i t e r  w e lla  were coated  w ith  50 X o f  

a f f i n i t y  co luan  p u r i f i e d  aonoc lona l a n t ib o d ie s  (100 | ig /a l )  and then 

s a tu r a te d  w ith  50% PCS. The w e l la  were washed 3 t i a e s  w ith  PBS. P i f ty
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laabda  of 50,000 cp a /5 0  X 1* ‘I - l a b a la d  iso type  a p a o i f ic  goat a o t i-ao iiae  

a n t i t e r a  (Iao typa  a p a o i f le  goat a n t i - a o u s e  a a t i a a r a  wara ganarona g i f t a  

f r o a  P. Monpini, NIH) v a ra  addod. A f ta r  in c u b a tio n  a t  rooa t a a p a r a tn r a  

o v e rn ig h t ,  the  p la t e a  v a ra  vashad w ith  PBS (15 t i a a a )  and the aaonnt of 

r a d i o a c t i v i t y  bonnd to  the  v a l l a  vaa  d e te r a in e d  in  a Beckaan y -co u n te r .  

The s tandard* ie ln d ad  in  the assay  v a ra  MOPC 104 (IgM), a n t i -A rs  (IgGj). 

RPC5 (Ig02a) ,  MOPC 185 (Ig02b) and LPS7 (IgG3).

These r a s n l t s  v a ra  snbsequen tly  v e r i f i e d  in  an a n t ig a n - s p a c i f i e  

assay  of iso typ* . Tha v a l l a  v a ra  f i r s t  coated v i t h  p u r i f i e d  v i r u s  (50 pg 

p r o t a i n / a l )  and a a tu ra te d  v i t h  50% PCS. Then e i t h e r  p u r i f i e d  or 

u n p u r i f ie d  aonoc lona l  a n t ib o d ie s  v e re  added to  the  v e i l s  and incubated  a t  

ro o a  te a p e r a tu r e  overn igh t .  A f te r  3 vash ings  v i t h  PBS, 50 X of  50,000 

cp a /5 0  X of ’H -labeled  iso ty p e  s p e c i f i c  goat a n t i - a o u a e  a n t i s e r u a  v e re  

added, the p l a t e s  v e re  incubated  a t  rooa  t e a p e r a tu r e  o v e rn ig h t ,  and

vashed  15 t i n e s  v i t h  PBS. The aaount of r a d i o a c t i v i t y  bound to  the  v e i l s

v a s  a ea su red  in  a s c i n t i l l a t i o n  co u n te r  (Beckaan I n s t r u a e n t s ,  Inc .,  Palo 

A l to ,  CA).

P u r i f i c a t i o n s  s i  Monoclonal A ntibod ies  bx A f l l a l t l  Colunn

V irus-coup led  a f f i n i t y  eo lu an s  v e re  aade  in  the  f o l l o v in g  vay: 

V iruses  p u r i f i e d  on a 30-60% sucrose  g ra d ie n t  (Pa lese  and Schulaan , 1974) 

v e re  p e l l e t e d  in  0.9% NaCl a t  25,000 rp a  f o r  90 a i n u t e s  in  a Beckaan L2-

(5B or L3-40 O l t r a c e n t r i fu g e  (Palo A lto ,  CA). The p e l l e t s  v e re

resuspended in  0.9% NaCl c o n ta in in g  10% o c to g lu co s id e  (S ig aa ,  S t. Louis, 

M0) fo r  30 a i n u te s  a t  37*C, and coupled to  cyanogen b ro a id e  (CNBr)- 

a c t iv a t e d  sepharose 4B (P h a raae ia  Fine C h ea ica ls ,  P is c a ta v a y ,  NJ) in  

b ic a rb o n a te  b u f f e r  (0.1 M, pH 8 J )  a t  4*C o v ern ig h t .  The r e a a in in g
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a c t iv e  groups in  sepharose v a ra  blocked by 1 N e th a n o la a in e  in  b o ra te  

b u f f e r  (pH 8.0). The absorben t was than  washed a l t e r n a t e l y  v i t h  low pH 

( a c e t a t e  b u f f e r ,  0.1 M, pH 4.0) and h ig h  pH ( b o r a t e  b u f f e r ,  0.25 M, pH 

8.0) b n f f e r  fo r  3 c y c le s  to  reaove  uncoupled v i r a l  p r o te in s  and b lock ing  

agen t.  This v iru a -se p h a ro se  con juga te  was s to re d  a t  4*C and could be 

used r e p e a t e d ly .

The aonoc lona l a n t ib o d ie s  to  v i r a l  p r o te in s  v e re  p u r i f i e d  by 

a d so rp t io n  of a s c i t e s  f l u i d  to  the  v i ru a -se p h a ro se  co lu an  fo llow ed  by 

e l u t io n  v i t h  glyeine-HCl b u f f e r  (0 4  M, pH 2.8). The p u r i f i e d  a n t ib o d ie s  

v e re  n e u t r a l i z e d  i a a e d i a t e l y  by a d d i t io n  of s a tu r a te d  T r is  b u f f e r  and 

d ia ly z e d  a g a in s t  0.9% NaCl or PBS a t  4*C o v ern ig h t .  The co ln an s  v e re  

r eg en e ra ted  v i t h  10 co lu an  v o lu a e s  of b o ra te  b u f f e r  (pH 8.0) fo llow ed  by 

10 co lu an  v o lu a e s  of PBS co n ta in in g  0.02% NaNj,

P re - in o c u la t io n  N e u t r a l i z a t i n  P o a t - in o c u la t io n  P lla H t

H im
Both p r e - in o o u la t io n  n e u t r a l i z a t i o n  and p o s t - i n o c u la t i o n  plaque 

re d u c t io n  t i t e r s  v e re  d e te r a in e d  in  plaque assays  p e r fo ra e d  in  the  

fo llo w in g  way: MOCK ao n o lay e rs  v e re  in fe c te d  v i t h  e i t h e r  v i ru s  o r  a

a i z t u r e  of v i r u s  and an tibody . A f te r  one hour p e r io d  of a d s o rp t io n ,  the 

inocu lua  was reaoved and 5 a l  of agar  ov e r lay  c o n ta in in g  1 z MEN ( a i n i a u a  

e s s e n t i a l  a e d iu a ,  Gibco, Grand I s la n d ,  NT), 0.5% agar  and 2 | ig /a l  t r y p s in  

was added. The nuaber of p laques  was e a t i a a t e d  a f t e r  3-4  days of 

incu b a tio n  of 37*C in  an a ta o sp h e re  of 5% CO2 .

( i )  In  the p re in o c u la t io n  n e u t r a l i z a t i o n  t e s t  ( J a h ie l  and 

K ilbourne, 1966), equal v o lu a es  of v i ru s  ezpected  to  y i e ld  a p p r o z ia a te ly  

100 PFU (plaque fo r a in g  u n i t s ) /0 .1  a l  and of a e r i a l  4 - fo ld  d i l u t i o n s  of

RDE t r e a t e d  a s c i t e s  f l u i d  were a iz e d ,  and a llow ed  to  r e a c t  a t  37*C fo r  45
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M inutes. At the end of the r e a c t io n  p e r io d ,  0 JL a l  of the M ixtures were 

in o cu la ted  onto MDd n o n o la y e r t .  A f te r  a one hoar p e r io d  of ad so rp tio n ,  

the in o c n lu a  was reaoved ,  the d ishea  were washed wth PBS, and a 5 a l  of 

agar overlay  waa added. The nnaber of p laqnes  was counted a f t e r  3 -4  days 

of in e n b a t io n .

( i i )  In  the  p o s t in o c u la t io n  plaque re d u c t io n  t e s t  ( J a h ie l  and 

K ilbourne, 1966) the MOCK ao n o lay e rs  were in fe c te d  w ith  a p p r o x ia a te ly  100 

PFU of  v i ru s ;  a f t e r  v i r u s  a d so rp t io n ,  an agar  overlay  c o n ta in in g  

d i f f e r e n t  d i l u t i o n s  o f  RDE t r e a te d  a s c i t e s  f l u i d  was added, and plaques 

were counted a f t e r  3 -4  days in c u b a tio n .

P re in o c u la t io n  n e u t r a l i z a t i o n  and p o s t in o c u la t io n  p laque re d u c t io n  

t i t e r s  were d e te r a in e d  as  the  r e c ip ro c a l  o f  the d i l u t i o n s  of a s c i t e s  

f l u i d  th a t  reduced the nuaber  of PFU by 50%.

F r t a m s i t t  a l  Aa*iKfa>g XAfiAat* B J f g f d  bx  Monoclonal A ntibod ies

( i )  Koutine assay s :  The f re q u e n c ie s  of a n t ig e n ic  v a r i a n t s  were

ob ta ined  f r o a  the  r a t i o s  of the  nnaber of v a r i a n t s  d e te c te d  in  the 

presence of an excess aaoun t o f  aonoc lona l a n t ib o d ie s  to  the t o t a l  nuaber  

of in f e c t io u s  v i r a l  p a r t i c l e s  in  c loned v i r u s  seeds (Lubeck, e t  a l . ,

1980). B r ie f ly ,  w ild  type v i r u s e s  were f i r s t  cloned in  MDCK a o n o la y e rs ,  

and then  a l l a n t o i c  f l u i d  seeds were p repared  in  10 to  11 day o ld  ch ick  

eabryos. A ntigen ic  v a r i a n t s  were assayed by in cuba ting  these  v i r u s  seeds 

w ith  KDE-treated a s c i t e s  f l u i d s  co n ta in in g  aonoclonal a n t ib o d ie s  (45 

a i n n te s  a t  379C) and p laqu ing  on MDCK ao n o lay e rs .  V is ib le  p laques  were 

p icked s e p a ra te ly  and a f t e r  p r e p a ra t io n  of seed v i r u s e s  in  ch ick  eab ryos , 

were e o n f i r a e d  to  be v a r i a n t s  by HI and /o r  n e u t r a l i z a t i o n  assay  v i t h  

hoaologous aonoclonal a n t ib o d ie s .  The t o t a l  nuaber of i n f e c t io n s  v i r a l
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p a r t i c l e s  in tha  v i ru s  seeds v as  d e te r a in e d  fo llow ing  s e r i a l  d i l u t i o n s  of 

v i r u s  s e e d s .

( i i )  F requencies  of a n t ig e n ic  v a r i a n t s  d e te c te d  a t  d i f f e r e n t  

aonoc lona l an tibody  c o n c e n tra t io n s :  Hie assay  sy s te  a  was the saae  as ( i )

except th a t  d i f f e r e n t  d i l u t i o n s  of ID E -trea ted  a s c i t e s  were te s t e d .  In 

t h i s  assay , the  p laques  p icked were screened  very  c a r e f u l ly  by b o th  HI 

t e s t s  and n e u t r a l i z a t i o n  assay  to  ensure  t h a t  none of the  v i ru s  

p o p u la t io n s  whioh su rv ived  a t  a p a r t i c u l a r  an tibody  c o n c e n tra t io n  were 

u a n e u t ra l ix e d  w ild  type v i ru s  p a r t i c l e s .

( i i i )  F requencies  of a n t ig e n ic  v a r i a n t s  d e te c te d  when an tibody  was 

p r e s e n t  only  during  the  p re in o c u la t io n  p e r io d :  This p rocedure  i s  s i a i l a r

to  ( i )  excep t th a t  a f t e r  the ad so rp t io n  p e r io d ,  the  inoou lua  was reaoved  

and the  d is h e s  were washed w ith  PBS b e fo re  the  agar overlay  was added.

Bind inn C onstan ts  1 H

Hie b ind ing  c o n s ta n ts  (K) of aonoc lona l a n t ib o d ie s  w ith  v i ru s e s  were 

d e t e r a in e d  by so l id -p h a se  RIA (Frenkel and Gerhard, 1979; F ran k e l ,  1980). 

In  b r i e f ,  96 w e ll  p o ly v in y l c h lo r id e  a i c r o t i t e r  w e l l s  were f i r s t  coated  

w ith  a c o n s ta n t  aaount of p u r i f i e d  v i r u s  (50 X of 50 | ig / a l  p r o te i n  in  

PBS) a t  37*C f o r  90 a i n u t e s ,  and th en  uncovered s i t e s  on the  w e l l s  were 

s a tu r a te d  w ith  50% FCS. A f te r  th re e  washings w i th  PBS, 50 X of tw o -fo ld  

d i l u t i o n s  co n ta in in g  c o n c e n tra t io n s  rang ing  f r o a  0.01 | ig /a l  to  5 p g /a l  of 

a f f i n i t y  p u r i f i e d  aonoc lona l a n t ib o d ie s  were added. Hie p l a t e s  then  were 

incubated  a t  rooa t e a p e r a tu r e  o v e rn ig h t to  reach  e q u i l i b r i u a  (Z o l l in g e r ,  

e t  a l . ,  1976). Hie b ind ing  of an tibody to  the v i r u s  coa ted  p l a t e s  vas  

a ea su red  fo llo w in g  a d d i t io n  of 50 X of 50,000 cp a /5 0  X of * * f I - g o a t  a n t i -  

aouse Ig (New England N uclear, Boston, NA). The c o n c e n tra t io n  of bound 

an tibody  vas d e te r a in e d  by a b ind ing  curve e s ta b l i s h e d  s ia u l t a n e o u s ly

34



using  in c re a s in g  a n t ig e n  c o n c e n tra t io n  and co n s tan t  c o n c e n tra t io n  of 

an tibody , and v as  d e te r a in e d  as the  a  ax i  ana  aaount of an tibody bound a t  

o p t i a a l  a n t ig e n  c o n c e n tra t io n .  The c o n c e n tra t io n  of f re e  an tibody  vas 

c a lc u la te d  by s n b s t r a c t in g  th e  c o n c e n tra t io n  of an tibody bound f r o a  th a t  

of t o t a l  an tibody. The b ind ing  c o n s ta n ts  (K), v h ie h  r e f l e c t  the a v id i ty  

of b ind ing  b e tv e e n  an t ig e n s  and a n t ib o d ie s ,  v e re  d er ived  f r o a  l i n e a r  

r e g re s s io n  a n a ly s i s  of a Schatchard  p lo t  of [Ab] bound/[Ab] f r e e  v e rsu s  

[Ab] bound (Schatchard , 1949; F rankel and Garhard, 1979).

Q u a n t i ta t io n  a l  Monoclonal Aatifrg41tf i l l  A l f i i t f l  E i l id A

The c o n c e n tra t io n s  of aonoclonal a n t ib o d ie s  in  a s c i t e s  f l u i d s  v e re  

d e te c te d  by so l id -p h a se  MIA a o d i f i e d  f r o a  a ae thod  d esc r ib e d  by Stevens 

(1980) and Yarchoan, e t  a l .  (1981). B r ie f ly ,  p o lyv iny l  a i c r o t i t e r  v e i l s  

v e re  f i l l e d  v i t h  SO pi o f  SO pg p r o t e i n / a l  of p u r i f i e d  v i r u s  f o r  90 

a i n u te s  a t  37*C. The v e i l s  then  v e re  s a tu r a te d  by the  a d d i t io n  of S0% 

PCS, and vashed 3 t i a e s  v i t h  PBS. Q u ad rap liea te ,  s e r i a l  2 - f o ld  d i l u t i o n s  

of the  a s c i t e s  f l u i d  being t e s t e d  then  v e re  added to  the  v e i l s .  

P re d e te ra in e d  c o n c e n tra t io n s  of aonoclonal an tibody  p u r i f i e d  by a f f i n i t y  

eh roaa tography  v e re  run in  p a r a l l e l  in  the  sane p l a t e  and used as a 

re fe re n c e  s tandard . A f te r  o v e rn ig h t in c u b a tio n  a t  rooa  t e a p e r a tu r e ,  the 

p l a t e s  v e r e  vashed aga in  and developed v th  SO X o f  S0.000 opa/SO X *><I- 

la b e le d  goat a n t i - a o u s e  Ig . The v e i l s  v e re  f i n a l l y  vashed IS t i n e s  and 

counted in  a Beckaan y -co u n te r .  The c o n c e n tra t io n  of each aonoc lona l 

an tibody  in  the a s c i t e s  f l u i d  v as  c a lc u la te d  acoording to  the  s tandard  

curve ob ta ined  v i t h  i t s  r e s p e c t iv e  p u r i f i e d  aonoc lona l an tibody.
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Io d in s t io n  S i  P X F itiS i

A f f in i t y - p u r i f i e d  a n t i  s e ra  or aonoclonal a n t ib o d ie s  v e re  io d in a te d  

w ith  Nal s < I  (low pH, c a r r i e r - f r e e  Naia < I ,  f ro a  New England N uclear, 

Boston, NA) accord ing  to  the C h lo raa ina  T ae th o d  d esc r ib e d  by Greenwood, 

e t  a l .  (1963). The non-pro te in -bound  r a d io a c t iv e  iod ine  and s a a l l  

a o l e e u la r  w eight re a g e n ts  were reaoved on a G-50 co lu an  by c e n t r i f n g in g  

the  r e a c t io n  a i x t u r e  co n ta in in g  1 a l  G-50 sepharoae fo r  2 a in n te a  a t  900 

rp a  in  a Beckaan aode l  TJ-6 C en tr ifuge  (Palo A lto , CA) (Penefsky and 

H arv ey .  1977).

S tu d ie s  s i  J J l i  B io lo a ic a l  A c t iv i ty  s i  A a t i M l f f  i f i  Mifil

The b io lo g ic a l  a c t i v i t y  o f  aonoc lona l a n t ib o d ie s  XT101 and XT103 

(both are  Z31 HA s p e c i f i c )  in  a i c e  in fe c te d  w i th  X31 v i ru s  were s tu d ied  

in  a ssays  e q u iv a le n t  to  the p r e - in o c u la t io n  n e u t r a l i z a t i o n  and p o s t ­

in o c u la t io n  plaque re d u c t io n  assays  in  t i s s u e  c u l tu r e .

( i )  The e f f e c t  of v i r u s  in f e c t io n  in  a i c e  p re in o c u la te d  v i t h  

aonoc lona l a n t ib o d ie s  (eq u iv a len t  to  p r e -  and p o s t - in o c u la t i o n  

n e u t r a l i z a t i o n ‘assay  in  t i s s u e  c u l tu r e ) :

CD-I p a th o g e n -f re e ,  a a l e  a i c e  were f i r s t  in j e c te d  i n t r a p e r i t o n e a l l y  

w i th  1:15 d i l u t i o n s  of a s c i t e s  f l u i d s  of XT101 or XT103. Control a i c e  

were in j e c te d  w ith  PBS. Twenty-four hours l a t e r ,  s e r i a l  5 - fo ld  d i l u t i o n s  

rang ing  f r o a  10-2  to  10- **2 of Z31 a l l a n t o i c  f l u i d  seed v i r u s  were used 

to  in f e c t  the  a i c e  by se ro so l  (8 a i c e / v i r u s  d i l u t i o n ) .  The appara tu s  and 

techn ique  of ae ro so l  in f e c t i o n  was p e r fo ra e d  accord ing  to  a procedure 

d esc r ib e d  by Schulaan and K ilbourne (1963a).

Nice were exanginated  and lungs were reaoved  a s e p t i c a l l y  3 days 

l a t e r .  The presence of v i ru s  in  th e  lung v a s  d e te r a in e d  by a ae thod

d esc r ib ed  by Schulaan and Kilbourne (1963b). B r ie f l y ,  lungs in  ABS-gel
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(PBS co n ta in in g  500 U /a l  p e n i c i l l i n ,  5 a g / a l  a t r a p to a y c in  and 0.1% 

g e la t in )  were ground w ith  t e l f l o n  g r in d e rs  a t  4*C, and the  suapenaiona 

were c e n tr i fn g e d  a t  2,500 rp a  f o r  15 a in n te a  in  a Beckaan nodal TJ-6 

c e n t r i tn g e  (Palo A lto , CA). The a u p e m a ta n ts  were d i lu te d  to  1:100 in  

PBS con ta in in g  500 U /a l  p e n i c i l l i n  and 5 a g / a l  a t r a p to a y c in  and 0.1 a l  

were in o c u la te d  in to  the a l l a n t o i c  c a v i ty  of 10 to  11-day old  ch ick  

eabryos. A f te r  40 to  48 hours of in c u b a tio n ,  v i r a l  h e a a g g ln t in in  vas  

t e s t e d  a t  a 1:4 d i l u t i o n  in  a a e ro w e l l s  (Becton D ickinson Co., Oxnard, CA) 

w ith  0.5% hnaan '0 ' type BBC. The d i l u t i o n  of v i r u s  a t  which 50% of the 

a i c e  v e re  in fe c te d  was expressed  as the  aonae in f e o t io n s  dose^0 (NIDjq) 

accord ing  to  a s tandard  ae thod  (Schnlaan  and K ilbourne, 1943a).

( i i )  The e f f e c t  of aonoc lona l a n t ib o d ie s  in  a i c e  p r e in f e c te d  w ith  

X31 v i r u s  (eq u iv a le n t  to  the p o s t in o c u la t io n  p laque re d u c t io n  assay  in  

t i s s u e  c u l tu re ) :

Nice were exposed to  ae ro so l  in f e o t io n  using  a 1:10 d i l u t i o n  of X31 

a l l a n to i c  seed v i r u s  accord ing  to  a s tandard  procedure e s t a b l i s h e d  in  

t h i s  l a b o ra to ry  (Schulaan  and k i lb o u rn e ,  1963a). Four hours a f t e r  

in f e c t io n ,  the  a i c e  were in o o u la ted  w ith  c o n c e n tra t io n s  of XT101 or XT103 

co n ta in in g  e q u iv a le n t  HI a c t i v i t y  or w ith  PBS in t r a p e r i t o n e a l l y .  Lungs 

were reaoved a s e p t i e a l l y  3 and 7 days l a t e r ,  and pu lao n ary  l e s io n s  v e re  

scored on day 7 (H o rs fa l l ,  1939).

The t i t e r s  of v i ru s  in  lungs were d e te r a in e d  accord ing  to  the  ae thod  

d esc r ibed  by Schnlaan  and Kilbourne (1963a). B r i e f l y ,  0.1 a l  of v a r io u s  

10- f o l d  d i l u t i o n s  of s u p e rn a ta n ts  of ground lung suspensions  v e re  

in o c u la te d  in to  ch ick  eabryo  in  t r i p l i c a t e .  The p resence of v i r a l  HA 

a c t i v i t y  was d e te c te d  in  a a e ro w e l ls  a f t e r  40 to  48 hours in c u b a t io n  a t
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37*C. The v i r u s  t i t e r s  ih  longs were expressed  as EID5 Q (egg in f e c t io n s  

dose5 Q; the  d i l u t i o n  of su p e rn a ta n ts  in f e c t in g  50% of eabryona tcd  eggs).

P re p a ra t io n  o f  A n t i - id io tv p e  A n tise ra

Syngeneic a n t i - i d i o ty p e  a n t i s e r a  a g a in s t  aonoc lona l a n t ib o d ie s  B118, 

B123, B142 and B147 ( s p e c i f i c  f o r  B/Lee HA) were r a i s e d  in  BALB/c a i c e  

us ing  a ae thod  d esc r ib ed  by Bona, e t  a l .  (1979). Nonoclonal a n t ib o d ie s  

p u r i f i e d  on BLee-sepharose co lu an  were coupled to  keyhole l i a p e t  

heaocyan in  (KLH) (1:1) by g lu ta ra ld eh y d e  (Bona, e t  a l . ,  1979). BALB/c 

a i c e  were ia a u n iz e d  w ith  75 pg o f  aonoclonal antibody-KLH e a u l a i f i e d  in 

c o a p le te  Freund 's ad juvan t (Gibco L a b o ra to r ie a ,  Grand I s la n d  B io lo g ic a l  

Co., Grand I s la n d ,  NT) then  5 daya l a t e r  w i th  75 pg of aonoc lona l 

antibody-KLH in  in c o a p le te  Freund's ad juvan t fo llow ed  by 75 pg of 

aonoc lona l antibody-KLH in  s a l in e  weekly f o r  6  weeks. A f te r  the  l a s t  

i a a u n iz a t io n ,  n ic e  were b led  a t  in t e r v a l s  f o r  two a o n th s  and se ra  of 

in d iv id u a l  a i c e  were pooled.

Hoaologous a n t i - i d i o ty p e  a n t ie e r a  a g a in s t  aonoc lona l an tibody  P20 

and P28 ( s p e c i f i c  fo r  PR8  HA) were p repared  by s i a i l a r  p rocedures  except 

t h a t  aonoclonal a n t ib o d ie s  were no t coupled to  KLH b e fo re  i n j e c t i o n  and 

A/J n ic e  were used in s te a d  of BALB/c a i c e .  A ll of the  hoaologous 

a n t i s e r a  were adsorbed on a BALB/c Ig  co lu an  to  e l i a i n a t e  a n t i - a l l o ty p e  

a n t ib o d ie s  befo re  f u r th e r  p u r i f i c a t i o n .  ( I n i t i a l  e f f o r t s  to  r a i s e  a n t i -  

P20 and a n t i -P 2 8  antibody in  BALB/c a i c e  were u n su c c e ss fu l) .

P u r i f i c a t i o n  £ l  A tp l-jd ja tC T.f fcx A f f l a l t l  CglPM

Chroaatozraphv

Hie a n t i - i d i o ty p e  a n t i s e r a  were p u r i f i e d  on co rresponding  aonoclonal 

a n t ibody -sepharose  columns using  ae thods  s i a i l a r  to  those eaployed  in
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p u r i fy in g  aonoc lona l a n t ib o d ie s  over v i rn s - s e p h a ro s e  co luans .  Monoclonal 

an tibody -sepharose  co ln an s  ware aada u s ing  aonoc lona l a n t ib o d ia s  p a r i f i a d  

in  two s tap s :

Step Ofts: P raclP ltatlon  with Am p r I m  SP-HM*

Ona vo lune of a a tn ra ta d  a a a o n in a  a n l f a t a  (Schwartx-Mann, Orangeburg, 

NT) was addad dropw isa to  ona wolnaa of a s o i t a s  f l u i d  oon ta in ing  

aonoc lona l a n t ib o d ia s .  Tbs snspansions  wars s t i r r a d  f o r  a t  l a a s t  10 

a i n n ta s  to  raacb  s q u i l i b r i u a ,  and p r a c i p i t a t a s  w ars s a d ia a n ta d  by 

e s n t r i f n g a t io n  a t  10,000 rp a  fo r  ona bonr in  a S o r r a l l  C an tr ifn g a  

(Sorwall I n « t r u a a n ts ,  Nawton, CT). Tha p r a o i p i t a t a s  than  wars d is s o lv e d  

in  a a i n i a n a  wolnaa o f  PBS and tha s o lu t io n s  than  wars d ia ly z a d  a g a in s t  4 

l i t e r s  o f  40 aM phosphate b n f f e r  (pH 8.0) ow arnight a t  4*C.

S tep  Xk£: DEAE Chronatoaraphw

D ie th y la a in o e th y l  c a l ln lo s a  (DE52) (V hataan  C h e a ic a l ,  England) 

oo lnans  ware packed accord ing  to  tha  i n s t r n e t io n s  provided  by tha 

a a n u f a c tu r e r  and a q n i l ib r a t a d  w ith  10 eo lu an  wolnaa of 40 aN phosphate  

b n f f e r  (pH 8.0). Tha nond ia ly zab le  a a t e r i a l  f r o a  s tap  1 was loaded onto 

th a  co lnan  and in  a s in g le  s tap  a ln ta d  w ith  40 aM phosphate b n f fe r .  The 

p ro te in  c o n ta in in g  f r a c t i o n s  ware d e te c te d  a t  absorbance of 280 na. 

P os itiw e  f r a c t i o s n  were pooled, co n o an tra tad  w i th  Carbowaz (PEG 20,000, 

F is h e r ,  F a ir la w n ,  NJ) and d ia ly z a d  owarnight a g a in s t  0.9% NaCl.

AtJ-iXi Xfil Idiotwnas
The assays fo r  c ro s s - ra a e t iw a  id io ty p e s  inc luded  HI and RIA, and 

ware p e r fo ra a d  as  fo l lo w s :

( i )  H e a a g g lu t in a t io n  i n h i b i t i o n  assay  (HI). Sheep rad  blood c a l l s  

(SRBC) were coated  w ith  a f f i n i t y  p n r i f i a d  aonoc lona l a n t ib o d ia s  us ing  tha

c h ro n ic  c h lo r id e  (CrCl^) ae thod  (Bona, a t  a l . ,  1978) as  fo l lo w s :  0.1 a l
3 9



a f f i n i t y  p u r i f i e d  aonoclonal a n t ib o d ia a  (a t  b o n cen tra t io n a  of 0.7 to  1.0 

a g / a l ) ,  0.1 a l  0.1% CrClg in  a a l in a  and 0.1 a l  50% SKBC v a ra  a i z a d  and 

re a c te d  in  a a a a l l  t e a t  tuba. The r e a c t io n  vaa atoppad w ith  abont 20 a l

0.9% a a l in a  aa aoon aa tha  SRBC a t a r t e d  to  a g g lu t in a t e  (a p p ro x ia a te ly  3 

a in o te a ) .  Tha anapanaion of SKBC coated  v i t h  aonoc lona l a n t ib o d ia a  than 

vaa  vaahad 3 t i a a a  v i t h  a a l in a  and reaoapended in  S a l  a la in e  (3% PCS). 

Syngeneic or hoaologoua a n t i - i d i o ty p e  aara than  v a ra  aaaayad to  d a t a r a in a  

tha  d i l u t i o n  a t  v h ic h  h a a a g g lu t in a t io n  of coatad  SKBC vaa  a t i l l  p re a e n t .  

In  thaaa  aaaaya a p o a i t iv e  c o n tro l  vaa  inc luded  in  tha  f o r a  of r a b b i t  

a n t i - a o u a e  Ig  aa ra  to  v e r i f y  th a t  coup ling  o f  aonoc lona l a n t ib o d ia a  to  

tha  SKBC had oecured. Negative c o n t ro la  inc luded  a a l in a  to  enaure th a t  

apontaneoua a g g lu t in a t io n  of SRBC vaa  no t obaarvad. A n t i - id io ty p e  aerua 

vaa d i l u t e d  to  a co n o a n t ra t io n  a t  vh ioh  i t  a t i l l  had a h e a a g g lu t in a t io n  

t i t e r  o f  1:3 ( i .e .  a g g lu t in a t io n  vaa obaarvad on ly  in  th a  f i r a t  w a l l ) .  

Ulan, tha c ap a o i ty  of v a r io u a  aonoc lona l a n t ib o d ia a  to  i n h i b i t  

a g g lu t in a t io n  of thaaa coatad  e ry th ro e y te a  by a n t i - i d i o ty p e  a n t i a e r a  v a ra  

d e te r a in e d  accord ing  to  tha  aa thoda  daac r ibad  by Bona, a t  a l .  (1978).

Tha HI t i t a r a  v a r a  re p o r te d  aa lo g 2 of tha  r a o ip ro e a l  of tha  h ig h e a t  

d i l u t i o n  of i n h i b i to r a  v h ich  in h ib i te d  h e a a g g lu t in a t io n .

( i i )  RIA (Bona, a t  a l . .  1 9 80a) .  RIA o f  b o th  d i r e c t  b in d i n g  and 

c o a p a t i t i o n  i n h i b i t i o n  v a ra  uaad.

(a) D ire c t  RIA. M ic r o t i t e r  v a l l a  v a ra  ooatad v i t h  eo n ce n tra t io n a  

of p u r i f i e d  a n t i - i d i o ty p e  a n t ib o d ia a  rang ing  f r o a  1 p g /a l  to  100 | ig /a l  

o v e rn ig h t  a t  4*C. A f te r  3 vaah ln g s ,  they  v a ra  incubated  fo r  90 a in u ta a  

a t  rooa  te a p e r a tu r e  v i t h  50% PCS, and th an  v i t h  va r io u a  l s * I - la b e le d  

aonoclonal a n t ib o d ia a  (50,000 cpa) fo r  3 houra. A f te r  ez tan a iv e  vaah ing ,

the v a l l a  v a r a  cu t and counted in  tha
4 0



(b) Com petit ion  I n h ib i t i o n  RIA. In p re l im in a ry  a ssays ,  d i f f e r e n t  

c o n c e n tra t io n s  of p n r i f i a d  a n t i - i d i o ty p e  an tibody v a ra  nsad to  coa t 

m i c r o t i t e r  w e l l s  and the b ind ing  of a oons tan t  amount (30.000 cpm) of 

p u r i f i e d  1 , , I - l a b e le d  monoclonal an tibody was measured. C oncen tra tions  

of the p u r i f i e d  a n t i - i d i o ty p e  an tibody  which bound the  monoclonal 

an tibody  w i th in  the  l i n e a r  range then  were used in  the  i n h i b i t i o n  assay . 

In  t h i s  assay ,  v a r io u s  c o n c e n tra t io n s  of d i f f e r e n t  u n labe led  p u r i f i e d  

monoclonal a n t ib o d ie s  were t e s t e d  w i th  r e s p e c t  to  t h e i r  a b i l i t y  to  

i n h i b i t  the b ind ing  of a n t i - i d  a n t ib o d ie s  w ith  homologous or h e te ro lo g o u s  

* * f I - l a b e l e d  monoclonal a n t ib o d ie s .

Viral XahlfrltlffP Aiiix

To de te rm ine  the  a b i l i t y  of p u r i f i e d  v i r u s  to  i n h i b i t  the  b ind ing  of 

monoclonal a n t ib o d ie s  w i th  a n t i - i d  a n t ib o d ie s ,  m ix tu res  of 1* * I - la b e le d  

monoclonal a n t ib o d ie s  and v a r io u s  c o n c e n tra t io n s  of p u r i f i e d  v i r u s  v e re  

p re in c u b a ted  f o r  one hour, and then  added to  p l a t e s  coa ted  w ith  a n t i - i d  

a n t ib o d ie s .  The c o n c e n tra t io n  of p u r i f i e d  v i r u s  th a t  oauaed a 30% 

re d u c t io n  of b ind ing  o f  1 4 *I-nonoclona l a n t ib o d ie s  to  a n t i - i d  an t ib o d y -  

coated  w e l l s  was determ ined .

D e te rm in a t io n  s i  P r o te in  C oncen tra t ion

The p r o te in  c o n c e n tra t io n  of p u r i f i e d  monoclonal a n t ib o d ie s  and 

v i r u s e s  was de term ined  e i t h e r  by Lowry assay (Lowry, e t  a l . ,  1931) o r  by 

the  Bio-Rad p r o te in  a ssay  (Bio-Rad L a b o ra to r ie s ,  Richmond, CA).
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I a a u n ix a t io n  u &  B leedins

( i )  To study the id io ty p s  of snti-BA a n t ib o d ia s  in  young n ic a .

Ona# 7# 14, 21, and 28 day old  BALB/c mice v a ra  in j a c ta d  w ith  10

pg/aouse  of p n r i f i a d  BLaa v i r u s  in t r a p a r i t o n a a l l y .  Tba n ic a  wara b lad  S 

days a f t a r  i a a u n ix a t io n .  Tba t i t a r  of a n t i - v i r a l  h a a a g g lu t in a t in g  

i n h i b i t i o n  an tibody  vas d a ta r a in a d  by s tandard  HI a ssay ,  and tha  

ax p ra ss io n  of a c r o s s - r a a o t iv a  Id sharad v i t h  aonoc lona l an tibody  v as  

s tu d ie d  in  HI assay  or by RIA.

( i i )  To study  tha id io ty p ic  ax p ra s s io n  during  p r i a a r y  and secondary 

anti-HA an tibody  responses  in  a d u l t  BLAB/c a i c e .

Tw enty-four a d u l t  BALB/c n ic e  v a ra  d iv ided  in to  tv o  groups. In the

p r i a a r y  ia a u n e  response group, a i c e  v a ra  ia a u n ix e d  v i t h  10 pg/aouse of 

p u r i f i e d  B/Lee v i r u s  and b lad  S, 10, 20, 30 and 60 days a f t a r  

i a a u n ix a t io n .  In  tha secondary ia a u n e  response group, a i c e  p r i a a d  v i t h  

10 pg/aouse  of p u r i f i e d  B/Lee v i r u s  v a ra  in ja c ta d  v i t h  tha  saaa  inocu lua  

4 vaaks l s t a r ,  and than b lad  3, 7, 20 and 30 days a f t a r  boost.  A nti­

v i r a l  HA t i t e r s  of a n t i s a r a  pooled f r o a  p a i r s  of a i c e  in  tha  group of 12 

a i c e  v a ra  aea su re d  in  a n t i - v i r a l  HI a ssays  and ra d io ia a u n o a s s a y .

( i i i )  To study tha g e n e t ic s  o f  anti-HA an tibody  response.

Tha ax p ra ss io n  of id io ty p a s  o f  aonoc lona l a n t ib o d ia s  s p e c i f i c  fo r  

B/Lee v i ru s  HA in  v s r io u s  s t r a i n s  of inbred n ic e  v a r a  s tu d ie d  in  a n t i s a r a  

ob ta ined  a f t e r  p r i a a r y  and secondary ia a u n ix a t io n  v i t h  B/Lee v i ru s .  The 

s t r s i n s  of a i c e  included in  tha  study v a ra  BAIB/c, BALB.B, BALB.K,

BAB.14, C.B20, C.AL20, DBA/1J, DBA/2J, CBA/J, PL /J , A /J , AKR/J, SVR/J. 

R I I IS /J ,  CS7BL/6, CE/J and C3H/J. A ll a i c e  v a ra  ia a u n ix e d  v i t h  p u r i f i e d  

B/Lee v i r u s  (10 pg/aousa) and than b lad  10 and 20 days a f t a r  

i a a u n ix a t io n .  The n ic e  v a ra  r e ia a u n ix e d  v i t h  tha  saaa  c o n c e n tra t io n  of
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v i r u s  one aon th  a f t e r  p r i a i n g ,  and b led  7 and 20 days la te r*  Tbe a n t i ­

v i r a l  HA t i t e r s  of tbe se ra  were a ea sn red  in  HI assay . Tbe ex p ress io n  ot 

id io ty p e s  shared v i t h  aonoclonal a n t ib o d ie s  was s tu d ie d  by RIA.

(iv) To study the id io ty p ic  ex p re ss io n  of BALB/c a i c e  ia a u n ix e d  w ith  

n a tu ra l  v a r ia n t s  of B/Lee v i r u s .

Adult BALB/c n ic e  were ia a u n ix e d  i n t r a p e r i t o n e a l l y  w ith  p u r i f i e d  

B/Oreat Lake/54, B/Hong Kong/8/72, B /V ic to r ia /7 0  o r  B /M aryland/59 v i r u s  

(10 pg p r o te in /a u s e )  and r e ia a u n ix e d  one a o n th  l a t e r  w ith  the  sane aaount 

of the saae  v i r u s .  Sera were ob ta ined  10 daya a f t e r  p r i a a r y  ia a u n ix a t io n  

and 7 days a f t e r  secondary i a a u n ix a t io n .  Tbe HI t i t e r s  a g a in s t  the  

ia a u n ix in g  v i ru s e s  and a g a in s t  B/Lee v i r u s  were d e te r a in e d ,  and the 

exp ress io n  of id io ty p e s  shared w i th  B/Lee aonoclonal a n t ib o d ie s  were 

s tu d ied  by RIA.

(v) To study the  id io ty p ic  e x p re s s io n  of v a r io u s  sp e c ie s  of a n in a l s  

ia a u n ix e d  w i th  B/Lee v i r u s .

I a a u n ix a t io n  and b leed ing  o f  ch ickens ,  guinea p ig s ,  r e t s  and r a b b i t s  

were p e r fo ra e d  by Pocono R abbit F a ra  and L abora to ry  (Canadensis, PA) as 

fo llow s: A ll a n in a l s  were ia a u n ix e d  in t ra v e n o u s ly  v i t h  100 pg

p r o t e i n / a n i a a l  of p u r i f i e d  B/Lee v i r u s  and b led  10 daya l a t e r .  These 

a n in a l s  were re ia a u n ix e d  w ith  the  saae  aaount of v i ru s  on day 40 and 

exaguinated  on day 47. Huaan eord  blood s e ru a  was a g i f t  f r o a  Dr. F. 

S iega l (D epartaen t of M edicine, Mt. S in a i  Medical C enter, NT). The a d u l t  

huaan sera  were c o l le c t e d  f r o a  v o lu n te e r  donors w i th in  the  la b o ra to ry .

Tbe an ti-B /L ee  HI t i t e r s  of these  se ra  were s tu d ie d ,  and the  ex p ress io n  

of c r o s s - r e a c t i v e  id io ty p e s  shared by B/Lee aonoc lona l a n t ib o d ie s  was 

d e te r a in e d  by c o a p e t i t i o n  i n h i b i t i o n  RIA.
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V III . RESULTS

A. CHARACTERIZATION OF MONOCLONAL ANTIBODIES TO INFLUENZA VIRUSES IN

TERMS OF ANTIVIRAL HI TITERS. SUBCLASSES AND FINE SPECIFICITIES

( i)  Monoclonal a n t ib o d ie t  s p e c if ic  Xj2£  EM  v iru s

The aonoclonal a n t ib o d ia a  to  PR8 v i ru s  HA need in  th e se  s tu d ie s  were 

P8, P20 and P28. T he ir  a n t i v i r a l  HI t i t e r s  and su b c la s se s  a re  l i s t e d  in  

Table I I .  All th re e  aonoc lona l a n t ib o d ie s  have s i a i l a r  a n t i v i r a l  HI 

a c t i v i t y ,  and P8, P20 and P28 belong to  su b c la s se s  IgG2 f)» I gG2b* ,nd  

I *°l« r e s p e c t iv e ly .

These aonoc lona l a n t ib o d ie s  were d e te r a in e d  to  be s p e c i f i c  fo r  

d i s t i n c t  a n t ig e n ic  d e t e r a in a n t s  on PR8 HA on the b a s i s  of the  fo llo w in g  

c r i t e r i a :  (a) the  f re q u e n c ie s  of a n t ig e n ic  v a r i a n t s  in  the  presence of 

p a i r s  o f  aonoc lona l a n t ib o d ie s  were e q u iv a le n t  to  the p ro d u c ts  of those 

f req u e n c ie s  observed in  the  p resence of each aonoclonal an tibody  alone 

(Lnbeck. e t  a l . .  1980); (b) when v a r i a n t s  s e le c te d  in  th e  p resence  of a 

p a r t i c n l a r  aonoc lona l an tibody  were eza a in ed  in  HI or n e u t r a l i z a t i o n  

assays  aonoc lona l a n t ib o d ie s  d i r e c te d  to  o th e r  d e t e r a in a n t s  s t i l l  r e a c te d  

a t  unchanged t i t e r .  The HI t i t e r s  of P8, P20 and P28 to  PR8 v i r u s  and 

v a r i a n t s  a re  shown in  Table I I I .  I t  can be seen t h a t  v a r i a n t s  s e le c te d  

in  the p resence  of P8 (P8 v a r i a n t s ) ,  in  the  p resence o f  P20 (P20 

v a r i a n t s )  o r  in  the  p resence of P28 (P28 v a r i a n t s )  d id  n o t  r e a c t  w ith  the 

aonoc lona l a n t ib o d ie s  used in  s e le c t io n .  However, the  t i t e r s  of 

aonoclonal a n t ib o d ie s  no t  used in  the  s e l e c t io n  r e a a in e d  r e l a t i v e l y  

unchanged w i th in  the  range of e r r o r  of the  HI assay. For in s ta n c e ,  P8 no 

longer re a c te d  w ith  P8 v a r i a n t s  bu t  P20 and P28 s t i l l  r e a c te d  w ith  P8 

v a r i a n t s  a t  h igh  t i t e r s .  Thus, i t  i s  ev iden t t h a t  P8, P20 and P28 a re

r e a c t iv e  w ith  d i f f e r e n t  d e t e r a in a n t s  on the  PR8 HA a o le c u le .
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Table II

SUMMARY OF ANTI-VIRAL HEMAGGLUTINATION INHIBITION (HI) TITERS

AND SUBCLASSES OF MONOCLONAL ANTIBODIES AGAINST PR8 VIRUS

Monoclonal HI titers* Subclasses
antibodies d r 8 2  un*ts)

P8 7 Ig G2b

P20 8 Ig C2b

P28 8 Ig C L

*Two-fold dilutions of RDE treated ascites were used to inhibit the 
hemagglutination of human RBC by 16-32 hemagglutlnating units of 
PR8 virus. The titers are expressed as the reciprocal (logo) of 
the highest dilution of RDE treated ascites that causes inhibition 
of hemagglutination.
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Table III

REACTIVITY OF MONOCLONAL ANTIBODIES TO PR8 VIRUS HA WITH 

VARIANTS SELECTED WITH DIFFERENT MONOCLONAL ANTIBODIES

Viruses Number of Range of HI titers (log£ units)
 variants examined___________ P8________ P20_________ P28

o
PR8 - 7 8 8

P8 Variants* 8 < 1 6^7A 6^8

P20
*Variants 7 5^7 < 1 6^8

P28
A

Variants 6 5^7 6^7 < 1

*
P8, P20 and P28 variants were variants of PR8 virus selected in the
presence of excess P8, P20 and P28 monoclonal antibodies, respectively.

^Reciprocal of dilution of monoclonal antibody (log2 ) which inhibits 
agglutination of human "0" erythrocytes by 3-4 agglutinating units of 
test virus.

^Range of HI titers of each monoclonal antibody with different variants 
selected in the presence of a single monoclonal antibody.
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( i i )  Monoclonal a n t lb o d ic a  s p e c i f i c  Ifl* 221 x i U l

The aonoclonal a n t ib o d ia a  to  131 v i ru s  HA used in  those s tu d ie s  v e re  

XT101, XT102, I I I 03, XT104, XT105, XT106, XT107, XT108. 1146, X188 and 

X202. T h e ir  a n t i v i r a l  HI t i t e r s  and sn b c la s se s  a re  l i s t e d  in  Table IV. 

All X31 aonoc lona l a n t ib o d ie s  have s i a i l a r  a n t i v i r a l  HI a c t i v i t y .  XT103, 

XT104, XT105, XT106 and XT107 belong to  su b c la ss  IgOj; IT 101, XT108, X146 

and X188 belong to  su b c la ss  I jO ja ;  and XT102 belongs to  subo lass  IgG2b*

S p e c i f i c i t i e s  of th e se  aonoc lona l a n t ib o d ie s  v e re  d e te r a in e d  

according to  HI r e s u l t s  of th e se  aonoc lona l a n t ib o d ie s  v i t h  a s e r i e s  of 

a n t ig e n io  v a r i a n t s .  As seen in  Table V, i t  vas  d i f f i c u l t  to  p r e c i s e ly  

c l a s s i f y  the  aonoclonal a n t ib o d ie s  to  X31 HA in to  d i f f e r e n t  groups v i t h  

r e s p e c t  to  the e p i to p e s  to  vh ich  they a re  d i r e c te d .  XT101 does not r e a c t  

v i t h  v a r i a n t s  s e le c te d  by XT104, nor does XT104 r e a c t  v i t h  v a r i a n t s  

s e le c te d  by XT101. In  a d d i t io n ,  th e se  tv o  aonoclonal a n t ib o d ie s  have the 

saae  p a t t e r n  of r e a c t i v i t y  v i t h  v a r i a n t s  s e le c te d  by the  o th e r  aonoclonal 

a n t ib o d ie s .  Thus XT101 and XT104 appear to  be d i r e c te d  to  i d e n t i c a l  or 

c lo s e ly  overlapp ing  d e t e r a in a n t s .  Hovever, c l a s s i t i c a t i o n  of the o th e r  

aonoclonal a n t ib o d ie s  i s  d i f f i c u l t  because of tv o  o b se rv a t io n s :  (a) 

a s y a a e t r y  o f  r e a c t i v i t y ;  (b) d i f f e r e n c e s  in  r e a c t i v i t y  v i t h  d i f f e r e n t  

v a r i a n t s  s e le c te d  by a s in g le  aonoc lona l an tibody. The f i r s t  of th e se  i s  

i l l u s t r a t e d  by XT 107 and X146. XT 107 does no t  r e a c t  v i t h  v a r i a n t s  

s e le c te d  by X146 bu t X146 has  the saae  or only s l i g h t l y  reduced 

r e a c t i v i t y  v i t h  v a r i a n t s  s e le c te d  by XT107. S i a i l a r  a s y a a e t r y  can be 

seen v i t h  XT 103, XT 101 and XT 104 in  t h a t  XT 103 shovs reduced 

r e a c t i v i t y  v i t h  v a r i a n t s  s e le c te d  by XT101 or XT104 bu t the  l a t t e r  tv o  

aonoclonal a n t ib o d ie s  do no t have reduced HI t i t e r s  a g a in s t  v a r i a n t s

s e le c te d  by XT103. The second o b se rv a t io n  i s  i l l u s t r a t e d  by aonoclonal
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TABLE IV

SUMMARY OF ANTI-VIRAL HEMAGGLUTINATION INHIBITION (HI) TITERS

AND SUBCLASSES OF MONOCLONAL ANTIBODIES AGAINST X3I VIRUS

Monoclonal HI clcers Subclasses
antibodies (log2  units)

XY101 8 M 1 Ig G2a

XY102 7 M 1 G2b
XY103 8 M 2 Ig Gj

XY104 9 M 3 Ig Gt

XY105 8 M 2 Ig G 1

XY106 10M4 Ig Gj

XY107 9 M 0 Ig Gl

XY108 4 M 1 Ig G2a

X146 6^9 !g G2a

X188 8 M 4 !8 G2a

X202 9 M 5 ND

ND " Not determined

*Two-fold dilutions of RDE treated ascites were used to inhibit the 
hemagglutination of human RBC by 16-32 hemagglutlnating units of 
X31 virus. The titers are expressed as the reciprocal (log2 > of 
the highest dilution that causes inhibition of hemagglutination.
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TABLE V

REACTIVITY OF MONOCLONAL ANTIBODIES TO X31 VARIANTS SELECTED IN THE PRESENCE OF
VARIOUS MONOCLONAL ANTIBODIES

^ f wild typej
Ratio of HI titers (I0 R 2  units) \ variants J

Virus Number of 
variants examined XY103 XY101 XY104 XY105 XY106 XY108 XY102 XY107 X146 X188 X202

*XY103 variants 3 8 0-1 0 0-1 0 0-3 0-5 0-1 0 0-5 0-1
*

XY101 variants 3 4-8 10M1 9 M 3 9 M 2 9 M 3 4 M 0-1 0 O M O M O M
*

XY104 variants 4 5 M 9 9 9 8 M 0 6 M 0-1 0 2 O M O M

XY105 variants* 4 4 M 3 M 0 0 M 3 7M 2 1^12 O M O M O M O M O M O M

XY106 variants* 4 4 M 1%9 3 M 0 2 W 8 M 0 1M 0 1 M O W 1 M O M 0 M 3

XY108 variants* 4 4 M 1M 0 3M1 3%9 6 M 0 8 M 0 O M O'W 1 W O M O M

XY102 variants* 2 O M 0 W O M O M 1 M O M 4 M O M O M O M O M

XY107 variants* 3 O M 0 O M 0 0 0 O M 9 M 0 O M O M 0

X146 variants* 4 O'W O'W 0 M 0 1 W 10M4 O M O M 8 M 0 7 M O M O M

X188 variants* 3 O M 0 0 0 O M O M O M 0 0 8 M 0 6 M

X202 variants* 3 O'W O'W 0 O M O M O M O M O M O M 0 M 3 9 M 0

*XY103, XY101, XY104, XY105, XY106, XY108, X202, X188 and X202 variants are selected in the presence
of XY103, XY104, XY105, XY106, XY108, X188 and X202 monoclonal antibodies, respectively.

*Ratio of HI titers measured by RDE treated monoclonal antibody versus wild type X31 virus and versus 
variants. For example, if the HI titer of a monoclonal antibody with X31 virus is 12(log2) and its 
titer with a variant is 4(log2> the ratio is expressed as 8. If the ratio is given as 0, the monoclonal 
antibody reacts with all variants at unchanged titer.



a n t ib o d ie s  X146 and XT10S. Monoclonal an tibody  X146 r e a c t s  w itb  sons bu t 

no t a l l  v a r i a n t s  s e le c te d  by XX105 a t  s i g n i f i c a n t l y  reduced t i t e r .  

A sy a ae try  of r e a c t i v i t y  w ith  v a r i a n t s  can be a t t r i b u t e d  e i t h e r  to  

d i f f e r e n c e s  in  the  a v id i ty  of d i f f e r e n t  aonoolonal a n t ib o d ie s  and /o r  to 

the p o s s i b i l i t y  th a t  soae  a n t a t i o n s  in  or near  one e p i to p e  nay through 

c o n fo ra a t io n a l  changes a f f e c t  the  b ind ing  o f  aonoc lona l a n t ib o d ie s  

d i r e c te d  to  ano ther  ep i to p e .  Ihe f in d in g  o f  d i f f e r e n c e s  in  r e a c t i v i t y  o f  

a aonoclonal an tibody  v i t h  d i f f e r e n t  v a r i a n t s  s e le c te d  by ano ther  

aonoclonal an tibody  could be due e i t h e r  to  the p o s s i b i l i t y  th a t  the  tv o  

aonoc lona l a n t ib o d ie s  recogn ize  overlapp ing  d e t e r a i n a n t s  or aga in  to  

c o n fo ra a t io n a l  changes a f f e c t in g  non-overlapp ing  ep i to p e s .

The f req u e n c ie s  of a n t ig e n ic  v a r i a n t s  d e te c te d  in  cloned X31 v i ru s  

seeds in  the p resence of a s in g le  aonoc lona l an tibody  and of tv o  coabined  

aonoc lona l a n t ib o d ie s  s p e c i f i c  fo r  X31 v e re  a l s o  d e t e r a in e d  to  ev a lu a te  

v h e th e r  these  aonoc lona l a n t ib o d ie s  are  a g a in a t  the  saae  a n t ig e n ic  a rea . 

F roa the  r e s u l t s  shovn in  Table VI, i t  can be seen t h a t  XT101, XT104, 

XY103, XI46, X188 and X202 a re  a g a in s t  over lapp ing  a n t ig e n ic  re g io n s ,  

vhereas  XT102 and XT107 a re  a g a in s t  d i s t i n c t  a n t ig e n ic  d e t e r a in a n t s .

Thus, vhen e i t h e r  XT102 or XY107 vas  coabined  v i t h  each o th e r  o r  v i t h  any 

o th e r  aonoclonal an tibody  no v a r i a n t s  v e re  d e te c te d  i n d i c a t i n g  t h a t  a o re  

than a s in g le  a u t a t i o n  vonld  be re q u ire d  f o r  a v a r i a n t  to  be r e s i s t a n t  to  

both  a n t ib o d ie s .  In  c o n t r a s t ,  c o a b in a t io n s  of any 2 of the  o th e r  

aonoc lona l a n t ib o d ie s  d id  no t  a f f e c t  the d e te c te d  frequency o f  v a r i a t i o n  

coapared  to  t h a t  observed vhen e i t h e r  aonoclonal an tibody  vas  eaployed  

a lone .
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TABLE VI

FREQUENCY OF ANTIGENIC VARIANTS DETECTED IN A CLONED 

INFLUENZA X31 VIRUS SEED IN THE PRESENCE OF A SINGLE? 

MONOCLONAL ANTIBODY OR COMBINED MONOCLONAL ANTIBODIES

Monoclonal antibody Detected frequency of antigenic variants(log1Q)̂

XY101 -6.7

XY102 -6.4

XY103 -5.8

XY104 -6.9

XY105 -6.1

XY106 -7.1

XY107 -6.7

XY108 -6.6

X146 -7.4

X188 -6.1

X202 -6.2

XY101 + XY104 -7.0

XY104 + XY105 -7.0

XY104 + XY146 -7.7

X188 + X202 -6.2

XY102 + A* <-7.7
**

XY107 + B <-7.7

XY101 + X202 -7.4

*A« monoclonal antibody XY101, XY104, XY105, XY106, XY107, X146, X188 or X202.

**B- monoclonal antibody XY101, XY102, XY104, XY105, X146, X188 or X202 
§ PFU/ml (variants)/PFU/ml (total)
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( i i i )  Monoclonal an t ibod  I t » IfiX U d l  liXBA

The HI t i t e r s  and anbclaaaaa of the nonoclonal a n t ib o d ie a  to  B/Lee 

HA a re  l i e t e d  in  Table VII. Again, theae nonoclonal an t ib o d ie a  have 

a i n i l a r  HI t i t e r a ,  and B109, B118, B123, B127 and B141 belong to  anbclaaa 

I f 6!* bn t B142 belonga to  anbclaaa  I s ^ a *

Theae nonoclonal a n t ib o d ie a  were d e te rn in e d  to  be d i r e c te d  a g a in a t  

the  aane or overlapp ing  e p i to p ea  in  p a r t  on the  baa ia  o f  HI r e a n l t a  ahown 

in  Table V III .  In a l l  caaea , nonoclonal a n t ib o d ie a  which were naed to  

a e l e c t  v a r i a n t s  e i t h e r  d id  n o t  r e a c t  w ith  thoae v a r ia n ta  or re a c te d  a t  

s i g n i f i c a n t l y  low er t i t e r  than  w ith  w ild  type v irn a .  In  a d d i t io n ,  aa

s n n n a r iz e d  in  Table V II I ,  nonoclonal a n t ib o d ie a  o th e r  than thoae naed to

a e l e c t  a p a r t i o n l a r  gronp of v a r ia n ta  d id  no t  r e a c t  or r e a c te d  a t  

a i g n i f i c a n t l y  lower t i t e r  w ith  a t  l e a s t  sons of the v a r i a n t s  in  th a t  

gronp than  w ith  w ild  type v irn a .  Por e z a n p le ,  a l l  of the  nonoclonal

a n t ib o d ie s  t e s t e d  r e a c te d  a t  low er t i t e r  w ith  a l l  s i z  v a r i a n t s  s e le c te d

in  the p resence  o f  B118 than  w ith  w ild  type v i rn a .  S i n i l a r  r e s u l t s  were 

ob ta ined  in  HI a ssays  w i th  a t  l e a s t  sone of the  v a r ia n ta  s e le c te d  w ith  

o th e r  in d iv id u a l  nonoclonal a n t ib o d ie s .  In  a d d i t io n ,  when these  v a r ia n t s  

were t e s t e d  in  n e n t r a l i z s t i o n  a ssay  w ith  the nonoclonal a n t ib o d ie s  l i s t e d  

in  Table VII, rednced r e a c t i v i t y  was observed in  a l l  in s ta n c e s .  F in a l ly ,  

the  frequency of a n t ig e n ic  v a r i a n t s  d e te c te d  in  cloned v i r u s  seeds in  the 

presence of a s in g le  nonoclonal an tibody  was e q u iv a le n t  to  th a t  observed 

when any two nonoclonal a n t ib o d ie s  were conbined (Table IX).

The lo c a l i z a t i o n  of a n t ig e n ic  d e t e r n in a n t  to  which nonoclonal 

an tibody  B147 i s  d i r e c te d  i s  n o re  e o n p l ic s te d  due to  the  fo llow ing  

o b se rv a t io n :  Although B147 re a c te d  a t  reduced t i t e r  w i th  a l l  b u t  a few

of the  v a r i a n t s  s e le c te d  in  the  presence of o th e r  nonoclonal an t ib o d iea ,
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TABLE VII

ANTI-VIRAL HEMAGGLUTINATION INHIBITION (HI) TITERS

AND SUBCLASSES OF MONOCLONAL ANTIBODIES AGAINST B/LEE VIRUS

*Monoclonal HI titers Subclasses
antibodies (log2  units)

B109 7 ig

B118 8 ig

B123 9 Ig

B127 8 Ig Gt

B141 8 Ig Gl

B142 7 ** G2a

B147 9 ND

*
Two-fold dilutions of RDE treated ascites were used to inhibit the
hemagglutination of human RBC by 16-32 hemagglutinating units of 
B/Lee virus. The titers are expressed as the reciprocal (log2 ) of 
the highest dilution that causes Inhibition of hemagglutination.

ND - Not determined.
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TABLE VIII

REACTIVITY OF MONOCLONAL ANTIBODIES TO B/LEE VIRUS HA WITH 

VARIANTS SELECTED WITH DIFFERENT MONOCLONAL ANTIBODIES

Viruses
Number of 
variants examined B109

Range of HI titers (log2  units) 
B127 B142 B141 B123

t

B118 B147

B/Lee - 7 8 7 8 9 8 9

B109 variants* 6 <1 <1 <1 4 ^ A 4^7 5^8 1^9

B127 variants* 6 <1 <1 <1 <I%5 5 <1%7 <1^6

B142 variants* 4 <1 <1 <1 <1%9 4%9 <1%7 2̂ -6

B141 variants* 6 <1 <1 <1 2^6 5^7 <1^8

B123 variants* 2 <1 ci'U <1 4^6 <1%3 4 < 1

B118 variants* 6 <1%6 4M> < 1 ^ 4%6 cl'U < 1
*

BI47 variants 2 6^7 5-̂ 6 6-W 7^8 5 ^ 5̂ -b < 1

*B109, B127, B142, BUI, BI23, BI18 and B147 variants were variants of B/Lee viruses selected
In the presence of excess B109, B127, B142, B141, B123, B118 and B147 monoclonal antibodies, 
respectively.

^Same as tableH, except that either B/Lee virus or variants were used.

ARange of HI titers of each monoclonal antibody with different variants selected in the 
presence of a single monoclonal antibody.



TABLE IX

FREQUENCY OF ANTIGENIC VARIANTS DETECTED IN A CLONED 

INFLUENZA B/LEE VIRUS SEED IN THE PRESENCE OF A SINGLE 

MONOCLONAL ANTIBODY OR COMBINED MONOCLONAL ANTIBODIES

Monoclonal antibody Detected frequency of antigenic variants (log1Q)*

B109 -6.0

B U R -7.7

B123 -7.0

B127 -5.8

B141 -7.1

B142 -6.1

B147 -6.0

B109 + B118 -6.8

B118 + B123 -7.1

B109 + B127 -6.1

B109 + B142 -6.1

B118 + B141 -7.1

BI27 + B142 -6.2

B141 + B142 -7.2

BL18 + B147 -7.2

PFU/ml(variants) / PFn/ml(total)
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o th e r  nonoclonal a n t ib o d ie s  r e a c te d  w ith  the  tv o  v a r i a n t s  s e le c te d  in  the 

p resence of B147 a t  r e l a t i v e l y  h igh t i t e r .  This a s s y a a e t r y  sugges ts  th a t  

B147 i s  e i t h e r  d i r e c te d  a t  a d e t e r a in a n t  which o v e r la p s  w ith  th a t  

recognized by the o th e r  aonoolonal a n t ib o d ie s  o r  th a t  n o ta t io n s  in  or 

near the a n t ig e n ic  a rea  recognized  by o th e r  nonoclonal a n t ib o d ie s  v ia  

c o n fo ra a t io n a l  changes a f f e c t  the  b ind ing  o f  nonoclonal an tibody  d i r e c te d  

to  e p i to p e  reoagnized  by B147. To d i f f e r e n t i a t e  between th e se  two 

p o s s i b i l i t i e s ,  f re q u e n c ie s  d e te c te d  in  the  presence of B147 and one of 

the o th e r  nonoclonal a n t ib o d ie s  were d e te rn in e d .  As shown in  Table IX, 

the  frequency of v a r i a n t s  d e te c te d  in  th e  presence of bo th  B118 and B142 

i s  e q u iv a le n t  to  these  d e te c te d  in  the p resence of a s in g le  nonoclonal 

an tibody . This o b se rv a t io n  supports  the  f i r s t  p o s s i b i l i t y  th a t  B147 is  

d i r e c te d  a t  a d e t e r n in a n t  which o verlaps  w ith  th a t  recognized  by o th e r  

nonoclonal a n t ib o d ie s .

B. FACTORS VHICH MAX INFLUENCE THE DETECTED FREQUENCY OF ANTIGENIC 

VARIANTS

I .  D e tec t io n  o f  frequency  o f  a n t ia e n ic  v a r i a n t s  n s in a  u n d i lu te d  

B PE -treated  a s c i t e s  U i i i .  i l  M U t e f a  W t M i

The nonoclonal a n t ib o d ie s  to  BLee, PR8 and X31 v i ru s  HA* were used

in  the s tudy. Conparisons o f  d e te c te d  f re q u e n c ie s  o f  a n t ig e n ic  v a r i a n t s ,  

b ind ing  c o n s ta n ts  o f  nonoclonal a n t ib o d ie s ,  c o n c e n tra t io n s  of nonoclonal 

a n t ib o d ie s  in  a s c i t e s  f l u i d s  and is o ty p e s  were c a r r i e d  ou t w ith : (a) 

d i f f e r e n t  nonoclonal a n t ib o d ie s  a g a in s t  the  sane or overlapp ing  a n t ig e n ic  

d e te rn in a n t ( s )  in  the  BLee v i r u s  s y s te n ,  (b) a s in g le  nonoclonal an tibody  

s p e c i f i c  fo r  BLee or X31 v i ru s  HAs and d i f f e r e n t  v a r i a n t s  o f  these

v i r u s e s ,  and (c) nonoclonal a n t ib o d ie s  reco g n iz in g  d i f f e r e n t  a n t ig e n ic

d e t e m in a n t s  on PR8 and X31 v iru s e s .
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( i )  Monoclonal a n t ib o d ie s  s p e c i f i c  fo r  BLee v i r u s

B109, BUS. B123, B141 and B142 were determ ined  to  be sionoclonal 

a n t ib o d ie s  a g a in s t  the same (or overlapp ing) a n t ig e n ic  d e t e r n in a n t ( s )  on 

HA of  BLee v i ru s  as  d iscu ssed  p re v io u s ly .  As seen in  Table X, the 

f req u en c ie s  of a n t ig e n ic  v a r i a n t s  d e te c te d  by th e se  monoclonal a n t ib o d ie s  

v a r ie d  from 10~3>5 to  <10"*»*. These d i f f e r e n c e s  were c o r r e l a t e d  w i th  

d i f f e r e n c e s  in  the b ind ing  c o n s ta n ts  of the  monoclonal a n t ib o d ie s  

examined. In  o th e r  words, th e re  was an in v e rse  r e l a t i o n s h ip  between 

an tibody  a v id i ty  and d e te c te d  frequency o f  a n t ig e n ic  v a r i a n t s .  N e ith e r  

iso to p e  o r  d i f f e r e n c e s  in  c o n c e n tra t io n  of monoclonal an tibody employed 

seemed to  a f f e c t  the d e te c te d  f req u e n c ie s  of a n t ig e n ic  v a r i a n t s  in  t h i s  

system.

This in v e rse  r e l a t i o n s h ip  between an tibody  a v i d i ty  and d e te c te d  

frequency of a n t ig e n ic  v a r i a n t s  was i l l u s t r a t e d  more c l e a r ly  when we used 

a s in g le  monoclonl an tibody  (B118) to  eompare the  a v id i ty ,  p re in o c u la t io n  

n e u t r a l i s a t i o n  t i t e r  and d e te c te d  frequency of a n t ig e n ic  v a r i a n t s  w ith  

r e s p e c t  to  B/Lee v i ru s  and two v a r i a n t s  o f  BLee v i r u s ,  B109mll (a v a r i a n t  

o f  BLee s e le c te d  in  the  presence o f  B109) and B/MD/59 (a n a tu r a l  v a r ia n t )  

(Table XI). In  t h i s  system , the  an tibody  c o n c e n tra t io n  and the  a n t ig e n ic  

s i t e  involved were the same s ince  only one monoclonal an tibody  was 

employed. A s i m i l a r  in v e rse  r e l a t i o n s h i p  betw een an tibody  a v id i ty  and 

d e te c te d  frequency of v a r i a n t s  was aga in  observed. Furtherm ore , t h i s  

in v e rse  r e l a t i o n s h ip  was a l s o  observed betw een d e te c te d  frequency of 

v a r i a n t s  and p re in o c u la t io n  n e u t r a l i z a t i o n  t i t e r a .  The l a t t e r  

o b se rv a t io n  can s im ply  be exp la ined  by the  f a c t  t h a t  when antibody 

c o n c e n tra t io n  was a co n s ta n t ,  d i f f e r e n c e s  in  an tibody  a v id i ty  were 

c l e a r ly  r e l a t e d  to  d i f f e r e n c e s  in  p r e in o c u la t io n  n e u t r a l i z a t i o n  t i t e r .
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TABLE X

RELATIONSHIP OF AVIDITY AND DETECTED FREQUENCY OF ANTIGENIC 

VARIANTS FOR MONOCLONAL ANTIBODIES AGAINST THE SAME 

ANTIGENIC AREA IN B/LEE/40 HEMAGGLUTININ

Monoclonal Concentration in Binding constant Detected frequency(logjg)
antibody ascites(mg/ml) (K) M“*) of antigenic variants*

B109 3.3 -2.0 X 10 -5.5 + 0.5

B127 12.7 -1.4 X 109 -5.6 + 0.5

B142 3.6 -1.8 X 109 -5.6 + 0.5

B141 9.5 -4.6 X 109 -6.9 + 0.3

B118 9.6 -6.8 X 109 <-8.1 + 0.4

*The frequencies were determined using 4 cloned virus seeds, and are 
given as mean + S.D. in 1°8jq units.
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TABLE XI

RELATIONSHIP OF DETECTED FREQUENCY OF ANTIGENIC VARIANTS,

PREINOCULATION NAUTRALIZATION TITER, AND BINDING CONSTANT(K) OF 

MONOCLONAL ANTIBODY B118 VERSUS B/LEE/40, B109mll and B/MD/59 VIRUSES

Detected frequency of 
Virus antigenic variants Preinoculation Binding

(log}Q) neutralization titer constant(K) (M_ )

B/Lee/40 4-8.1 + 0.4 370,000 -6.8 X 109

B109mll -6.0 + 0.5 24,000 -1.8 X 109

B/Md/59 -5.2 + 0.5 4,000 -1.0 X 109

*The data with B/Lee/40, B109mll, and B/Md/59 viruses were calculated from 
results of 4,2 and 5 cloned seeds, respectively.
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( i i )  Monoclonal a n t ib o d ie s  s p e c i f i c  f o r  PM v irn a

P8, P20, and P28 a re  nonoclonal a n t ib o d ie a  a g a in s t  d i f f e r e n t  

a n t ig e n ic  d e te rm in a n ts  on PK8 HAs as nen t io n ed  s e c t io n  (Ai). When these  

nonoclonal an t ib o d ie a  were s tu d ie d  w ith  r e s p e c t  to  f a c t o r s  t h a t  n ig h t  

in f lu e n c e  the d e te c te d  frequency of a n t ig e n ic  v a r i a n t s  (Table X II),  we 

d id  no t  observe a c l e a r  r e l a t i o n s h ip  between an tibody  a v id i ty  and 

d e te c te d  frequency of v a r i a n t s .  Again, the c o n c e n tra t io n  o f  nonoclonal 

an tibody  in a s c i t e s  f lu id s  and su b c la s se s  d id  n o t  have an e f f e c t  on 

d e te c te d  frequency of a n t ig e n io  v a r i a n t s .  Thas, i t  i s  ev iden t th a t  

f a c to r s  o th e r  than an tibody  a v id i ty ,  an tibody  c o n c e n tra t io n  and 

su b c la s se s  have an e f f e c t  on d e te c te d  f re q u e n c ie s  of a n t ig e n ic  v a r ia n ta .

( i i i )  Monoclonal a n t ib o d ie s  s p e c i f i c  f o r  X31 v irn a

To g a in  a d d i t io n a l  in fo rm a tio n  about th e  f a c t o r s  th a t  n ig h t  

in f lu en ce  th e  d e te c te d  frequency of a n t ig e n ic  v a r i a n ta  in  cloned v i ru s  

seeds, a panel o f  11 nonoclonal a n t ib o d ie a  to  X31 v i rn a  were inc luded  in  

a f u r t h e r  s tudy. X7101 and XT104 a re  a g a in s t  the  sane (or very  o lo a e ly  

loca ted )  d e te rn in a n t ( s )  on X31 HA (as n en t io n ed  in  s e c t io n  A ii) .  As 

shown in  Table X II I ,  the  d e te c te d  f re q u e n c ie s  of a n t ig e n ic  v a r i a n t s  in 

the p resence of th e se  2 nonoclonal a n t ib o d ie s  were s i m i l a r ,  as were t h e i r  

b ind ing  c o n s ta n ts .  But when the  r e s u l t s  o f  o th e r  9 nonoclonal a n t ib o d ie s  

were compared, the f a c to r s  t h a t  in f lu e n c e  the  d e te c te d  frequency of 

a n t ig e n ic  v a r i a n t s  were no t c l e a r .  I t  i s  t ru e  t h a t  X14d has the  h ig h e s t  

b ind ing  co n s tan t  and the  low es t d e te c te d  frequency of v a r i a n ta ,  b u t  i t  i s  

e v id en t  th a t  t h i s  c o r r e l a t i o n  does no t  hold up when o th e r  nonoclonal 

a n t ib o d ie s  a re  considered . For example, XT102 and XT10S have eq u iv a le n t  

b ind ing  c o n s ta n ts  bu t th e re  i s  more than a 500 fo ld  d i f f e re n c e  in  the  

f req u en c ie s  of a n t ig e n ic  v a r i a n t s  d e te c te d  w i th  th e se  two nonoclonal
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an t ib o d ie s .  I t  should be noted t h a t  the c o n c e n tra t io n  of an tibody in  

XT102 a s c i t e s  was aiore than 2 fo ld  g r e a t e r  than  th a t  in  XT105 a s c i t e s  bnt 

f r o a  the da ta  in  Table X III  i t  i s  e v id en t  t h a t  an tibody  c o n c e n tra t io n  

alone i s  no t the d e t e r a in in g  f a c t o r  as  evidenced by the  f a c t  th a t  

a lthough XT103 a s c i t e s  con ta ined  a p p r o z i a a te ly  8 fo ld  h ig h e r  an tibody 

c o n c e n tra t io n  than  XY108, the d e te c te d  f req u en c ie s  of a n t ig e n ic  v a r i a n t s  

w i th  theae tv o  aonoelonal a n t ib o d ie s  were a l a o s t  id e n t io a l .  The e f f e c t s  

of an tibody  c o n c e n tra t io n  w i l l  be d esc r ib e d  in  ao re  d e t a i l  in  ano ther  

s e c t io n .  Hence, f ro a  the  s tu d ie s  of X31 aonoelonal a n t ib o d ie s ,  i t  was 

c l e a r  th a t  f a c to r s  o th e r  than  anbc laaa ,  an tibody  c o n c e n tra t io n  and 

an tibody  a v id i ty  have an e f f e c t  on th e  d e te c te d  frequency of a n t ig e n ic  

v a r i a n t s .

In  o th e r  e z p e r ia e n t s ,  the  r e l a t i o n s h ip  of an tibody  a v id i ty  to  

p re in o c n la t io n  n e u t r a l i z a t i o n  t i t e r  and to  d e te c te d  frequency of 

a n t ig e n ic  v a r ia n ta  was e z s a in e d  us ing  a s in g le  aonoelonal an tibody , X146, 

in  a ssays  w ith  X31 v i r u s  and th re e  la b o ra to ry  v a r i a n t s  of X31 v i r u s  

s e le c te d  in  th e  presence of o th e r  aonoelonal a n t ib o d ie s ;  XX106a4, XT105a5 

and XT108a5. As seen in  Table XIV, the d e te c te d  f re q u e n c ie s  of v a r i a n t s  

w ith  XX10(a4, XXlOSaS were h ig h e r  than  w ith  X31. In  a d d i t io n ,  the 

p re in o o n la t io n  n e u t r a l i z a t i o n  t i t e r s  and b ind ing  c o n s ta n ts  of XI46 w ith  

these  v a r i a n t s  were low er. Thns, these  r e s u l t s  w ith  a s in g le  X31 v i ru s  

s p e c i f i c  aonoelonal an tibody  and d i f f e r e n t  v i r u s  v a r i a n t s  a re  s i a i l a r  to  

those observed in  the  B/Lee v i r u s  s y s te a  and d e a o n s t r a te  an in v e rse  

r e l a t i o n s h ip  between an tibody  a v id i ty  and d e te c te d  frequency of v a r i a n t s .
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TABLE XII

RELATIONSHIP OF BINDING CONSTANT AND FREQUENCY OF DETECTED 
ANTIGENIC VARIANTS FOR MONOCLONAL ANTIBODIES AGAINST

DIFFERENT DETERMINANTS OF PR8 VIRUS HEMAGGLUTININ

Monoclonal Concentration in Binding constant Detected frequency (logjg) 
antibody ascites(mg/ml) (K) (M_1) of antigenic variants*

P8 10.5 -1.0 X 109 -4.4 + 0.5

P28 10.1 -1.9 X 109 -6.2 + 0.6

P20 14.1 -4.4 X 109 -7.0 + 0 . 5

*The frequencies were results of 4 cloned virus seeds, and are expressed 
as means + S.D. in logjg units

62



TABLE XIII

RELATIONSHIP OF AVIDITY AND FREQUENCY OF DETECTED ANTIGENIC 

VARIANTS FOR MONOCLONAL ANTIBODIES AGAINST X31 HEMAGGLUTININ

Monoclonal
antibodies

Concentration in 
ascites (mg/ml)

Binding constant 
( K )  CM - 1 )

Detected frequency of 
antigenic variants(log^)

XI4 6 2.2 -5 3 X 109 <7.4 + 0.1

XY102 9.5 -1.6 X 109 <7.1 + 0.5

XY103 7.7 -2.7 X 109 -6.8 + 0.7

XY104 4.5 -1.3 X 109 -5.8 + 0.3

X188 5.3 -1.6 X 109 -5.6 + 0.8

XY101 2.9 -1.8 X 109 -5.4 + 1.0

XYI06 6.5 -1.8 + 109 -5.2 + 0.6

X202 6.9 -4.5 + 108 -5.2 + 0.7

XY107 3.6 -1.8 + 109 -4.6 + 0.8

XY108 0.58 -1.4 + 109 -4.6 + 0.4

XY105 4.8 -1.7 X 109 -4.4 + 0.4

The frequencies were determined using 3 cloned virus seeds, and 
are expressed as mean + S.D. in 1°8jq units.
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TABLE XIV

RELATIONSHIP OF DETECTED FREQUENCY OF ANTIGENIC VARIANTS,

PREINOCULATION NEUTRALIZATION TITER, AND BINDING CONSTANT(K) OF 

MONOCLONAL ANTIBODY X146 VERSUS X31 VIRUS AND LABORATORY VARIANTS

Virus Detect Frequency of Preinoculation Binding constant
antigenic variants(log^ neutralization titer (K) (M-*)*

X31P3 -7.4 22,000 -5.3 X 109

XY108m5§ -4.7 4,500 -3.1 X 109

XY105m5§ -3.4 2,300 -2.6 X 109

XY106m4§ -3.9 1,500 -2.2 X 109

The 4 binding constants reported here were detected at the same time.

§
XY108m5, XY105m5 and XY106m4 are variants selected in the presence of 
XY108, XY105 and XY106 monoclonal antibodies, respectively.
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I I .  R e la t io n sh ip  between c o n c e n t ra t io n  o f  monpclomal an tibody  and 

frequency flfJtffiitd Y l t i i n l l

To a s s e s s  the e f f e c t s  of an tibody c o n c e n t ra t io n  on the  frequency of 

d e te c te d  v a r i a n t s ,  s e r i a l  f o u r - f o ld  d i l u t i o n s  of RDB-treated a s c i t e s  

f l n i d s  c o n ta in in g  nonoclonal a n t ib o d ie s  were employed to  assay  the  nonber 

of d e te c te d  v a r i a n t s .  In  t h i s  s tudy , p laques  p icked a t  a l l  an tibody  

c o n c e n tra t io n s  were screened c a r e f u l ly  by b o th  HI and n e u t r a l i s a t i o n  t e s t  

w ith  homologous monoclonal a n t ib o d ie s  to  ensure  th a t  a l l  su rv iv in g  v i ru s  

p o p u la t io n s  were v a r i a n t s .  With the  monoclonal a n t ib o d ie s  we employed in  

these  s tu d ie s ,  two p a t t e r n s  were observed. With the  m a jo r i ty  of 

monoclonal a n t ib o d ie s ,  as th e  c o n c e n tra t io n  of an tibody  was reduced, the 

frequency of d e te c te d  v a r i a n t s  was r e l a t i v e l y  unchanged u n t i l  a 

c o n c e n tra t io n  was reached a t  which s i g n i f i c a n t  numbers of n n -n e u t ra l iz e d  

w ild  type v i r u s  su rv ived  (e.g. XT101, XY107,XY108, XT104, Table XV). 

However, fo r  c e r t a i n  monoclonal a n t ib o d ie s ,  such as XT106 and 

p a r t i c u l a r l y  XT102 (as  shown in  Table XV), the d e te c te d  frequency of 

v a r i a n t s  in c reased  as the  c o n c e n t ra t io n  of the  monoclonl an tibody 

decreased  w i th in  a c e r t a i n  range. Vhen the  an tibody  c o n c e n tra t io n  was 

reduced below th i s  range, the  frequency  of a n t ig e n ic  v a r i a n t s  could no t  

be de term ined , aga in  because of the  p resence of w ild  type v i r u s  in  the 

su rv iv in g  v i r u s  p o p u la t io n .

I I I .  P e te o ted  f req u en c ie s  o£ g a t i l t n l ?  Y i r l lH t f  i M 4 i I £ i I U t  H illX  

u n til
l a  a n o th e r  a t te m p t  to  e lu c id a t e  f a c to r s  t h a t  might c o n t r ib u te  to  the 

d i f f e r e n c e s  in  frequency  of d e te c te d  v a r i a n ta ,  d i f f e r e n t  a ssay  system s 

were s tu d ie d .  In  one assay system , monoclonal a n t ib o d ie s  were p re se n t  

bo th  b e fo re  and a f t e r  v i r u s  ad so rp t io n  (as the  method employed in  the
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TABLE XV

EFFECT OF ANTIBODY CONCENTRATION ON DETECTED FREQUENCY OF ANTIGENIC VARIANTS

Preinoculation neutralization
Monoclonal Dilution of Detected frequency /wild t e\  titer_______________
antibody ascites used of variants(logjQ)* i wiia type \ 

HI ratio^ V variant # variant wild type

XY102 1:10 <-7.1 ____** ____ 1:230,000
1:40 -5.1 10 - 13 <1:1,000
1:160 ND*

XY106 1:10 -5.3 5 ^ <1:100 1:450,000
1:40 -4.7 4%7 1:100
1:160 ND+

XY101 1:10
1:40
1:160

-5.4
-5.4
ND

>10
>10

<1:10
<1:10

1:160,000

XY107 1:10 4.4 >10 <1:100 1:100,000
1:40 4.1 >10 <1:100
1:160 4.0 >10 <1:100
1:640 -3.9 >10 <1:100
1:2560 ND

XY108 1:10 -5.1 >13 <1:100 1:100,000
1:40 -5.1 >13 <1:100
1:160 -5.2 >13 <1:100
1:640 ND

XY104 1:10 -5.5 >14 <1:10 1:256,000
1:40 -5.4 >14 1:10



Legend of Table XV;

*The frequencies of variants for the same monoclonal antibody at 
different antibody concentrations were detected in the same 
experiment.

®log2  of HI ratio measured by RDE treated monoclonal antibody 
versus X31 virus and versus the variants.

^Not detectable due to the presence of unneutralized wild 
type virus.

**Not detectable due to the lack of visible plaques in the 
presence of XY102 monoclonal antibody at ascites fluid 
dilution 1:10.
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ro u t in *  assay); whereas in  the  o th a r  assay  system, aonoelonal a n t ib o d ie s  

v a ra  removed a f t e r  the ad so rp t io n  per iod .  Thus, in  tba  f i r s t  ae thod  

an tibody  is  p re s e n t  bo th  b e fo re  in f e c t io n  and during  subsequent cy c les  of 

r e p l i c a t i o n ,  whereas w ith  the second ae th o d ,  an tibody  i s  p re s e n t  only a t  

the  t i a e  th a t  the f i r a t  cycle  i s  i n i t i a t d .  As can be seen in  Table XVI, 

two p a t t e r n s  eaergad  when th e se  two assays  of nnabers  of v a r i a n t s  v a ra  

eaployed . For example, the  f re q u e n c ie s  of d e te c te d  v a r i a n t s  w ith  X7101 

were i d e n t i c a l  when an tibody  was p re s e n t  dar in g  both  p r e - in o o n l s t io n  and 

p o s t - in o c u la t i o n  p e r io d s  and when antibody was p r e s e n t  only  dn ring  the  

p r e - in o c n la t io n  p e r iod .  Conversely w ith  XY103, the  frequency  of d e te c te d  

v a r i a n t s  was a o re  than  100 -fo ld  h ig h e r  when an tibody  was p re s e n t  only 

du ring  the p r e - in o c u la t io n  p e r io d  as coapared  to  the frequency d e te c te d  

when an tibody  was p reae n t  during  bo th  per ioda . This aa rh ed  d i f f e r e n c e s  

in  the frequency of v a r ia n t s  d e te c te d  in  the p resence of XY103 in  the  two 

assay  s y s t e a s  a  ay be r e l a t e d  to  d a ta  shown in  Table XVII. Vhereas the 

p r e - in o o u la t io n  n e n t r a l i z a t i o n  t i t e r s  of XI101 and XX103 a re  e q u iv a le n t ,  

XT103 haa a s ix  fo ld  h ig h e r  t i t e r  in  th e  p o s t - in o c u la t i o n  plaque 

r e d u c t io n  assay . Thus, i t  i s  p o s s ib le  th a t  in  the  case of XT103, some 

v a r i a n t s  which escaped n e u t r a l i z a t i o n  during  th e  p r e - in o c u la t io n  per iod  

were s u f f i c i e n t l y  in h ib i te d  du ring  subsequent a u l t i c y c l e  r e p l i c a t i o n  when 

an tibody  was con tin u o u s ly  p r e s e n t ,  t h a t  they were no t d e te c ta b le  as 

p laque v a r i a n t s .  In  c o n t r a s t ,  in  the  case of XX101, the p o s t - in o c u la t io n  

plaque reducing  a c t i v i t y  was no t capable  of in h i b i t i n g  r e p l i c a t i o n  

s u f f i c i e n t l y  to  p rev en t th e se  v a r i a n t s  frost producing v i s i b l e  p laques .

F roa the s tu d ie s  r e p o r te d  in  s e c t io n  B, i t  i s  e v id en t  th a t  the 

d e te c te d  f req u en c ie s  of a n t ig e n ic  v a r i a n t s  in  cloned v i r u s  p o p u la t io n  can
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TABLE XVI

DETECTED FREQUENCIES OF ANTIGENIC VARIANTS IN DIFFERENT 

ASSAY SYSTEMS USING MONOCLONAL ANTIBODIES XY101 and XY103

Monoclonal Frequency of detected variants(log^q )
antibody pre- only pre-+post-t

O
XY101 -4.7 -4.7

XY103 -5.2 -7.3

£
Antibody was present during the pre-inoculation period only

^Antibody was present during both pre-inoculation and post­
inoculation periods.
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TABLE XVII

PRE-INOCULATION NEUTRALIZATION TITERS AND POST-INOCULATION 

PLAQUE REDUCTION TITERS OF XY101 and XY103

Monoclonal Pre-inoculation Post-inoculation
antibodies_________ neutralization titer_______ plaque reduction titer

XY101 180,000 90,000

XY103 160,000 550,000
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be in f luenced  by an tibody  a v i d i ty ,  an tibody  c o n c e n tra t io n  and the assay 

system employed.

C. STUDIES OF THE BIOLOGICAL ACTIVITT OF MONOCLONAL ANTIBODIES IN MICE

Because monoclonal a n t ib o d ie s  XT101 and XT103 behaved d i f f e r e n t l y  in 

assays  of p o s t - in o c u la t io n  plaque in h i b i t i n g  a c t i v i t y  in t i s s u e  c u l tu r e ,  

ve  thought i t  would be i n t e r e s t i n g  to  de te rm ine  w hether the  two 

monoclonal a n t ib o d ie ?  have d i f f e r e n t  b io lo g ic a l  a c t i v i t i e s  in  mice 

cha l lenged  w ith  X31 v i r u s .  Two experim en ts  were designed  f o r  t h i s  

p u rp o se :

( i )  The two monoclonal a n t ib o d ie s  were in o c u la te d  in t o  se p a ra te  

groups of mice one day b e fo re  v i r u s  in f e c t io n  in  c o n c e n tra t io n s  (1:10 

d i l u t i o n  o f  a s c i t e s )  c a l c u la te d  to  produce e q u iv a le n t  serum HI t i t e r s .  

Groups of these  mice were ch a l len g ed  w ith  d i f f e r e n t  d i l u t i o n s  of 131 

v i r u s  by ae ro so l  to  de te rm ine  the  d i l u t i o n  of v i r u s  a t  which f i f t y  

p e rc e n t  of the  mice were in f e c te d ,  as de term ined  a f t e r  in o c u la t io n  of 

ground lung suspensions  in to  embryonated eggs 3 days a f t e r  cha l lenge .  As 

shown in  Table XVIII bo th  groups of p a s s iv e ly  immunized mice were 

r e l a t i v e l y  r e s i s t a n t  to  the  i n i t i a t i o n  of X31 v i ru s  i n f e c t io n  as compared 

to  unimmunized c o n t ro l s .  However, th e re  was no s i g n i f i c a n t  d i f f e r e n c e  in  

the  c o n c e n tra t io n  of v i ru s  needed to  in f e c t  the  two groups of p a s s iv e ly  

immunized mice.

( i i )  Monoclonal a n t ib o d ie s  were in o c u la te d  in to  mice four hours 

a f t e r  v i r u s  in f e c t io n  (the  d e t a i l s  of t h i s  procedure a re  d esc r ib e d  in  the 

M a te r ia ls  and Methods s e c t io n ) .  In  t h i s  in s ta n c e ,  monoclonal a n t ib o d ie s  

were p re s e n t  only a f t e r  v i r u s  in f e c t i o n  had been i n i t i a t e d ,  and th u s  i s  

e q u iv a le n t  to  the  p o s t - in o c u la t i o n  plaque re d u c t io n  assay  in  t i s s u e

c u l tu r e .  As can be seen in  Table XIX, XX101 and XT103 has s im i l a r
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TABLE XVIII

MID5q OF X31 VIRUS IN MICE PASSIVELY IMMUNIZED WITH DIFFERENT 

MONOCLONAL ANTIBODIES PRIOR TO CHALLENGE

Monoclonal antibody MID^q *

XYI01 io- 2-6

XY103 io"2'1

PBS io-3-9

Estimated dilution of X31 seed virus required for aerosol 
infection of 50% of mice. Results obtained after exposure 
of different groups (8/group) of mice to serial 5-fold 
dilutions of virus.



TABLE XIX

EFFECTS OF PASSIVE IMMUNIZATION OF MICE WITH MONOCLONAL 

ANTIBODIES ONE DAY AFTER INFECTION WITH X3I VIRUS

Exp. Monoclonal Virus titers in lung (EID5 Q,log^g) Lung lesions (%) 
antibody  dav 3 day 7 ______________ dav 7

I* XY10I 7.0 + 0.4f <3.3 + 1 . 5  20

XY103 7.4 + 0.5 <2.5 + 1.8 20

PBS 7.7 + 0.2 5.9 + 0.8 50

II** XY101 4.6 + 0.7 <2.8 + 0.1 37.5

XY103 4.1 + 0.5 <2.7 + 0 17.5

PBS 7.2 + 0.2 ND5 all dead

*
Mice were passively immunized with a 1:10 dilution of ascites fluid

**Mice were passively immunized with a 1:5 dilution of ascites fluid 

* Mean + S.D.; calculated from EID^q of 5 mice in each group 

® Not determined because all mice in this group were dead on day 7
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e f f e c t s  oa bo th  pulmonary t i t e r s  sad the  e z t e a t  of lnng l e s i o a s  7 days 

e f t e r  i a f e c t i o a .  l a  s a o th e r  experim ent s i a i l s r  to  the  one j a s t  

d e sc r ib e d ,  tbe  p a s s iv e  a d a i a i s t r a t i o a  of two fo ld  h ig h e r  c o a c e a t r a t io a s  

of XT101 or XT103 fo a r  hoars  a f t e r  i a f e c t i o a  was a s s o c ia te d  v i t h  

s i g a i f i c a a t l y  lo v e r  v i r u s  t i t e r s  i a  bo th  groaps compared to  c o a t r o l s  

th ree  days a f t e r  c h a l le a g e ,  b a t  th e re  were ao s i g a i f i c a a t  d i f f e r e a c e s  i a  

▼iras t i t e r s  i a  r e c i p i e a t s  o f  XT101 as compared to  r e c i p i e a t s  of XX103.

D. CROSS-REACTIVE IDIOTYPY AMONG MONOCLONAL ANTIBODIES TO INFLUENZA

VIRUS HEMAGGLUTININS

C ro s s - r e a c t iv e  id io ty p e  of moaocloaal a a t ib o d ie s  to  PR8 aad B/Lee 

h e m a g g la t ia ia s  was s ta d ie d  a s ia g  a a t i - i d i o ty p e  a a t i s e r a .

( i )  C ro s s - r e a c t iv e  id io ty p e  amoag moaocloaal a a t ib o d ie s  to  PR8 

v i r a s  h e m a g g la t ia ia  

The o r o s s - r e a c t iv e  id io ty p y  amoag moaocloaal a a t ib o d ie s  d i r e c te d  

a g a i a s t  PR8 v i r a s  HA o b ta iaed  bo th  from the  same f a s io a  aad f r o a  

d i f f e r e a t  f a s io a s  v e r e  s ta d ie d  a s ia g  e i t h e r  hoaologoas o r  syageaeic  a a t i -  

Id  se ra .  Vhea hoaologoas a a t i -P 2 8  a m tis e ro a  was ased to  d e te c t  shared 

id io ty p e s  amoag P8, P20 aad P28 ( th e se  th re e  moaocloaal a a t ib o d ie s  v e re  

f r o a  the  same f a s io a ) ,  e x te a s iv e  c r o s s - r e a c t i v i t y  v as  d e a o a s t r a te d  (Table 

XX) ia  bo th  HI aad c o a p e t i t i o a  RIA a ssay s ,  d e s p i t e  the  f a c t  th a t  these 

th re e  moaocloaal a a t ib o d ie s  had beea shova to  be d i r e c te d  to  d i f f e r e a t  

a a t i g e a i c  d e t e r a i a a n t s .  I a  c o n t r a s t ,  ao c r o s s - r e a c t i v i t y  v i t h  moaocloaal 

a a t ib o d ie s  to  B/Lee HA vas  observed. S im i la r ly ,  i a  a ssays  of d i r e c t  

b ind ing  o f  x* * I - la b e le d  P8, P28 and B109 (30,000 epa of 10^ cpa/pg) to  

p l a t e s  coa ted  v i t h  a n t i-P 2 8  an t ibody  (20 p g /a l ) ,  the  r e s a l t s  v h ic h  v e re  

o b ta iaed  v e re  1376, 9893 and 220 cp a ,  r e s p e c t iv e ly .
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TABLE XX

REACTIVITY OF MONOCLONAL ANTIBODIES TO PR8 VIRUS HA WITH 

A/J ANTI-P28 ANTISERUM ASSAYED BY HEMAGGLUTINATION 

INHIBITION AND RADIOIMMUNOASSAY

Monoclonal HI titers* Competition RIA (yg/ml) of
antibodies (log2 > purified antibodies giving
______________________________________________________ 50% inhibition)-___________

P8 6 <.01

P20 >12 <.01

P28 6 <.01

B109 0 >100

Dilution of purified monoclonal antibodies (original concentration 
-1 mg/ml) which inhibits the binding of A/J anti-P28 antibody to 
SRBC-P28.

^Concentration of purified monoclonal antibody which cause 50% 
reduction of binding of 125i-labeled P28 (50,000 cpm of '''lÔ  
cpm/yg) to 20 yg/ml anti-P28 coated wells.

75



Ia  f a r t h e r  study w ith  aonoe lona l a n t ib o d ie a  to  PR8 HA, we found th a t  

b ind ing  of an t i-P 2 8  to  aonoelonal a n t ib o d ie a  a g a in a t  PE8 HA « a i  in h ib i te d  

by p u r i f i e d  PR8 v i r a l  an t ig en  (Table XXI). Theae r e a u l t a  in d ic a te  th a t  

a n t i -P 2 8  recogn izes  d e te rn  in a n ts  on aonoelonal a n t ib o d ie s  e lo s e ly  

a s s o c ia te d  w ith  t h e i r  a n t ig en  b ind ing  s i t e a .

In  o th e r  s tu d ie s ,  hoaologoas o r  syngeneic a n t i - i d  a n t i s e r u a  a g a in s t  

aonoe lona l a n t ib o d ie s  ob ta ined  f r o a  d i f f e r e n t  fu s io n s  was used to  d e te c t  

shared id io ty p e s ,  (P8, P20 and P28 a re  f r o a  one fu s io n ;  PT102 and PT105 

a re  f ro a  ano ther  fu s io n ; PT202, PT207, PT210 and PT211 a re  f r o a  a t h i r d  

fus ion)  in  HA assay. I t  i s  ev id en t  f r o a  Table XXII th a t  the aonoe lona l 

a n t ib o d ie a  f r o a  d i f f e r e n t  fu s io n s  a l s o  share c r o s s - r e a c t iv e  id io ty p e s .

( i i )  C ro s s - re a c t iv e  id io ty p y  aaong aonoe lona l a n t ib o d ie s  to  B/Lee 

v i ru s  h e a a g g lu t in in  

The presence of in d iv id u a l  id io ty p e s  ( Id D  and c r o s s - r e a c t i v e  

id io ty p e s  (IdX) on B/Lee s p e c i f i c  aonoe lona l a n t ib o d ie s  was s tu d ie d  using  

syngeneic a n t i - i d  a n t i  se ra  ( i .e .  BALB/c an ti-B 118 , anti-B142 and a n t i -  

B147). (B118, B142 and B147 a re  f r o a  the aaae  fusion .)

The I d l  was s tu d ie d  in  th re e  s y s te a s  as  fo l lo w s  (Table XXIII): (a)

Anti-B142Id a n t ib o d ie s  v e rsu s  B142: In  t h i s  s y s t e a ,  we found th a t  only

B109 shared the  id io ty p ic  d e t e r a i n a n t s  of B142 d e te c te d  in  bo th  HI and 

o o a p e t i t i o n  BIA assays .  In  a d d i t io n ,  when d i r e c t  SKIA (data  no t  shown in  

th e  ta b le )  were done w ith  x* * I - la b e le d  B/Lee s p e c i f i c  aonoe lona l 

a n t ib o d ie a  (50,000 cpa of ~10^ cpa/pg) and an ti-B 142Id  an tibody  (3 

p g / a l ) ,  over 3,000 opa of i a f I-B142 and 1> (I-B109 were bound to  the 

p l a t e s  whereas l e s s  than  400 opa of o th e r  r a d io la b e le d  aonoe lona l 

a n t ib o d ie s  were bound, (b) Anti-B118Id a n t ib o d ie s  v e rsu s  B118: In  t h i s

s y s te a  we found th a t  B142 and B147 share soae id io ty p ic  d e t e r a in a n t s  of
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TABLE XXI

INHIBITION BY PR8 VIRUS OF BINDING OF MONOCLONAL ANTIBODIES 

AGAINST PR8 HA TO ANTI-P28Id ANTIBODY

I O C

I-labeled Ug/ml of purified PR8 virus
monoclonal antibodies giving 50% inhibition*

P8 .9

P20 .8

P28 .4

Concentration of purified PR8 virus which causes a 50% reduction 
of binding of 125i-iabeled monoclonal antibodies (50,000 cpm of 
1q 5 cpm/yg) to 40 Ug/ml anti-P28 Id antibody coated wells
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TABLE XXII

HA TITERS OF HOMOLOGOUS AND SYNGENEIC ANTI-ID 

ANTIBODIES IN THE PR8 VIRUS SYSTEM

Sheep erythrocytes coated with monoclonal antibodies
Anti-Id SRBC- SRBC- SRBC- SRBC-
sera PY202 PY207 PY210 PY211

BALB/c anti-P20 3* 1 0 4

BALB/c anti-P28 3 1 4 6

BALB/c anti-PY105 2 0 0 3

BALB/c anti-PY202 7 0 0 3

A/J anti-P8* 4 4 0 3

A/J anti-P20* 5 5 0 4

A/J anti-PY102* 2 0 2 0

A/J anti-PY105* 2 0 0 1

A/J anti-PY207* 3 6 0 3

All A/J anti-id sera were first diluted 1:10 in saline, then adsorbed 
with one-tenth volume of 3mg/ml MOPC167 (a BALB/c Ig)before use in 
the HA assay

*HA titers are expressed in log^ units
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TABLE XXIII

INDIVIDUAL IDIOTYPES (Idl) EXPRESSED ON DIFFERENT MONOCLONAL

ANTIBODIES TO B/LEE VIRUS HA DETECTED BY HEMAGGLUTINATION 

INHIBITION AND RIA ASSAYS

anti-B142 anti-B118 anti-B147
+ +  +

B142 B118 B147

Inhibitors HI* RIA+ HI HI

B109 8 5 ND ND

Bl 18 0 >100 8 0

B123 0 >100 ND ND

BI27 0 >100 ND ND

B141 0 100 ND ND

B142 7 1 2 0

B147 ND >100 3 3

P8 0 >100 0 0

ND ■ Not determined

^Dilution of purified monoclonal antibodies (original concentration - I mg/ml) 
which inhibites the binding of antl-Id antibodies to SRBC coupled with 
monoclonal antibodies against B/Lee HA.

^Concentration of purified monoclonal antibody which cause 50% reduction of 
binding of 125i_iabeled B142 (50,000 cpm of M 0 ^  cpm/yg) to 3 yg/ml anti-B!4 2 
coated wells.
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B118 as a ssessed  by HI a ssays , ( e )  Anti-B147Id a n t ib o d ie s  v e rsus  B147:

No other Monoclonal antibod ies  studied expressed the Id l of B147.

These r e s u l t s  suggest th a t  soae  Monoclonal a n t ib o d ie s  (e.g. B147) 

May b ea r  a t ru e  I d l  whereas soae  in d iv id u a l  id io to p e s  (e.g. id io ty p e s  

d e te c te d  by anti-B 142Id  a n t i s e r u a )  can be shared by only few Monoclonal 

a n t ib o d ie s .

To study the  c r o s s - r e a c t i v e  id io ty p e s  (IdX), a h e a a g g lu t in a t io n  

in h i b i t i o n  assay  th a t  allow ed the  in v e s t ig a t io n  of shared id io ty p e s  (IdX) 

and a i n i a i z e d  the  r o le  of I d l ' s  was used. This technique was used 

p re v io u s ly  in  s tu d ie s  of the IdX of a huaan IgM a y e lo a a  w ith  rh e u a a to id  

a c t i v i t y  in  which o r o s s - r e a c t iv e  id io ty p e s  was i n i t i a l l y  d iscovered  

(Xunkel, e t  a l . .  1973) and t h e r e a f t e r  in  the s tudy  of IdX of a u r in e  

a y e lo a a  p ro te in s  (L ieberaan ,  e t  a l . ,  1973).

The IdX’s of aonoc lona l a n t ib o d ie s  were s tu d ie d  by h e a a g g lu t in a t io n  

i n h i b i t i o n  in  th r e e  sy s te a a :

(a) I n h i b i t i o n  of b ind ing  o f  * * « I - la b e le d  an ti-B 118Id  and a n t i -  

B142Id a u t ib o d ie s  to  SBBC-B109: as  shown in  Table XXIV, both  s y s te n s  a l l  

aonoclonal a n t ib o d ie s  expressed  th e  IdX ( i .e .  i n h ib i te d  b ind ing).

(b) I n h ib i t i o n  of b ind ing  of r a d io la b e le d  an ti-B 147Id  a n t ib o d ie s  to  

SBBC-B109: In  t h i s  s y s te a  only  3 out of 6 aonoclonal a n t ib o d ie s  expressed  

th e  IdX.

These r e s u l t s  in d i c a te  th a t  soae  of the  aonoclonal a n t ib o d ie s  b e a r  a 

t ru e  I d l ,  soae exp ress  id io ty p e s  shared by few a e a b e r s  and soae b ea r  a 

t r u e  IdX.

The b ind ing  o f  syngeneic a n t i - i d  a n t ib o d ie s  to  aonoclonal a n t ib o d ie s  

to  B/Lee HA was in h ib i t e d  by p u r i f i e d  B/Lee v i r a l  a n t ig en  (Table XXV). 

These r e s u l t s  in d ic a te  t h a t  a n t i - i d  an tibody  recogn izes  a n t ig e n ic
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TABLE XXIV

CROSS-REACTIVE IDIOTYPES (IdX) EXPRESSED ON DIFFERENT MONOCLONAL ANTIBODIES 

TO B/LEE VIRUS HA DETECTED BY HEMAGGLUTINATION INHIBITION ASSAY

___________________ HI titers (log?)*_________________

Anti-Id antiserum + ligand

Inhibitor

anti-B118
+

SRBC-B109

anti-B142
+

SRBC-B109

anti-1
+

SRBC-1

B109 4 5 6

B118 5 3 0

B123 5 3 0

B127 4 3 0

B141 4 4 4

B142 4 5 6

P8 0 0 0

Dilution of purified monoclonal antibodies (original concentration ■ I mg/ml) 
which inhibits the binding of various anti-id antisera to SRBC coated with 
B109 monoclonal antibody.
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TABLE XXV

INHIBITION BY B/LEE VIRUS OF BINDING OF MONOCLONAL ANTIBODIES 

TO ANri-IDIOTYPE ANTIBODIES

125I-labeled yg/ral of purified B/Lee virus
monoclonal ancibodies giving 50% inhibition*

Anti-B118 Anti-B1A2

B109 ND .7

B118 .6 .9

B1A2 .9 1.0

ND ■ Not determined

^Concentration of purified B/Lee virus which causes a 50% reduction 
of binding of ^^I-labeled monoclonal antibodies (50,000 cpm of 
M O ^  cpm/yg) to 10 lig/ml anti-B118 or anti-BlA2 antibody coated 
wells
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d e te rm in an t*  on monoclonal a n t ib o d ie s  c lo s e ly  a s s o c ia te d  w ith  t h e i r  

a n t ig e n  b ind ing  s i t e s .

I t  should be noted  t h a t  in  the  B/Lee r i r a i  system among HA s p e c i f i c  

monoclonal a n t ib o d ie s  o b ta in ed  from hybridoma from a s in g le  fu s ion , 

sh a r in g  of c ro s s  r e a c t iv e  id io ty p e s  was more r e a d i ly  d e te c te d  than  when 

monoclonal a n t ib o d ie s  o b ta in ed  from a d i f f e r e n t  fu s io n  were employed in  

the  same system. Thus, B109, B118, B123, B141 and B142 a re  monoclonalo
a n t ib o d ie s  d e r iv e d  from one fu s io n ,  w h ile  BT103 and BT104 a re  monoclonal 

a n t ib o d ie s  ob ta ined  from ano ther  fus ion . (PT103 i s  monoclonal an tibody 

a g a in s t  PK8 v i r u s  HA.) I n a l l  th re e  system s, (anti-B123+»**I-B109; s n t i -  

B123+1* 'I -B 1 4 2 ; an ti-B 142+1* ‘I-B123), BT103 expressed  l e s s  c r o s s - r e a c t i v e  

id io ty p y  (IdX) than  B109, BUS. B123. B141 and B142. and BT104 expressed  

no d e te c ta b le  IdX (Table XXVI). The p o s s ib le  ex p la n a t io n  and 

s ig n i f i c a n c e  of t h i s  phenomenon w i l l  be sp e c u la te d  upon in  the  D iscussion  

s e c t io n .

E. IDIOTTPBS EXPRESSED DURING THE PRIMARY AND SECONDARY ANTI-VIRAL

RESPONSES OF MICE IMMUNIZED VITH B/Lee VIRUS

Vhen p r im ary  and secondary immune sera  from mice immunized w ith  

B/Lee v i r u s  were t e s t e d  fo r  t h e i r  a n t i - v i r a l  h e m a g g ln t in a t in g  i n h i b i t i n g  

a c t i v i t y ,  ty p i c a l  p r im ary  and seeondary responses  were observed (F igure 

2). During the p r im ary  immune response , a lag  p e r io d  o f  abont 5 days was 

fo llow ed  by in c re a s in g  a n t i - v i r s l  an tibody  t i t e r s  which reached a peak 10 

to  20 days a f t e r  im m unization and then  slow ly  d e c l in e d .  During the 

secondary  immune response , an tibody  t i t e r s  in c re a sed  a f t e r  a very  b r i e f  

lag  phase ( l e s s  than  3 days) and reached  a p la t e a u  by day 7 a f t e r  b o o s te r  

immunizstion.
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Hie m e  ia a u n e  sere  were used in  fo u r  HI assay  s y s t e a s  to  study 

id io ty p ic  ezp re es io n  d a r in g  p r i a e r y  end secondary ia a n n e  responses .  As 

i l l u s t r a t e d  in  F igu re  3 , the  aean  se ru a  t i t e r  of c ro s s - re s c t iw e  id io type  

d e te c te d  by unti-B118 and B123 was 2.3 + .5 befo re  i a a u n iz a t io n .  reached 

a peak of 4.2 + .9 on day S du ring  th e  p r i a a r y  ia au n e  response, and 

dropped g ra d u a l ly  th e r e a f t e r .  Follow ing  secondary i a a a n ix a t io n ,  th e re  

was an i n i t i a l  d e c l in e  in  the  t i t e r s  of t h i s  id io type  (p o ss ib ly  due to  

fo rm ation  of coap lexes  between id io ty p e  and w ira l  an t ig en ) .  T h e re a f te r ,  

t i t e r s  rose s lo w ly  and reached a peak o f  4.7 + .3 on day 20 a f t e r  

secondary ia a u n iz a t io n .

The t i t e r  of c ro s s - re a c t iw e  id io ty p e  d e te c te d  by anti-B118 and B142 

was 1.2 + .7 b e fo re  i a a u n iz a t io n .  During the  p r i a a r y  ia au n e  response , i t  

r e a c h e d  a p l a t e a u  on day 5 o f  3.0 + .6 ,  and b eg an  to  d e c l i n e  on day 20 

a f t e r  i a a u n iz a t io n .  During the  secondary ia a u n e  response , the sane 

id io ty p e ,  fo l low ing  an i n i t i a l  d e c l in e  ro se  r a p id ly  in  t i t e r ,  reach ing  a 

low er peak than  was seen in  the p r i a a r y  response and d ec l in ed  slow ly 

t h e r e a f t e r .

The HI t i t e r  of c ro s s - re s c t iw e  id io ty p e  d e te c te d  by anti-B142 and 

B109 was 1.8 + .8 b e fo re  i a a u n iz a t io n .  A fte r  p r i a a r y  i a a u n iz a t io n .  i t  

ro se  i a a e d i a t e l y  reached a peak o f  ~4.0 betw een day 5 and day 10 and then 

d ec l in ed .  In  c o n t r a s t  to  the o th e r  id io ty p e s ,  t h i s  id io ty p e  d id  not 

in c re a se  s i g n i f i c a n t l y  in t i t e r  during  th e  f i r s t  30 days of the  secondary 

ia a u n e  response.

The HI t i t e r  of c ro s s - re s c t iw e  id io ty p e  d e te c te d  by anti-B147 and 

B109 was 3.5 + .5 in  n o n - ia a u n iz e d  a n i a a l s .  A s l i g h t  decrease  d a r in g  the 

p r i a a r y  ia a u n e  response was observed. Howewer, the  t i t e r  of the sane
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Figure  2. A n t iv i r a l  h e a a g g lu t in a t in g  in h i b i t i n g  t i t e r *  dn ring  p rim ary  

and secondary responses  o f  n ic e  ia a o n iz e d  w ith  B/Lee v i rn s .  T i t e r s  a re  

expressed  as the geom etric  aeans  of the  r e c ip r o c a l  of the s e ru a  d i l u t i o n  

causing  i n h i b i t i o n  of 32-64 h e a a g g lu t in a t in g  u n i t s  o f  B/Lee v i r u s ,  and 

are  c a lc u la te d  f r o a  in d iv id u a l  t i t r a t i o n s  of s e ra  of a t  l e a s t  s ix  n ic e .
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F ignre  3. IdX expressed  during  p r i a a r y  and secondary raaponsaa of n ic e  

i a a n n iz a d  w ith  B/Lae v i r n s .  Sara v a ra  aa naad in  F ignra  2. Two-fold 

d i l u t i o n s  of aara  v a ra  naad to  i n h i b i t  the  b ind ing  of a n t i - i d  a n t i s a r a  to 

SBBC ooatad v i t h  aonoclonal a n t ib o d ie s .
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id io ty p e  inc reased  promptly a f t e r  aecondary i a a u n iz a t io n  and then 

d e c re a se d  g rad u a l ly .

To d e te rn in e  w hether or no t the  IdX expressed  e a r ly  in  the  secondary 

response was a t t r i b n t a b l e  to  an tibody  a o le e n le s  w ith  anti-HA s p e c i f i c i t y ,  

we pooled the  se ra  ob ta ined  3 and 7 days a f t e r  secondary s t i a n l a t i o n  and 

passed the pool through a B /Lee-sepharose a f f i n i t y  oo luan  to  s e p a ra te  the 

f r a c t io n s  which bound and d id  n o t  b ind  to  B/Lee w irns. The two f r a c t io n s  

then  were t e s t e d  in  a conven tional a n t i - v i r a l  HI assay  and fo r  IdX 

ex p ress io n  in  HI assay  using  the  anti-B147 and SBBC-B109 s y s te a .  All of 

the a n t i - v i r a l  a c t i v i t y  was recovered  in  the  f r a c t i o n  which bound to  

v i r u s ,  b a t  t h i s  f r a c t i o n  ooa ta ined  on ly  11% of the  HI a c t i v i t y  in  the 

anti-B147 SKBC-B109 s y s te a .  Conversely, the unbound f r a c t i o n  which 

laoked d e te o ta b le  a n t i - v i r a l  HI a c t i v i t y  was r e s p o n s ib le  fo r  89% of the 

IdX exp ress ion .  These r e s u l t s  sugges t t h a t  the  a a j o r i t y  of the  IdX 

d e te c te d  in  the  secondary response was due e i t h e r  to  a p a r a l l e l  s e t  of 

Ab} or to  Abj. In  i s  e f f o r t  to  d i s t i n g u i s h  between th e se  two 

p o s s i b i l i t i e s ,  we searched fo r  the  presence of Ab2  (which could have 

provided  the  s t i a u l u s  fo r  Abj sy n th e s is )  in  se ra  ob ta ined  20 and 30 days 

a f t e r  p r i a a r y  ia a u n iz a t io n .  Using d i r e o t  h e a a g g lu t in a t io n  assay  w ith  

SRBC coated w ith  B109, we were unable to  d e te c t  a n t i - I d  ( i .e .  Ab2  ̂

a n t ib o d ie s  in  the  l a t e  p e r io d  o f  the  p r i a a r y  ia au n e  response when IdX 

t i t e r s  were d e c l in in g .

F. ONTOGENY OF IMMUNE RESPONSE TO B/Lee VIRUS

BALB/c n ic e  a t  b i r t h  and 7 , 14, 21 and 28 days of age were ia a u n iz e d  

w ith  p u r i f i e d  B/Lee v i ru s  (10 pg p ro te in /a o u a e ) ,  and t h e i r  s e ru a  a n t i ­

v i r a l  responses  as  w e ll  as c r o s s - r e a c t i v e  id io ty p e  responses  were

d e te r a in e d  5 days a f t e r  i a a u n iz a t io n .  As can be seen in  Table XXVII,
8 7



TABLE XXVI

CROSS-REACTIVE IDIOTYPES (IdX) EXPRESSED ON MONOCLONAL ANTIBODIES 

SPECIFIC FOR B/LEE VIRUS HA DETECTED BY COMPETITION RIA

ConcentrationCyg/ml) required for 50% inhibition of 
binding of l^I-Id tP anti-id*______________________
anti-B123 anti-B123 anti-B142

125I-B109____________ 125I-B142____________ 125I-B123

B109 1 30 0.01

B118 0.7 30 0.4

B123 0.08 0.27 1.0

B141 9 ND 6.6

B142 7 0.23 0.3

BY 103 100 70 30

BY 104 100 100 100

PY105 100 ND ND

Affinity Durified BALB/c anti-Id(30yg/ml) was used to coat microtiter 
plates. i25i-monoclonal antibodies (50,000 cpm in 25 ul) were added 
followed by the addition of different concentrations of affinity 
purified cold monoclonal antibodies.

ND - Not detected

Monoclonal
antibody
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TABLE XXVII

ONTOGENY OF ANTI-VIRAL HI RESPONSES IN BALB/c MICE

Age of mice (days) Number of Anti-viral HI titer*
mice studied (log2 )

newborn 5 0

7 6 2.7 + 0.5

1A 5 A.0 + 0.7

21 5 3.2 + 0.8

28 5 A.2 + 0.9

adult pre-immune sera A 0

Two-fold dilutions of RDE-treated sera were used to inhibit the 
hemagglutination of type "0" human erythrocytes by 16V32 
hemagglutinating units of B/Lee virus. The titer is presented 
as the reciprocal (log2 ) of the highest dilution of RDE-treated 
sera that causes inhibition of hemagglutination + S.D.
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a n t i - v i r a l  HI an tibody  to  B/Loa v i r u s  was no t d a ta e ta b la  in  newborn n ioa  

inn o n ized  w ith  B/Lee v i r n s ,  bn t were found in  approx im ate ly  the  sane 

t i t e r s  in  a l l  o th e r  age groups a tnd ied .

The sane s e ra  was nsed to  n ea sn re  ex p re ss io n  of IdX us ing  a f f i n i t y  

p n r i f i e d  syngeneic a n t i —B123 and r a d io la b e le d  B142 by c o m p e ti t io n  UA. 

U ndilu ted  se ra  and 1:3, 1:10, 1:30 and 1:100 d i l n t i o n a  o f  in d iv id u a l  se ra  

(except fo r  novborn n ic e )  from s e n s i t i s e d  n ic e  o f  d i f f e r e n t  ages was used 

as in h i b i t o r s .  I n h ib i t i o n  of b ind ing  was no t  d e te e te d  a t  a l l  w ith  

d i l u t e d  se ra  (da ta  no t shown), b u t  as seen in  Table XXVIII. n ic e  7 days 

o f  age or o ld e r  expressed  very  low le v e l s  of t h i s  c r o s s - r e a c t i v e  id io ty p e  

fo llo w in g  im m unisation. S im i la r l y ,  when the  sane s e ra  was employed in  HI 

assay  using  SRBC ooated  w ith  B142 and A/J an ti-B 123 , e x t r e n s l y  low le v e l s  

of c r o s s - r e a c t i v e  id io ty p e  was d e te c te d  in  n ic e  of one week of age or 

o l d e r  (T ab le  XXVIII).

These r e s n l t s  suggested  two th in g s :  F i r s t ,  the  id io ty p e  we 

in v e s t ig a te d  ia  a t  l e a s t  a very  minor component of th e  B/Lee v i r u s  

re sp o n se ;  second, in  the  development of re sp o n s iv en ess  to  B/Lee v i r u s ,  

t h i s  p a r t i c u l a r  id io ty p e  i s  ex p rssse d  very  e a r ly  and n a tu re s  a t  

approx im ate ly  th e  sane t i n e  as the  an t i-B /L ee  HA response.

0 . GENETIC CONTROL OF ANTI-HEMAGGLUTININ RESPONSE AND CROSS-REACTIVE 

IDIOTTPE RESPONSE TO B/Lee VIRUS

( i )  A n t i -h e n a g g lu t in in  response

Various s t r a i n s  of n ic e  were immunised w ith  B/Lee v i ru s  (10 pg 

p ro ts in /m o u se ) ,  and serum a n t i - v i r a l  HI t i t e r s  du r in g  p r im ary  and 

secondary responses  were de term ined . None of the  normal mouse se ra  had 

d e te c ta b le  amount of a n t i - v i r a l  HI a c t i v i t y .  A ll mice s tu d ie d  inc lud ing
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TABLE XXVIII

ONTOGENY OF CROSS-REACTIVE IDIOTYPE RESPONSES IN BALB/c MICE

Age of Number of Cross-reactive idiotype response detected by
mice (days) mice studied Competition RIA* HI of A/J aB123+SRBC-B142•

newborn 5 8.7§ 1

7 6 19.3 + 10.2 1

14 5 18.3 + 6.5 2

21 5 21.6 + 5.2 2

28 5 27.3 + 5.2 2

adult preimmune sera 4 7.2 + 7.7 1

Data represent X inhibition + S.D. BALB/c anti-B123 antibody (30yg/ml) 
were used to coat the wells.- 125i-radiolabeled B142 (50,000 cpm) were 
added to each well.

^Pooled sera were employed to detect HI titers of A/J aB123 and SRBC-B142.

^Result of pooled sera from 5 neonatal mice
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H-2d ( i . , .  BALB/c, C.B20, BAB.14, and DBA/2J), H-2b ( i . # .  BALB.B and 

C57BL/6). H-2* ( i . a .  AXR/J, C E/J. C3H/J and CBA/J), H-2« ( i . e .  DBA/1J and 

SWR/J), H-2« ( i . e .  A /J ) ,  H -2j ( i . e .  R I l I S / J )  and H-2® ( i . e .  P L /J )  

hap lo typaa  had d e te c ta b le  a n t i - v i r a l  HI an tibody  a t  a l l  t i a e  in t e r v a l s  

s tu d ie d  a f t e r  b o th  p r i a a r y  and secondary ia a n n ix a t io n ,  and the  responses  

to  secondary i a a n n ix a t io n  were g e n e ra l ly  h ig h e r  than those  fo llo w in g  

p r i a a r y  i a a n n ix a t io n  (Table XXIX). F n r th e ra o re ,  the  two congenic 

s t r a i n s ,  BALB/c (H-2d) and BALB.B (H-2b) aade  e q n iv a le n t  a n t i - v i r a l  HI 

responses .  Urns, we conclude t h a t  a l l  s t r a i n s  of n ic e  s tud ied  a re  

capable of responding  fo llo w in g  i a a n n ix a t io n  w ith  B/Lee v i r u s ,  and th a t  

th e  ex p ress io n  of an ti-B /L ee  an tibody  i s  no t  c o n t ro l le d  by MHC genes.

( i i )  C ro s s - r e a c t iv e  id io ty p ic  response

The saae  se ra  f r o a  these  IS s t r a i n s  of n ic e  were eaployed to  

in v e s t ig a t e  the g en e t io  o o n tro l  of the c r o s s - r e a c t i v e  id io ty p e  response 

to  B/Lee v i r u s  i a a n n ix a t io n  us ing  the  saae  he te ro logoua  in t e r a c t i o n  of 

an ti-B 123Id  and a a f I - l a b e l e d  B142 as was used in  the  ontogeny study. 

Again, low le v e l s  of i n h i b i t i o n  were o b ta in ed  only  w ith  the u n d i lu te d  

ia a u n e  se ra  and no i n h i b i t i o n  was observed in  3 - fo ld  d i l u t e d  s e ra  (data  

n o t  shown). Again, these  r e s u l t s  in d ic a te d  th a t  t h i s  p a r t i c u l a r  IdX 

s y s t e a  r e p re s e n t s  a a i n o r  coaponent of the  an ti-B /L ee  response.

In d iv id u a l  n o r a a l  aouse s e ra  f r o a  a l l  s t r a i n s  were inc luded  as c o n t ro l s .  

As can be seen in  Table XXX, a o s t  of the  p r e - ia a u n e  se ra  d id  n o t  cause 

s i g n i f i c a n t  le v e l  of i n h i b i t i o n  of b ind ing  of a a , I-B142 to  an ti-B 123Id . 

However, in  s p i t e  of the  la rg e  v a r i a t i o n  aaong in d iv id u a l  s e ra ,  a t  

d i f f e r e n t  t i n e  p e r io d s  and aaong s t r a i n s ,  the  ia a u n e  se ra  f ro a  a l l  

s t r a i n s  in c lu d in g  v a r io u s  MHC hap lo ty p es  and Igh-C a l lo ty p e s  con ta ined  

d e te c ta b le  l e v e l s  of t h i s  c r o s s - r e a c t i v e  id io ty p e  a f t e r  p r i a a r y
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TABLE XXIX

ANTI-VIRAL RESPONSE OF DIFFERENT STRAINS OF MICE FOLLOWING IMMUNIZATION WITH B/LEE VIRUS

Strain MHC
type

Igh-C
type

Number of 
mice studied

day

BALB/c d a 4 0
C.B20 d b

VH CH
3 0

BAB.14 d a b 7 0
DBA/2J d c 3 0

BALB.B b a 3 0
C57BL/6 b b 5 0

AKR/J k d 4 0
CE/J k f 3 0
C3H/J k j 5 0
CBA/J k j 5 0

DBA/1J q c 3 0

SWR/J q c 4 0

A/J a e 5 0

RIIIS/J r g 4 0

PL/J u j 4 0

*
Mean of HI titers + S.D.

Anti-viral HI titer (logj) of sera 
Primary response Secondary Response

day 10 day 20 day 7 day 20

3.0+0 2.2+0.4 5.6+0.5 5.0+ 0
2.3+1.2 2.5+0.7 4.7+1.5 4.0+1.0

3.2+0.4 2.7+0.5 4.3+1.9 4.5+1.0
3.6+0.9 3.2+0.8 5.0+1.0 5.3+0.7

3.0+1.2 2.3+1.3 4.8+0.4 3.8+0.7
ND 4.2+0.4 5.0+1.0 5.0+ 0

3.5+0.6 3.2+0.4 4.8+0.5 4.3+0.5
4.8+0.5 5.5+0.6 5.3+0.5 6.040.8
4.4+0.5 5.0+0.7 5.0+ 0 4.2+0.6
4.3+0.5 4.8+0.4 5.8+0.8 5.6+0.9

3.0+0 3.4+0.5 5.4+0.9 4.6+0.7

5.7+0.6 4.340.5 5.0+0 5.040

4.5+0.6 4.440.9 6.4+0.5 6.2+0.4

4.5+0.6 4.4+0.9 6.440.5 5.5+0.4

3.3+1.0 2.7+0.6 4.3+1.0 4.7+0.5



TABLE XXX

CROSS-REACTIVE IDIOTYPE RESPONSE OF DIFFERENT STRAINS OF MICE DETECTED BY COMPETITION RIA

Strain

Percent inhibition of binding of *^I-B142*

MHC Igh-C day 0
primary response 

day 10 day 20
secondary response

BALB/c d a 7.2 + 7.7 19.3 + 7.5 12.1 + 5.0 12.3 + 3.3 16.1 + 9.0
VH CH

BAB.14 d a b 14.0 + 10.0 28.3 + 5.1 20.6 + 5.1 26.8 + 6.2 16.3 + 11.2

DBA/2J d c 4.0 + 0.9 2.5 + 0 21.0 + 8.8 23.9 + 9.7 14.2 + 6.2

BALB.B b a 6.4 + 8.5 12.5 + 12.2 14.5 + 3.3 19.2 + 8.2 27.7 + 3.6

C57BL/6 b b 11.0 + 4.0
J

ND' 14.4 + 5.2 8.7 + 5.6 20.3 + 6.3

AKR/J k d -1.2 + 11.8 24.2 + 9.3 18.2 + 7.7 29.0 + 5.1 24.4 + 6.7

CBA/J k j -1.9 + 8.5 -0.1 + 6.1 30.1 + 7.7 12.2 + 2.5 22.1 + 3.8

DBA/1J q c 7.8 + 11.5 19.0 + 3.8 8.7 + 0.3 17.8 + 0.5 23.4 + 1.5

SWR/J q c 7.9 + 8.0 2.7 + 9.3 22.3 + 3.9 16.9 + 8.5 ND+

A/J a e 7.8 + 3.0 27.8 + 2.8 10.5 + 6.7 15.4 + 8.2 24.1 + 9.1

RIIIS/J r g 11.9 + 2.8 15.6 + 4.9 16.3 + 5.9 20.4 + 12.6 24.4 + 5.6

PL/J u i -6.9 + 5.8 13.6 + 14.7 17.6 + 7.8 16.6 + 2.2 24.2 + 5.0



Legend of Table XXX:

Percent inhibition + SD. Affinity chromatography purified BALB/c anti-B123 (30pg/ml) 
was used to coat the wells. After FCS was applied to each well to block empty sites, 
25 111 of undiluted sera and 25 yl of 50,000 cpm 125i-b 142 were added to each well.

*Not determined.



i a a n n ix a t io n  and /o r  a f t e r  secondary ia a n n ix a t io n .  To f a r th e r  c o n f i r a  

th a t  the expreaa ion  of IdX in  a i c e  ia a n n x ie d  w ith  B/Lee v i ru s  ia  not 

a f f e c te d  by NEC or  Igh-C gene t ,  IdX in pooled ea r  a of s e v e ra l  ( t r a i n *  of 

a i c e  were a tnd ied  ia  HI aaaays. As can be seen in  Table XXXI a l l  s t r a i n s  

of a i c e  s tn d ie d  expressed  the  c r o s s - r e a c t i v e  id io ty p e s  d e te c te d  in  the 

A/J anti-B123+SRBC-B142 s y s te a  and BALB/c anti-B142+SRBC-B118 s y s te a  

a f t e r  p r i a a r y  o r  secondary i a a n a i x a t i o a  o r  bo th .

Froa the  above s tu d ie s ,  we eonelnde t h a t  expreaa ion  o f  these  IdXs in  

a i c e  ia a n n ix e d  w ith  B/Lee v i r n s  a re  n o t  re g n la te d  by MHC genes o r  l inked  

to  Igh-C genes.

H. THE EXPRESSION OF B/Lee IDIOTTPE IN MICE IMMUNIZED WITH NATURAL

VARIANTS OF B/Lee VIRUS

One of the  unique f e a tu r e s  o f  in f lu e a x s  v i r u s e s  i s  th a t  su rface  

p r o te in s ,  h e a a g g lu t in in  and n e n ra a in id a s e ,  undergo a n t ig e n ic  v a r i a t i o n  

f r e q u e n t ly  in  n a tu re .  E p id ea ic  and pan d ea ic  in f lu en x a  r e s u l t s  f r o a  

a n t ig e n io  d r i f t  and a n t ig e n ic  s h i f t ,  r e s p e c t iv e ly ,  sad  f r o a  the 

subsequent in e f f e c t i v e n e s s  of p r e - e x i s t i n g  a n t ib o d ie s  to  o ld e r  s t r a i n s .  

Aaong in f lu e n x a  B v i r u s e s ,  only  a n t ig e n io  d r i f t  has been d e n o n s tra te d  

(see the  In t ro d u c t io n  s e c t io n ) .  In  o th e r  words, the  h e a a g g lu t in in s  of 

a l l  B type v i r u s e s  a re  s e r o lo g i c a l l y  c r o a s - r e a c t iv e  to  vary ing  degrees.

In  t h i s  p a r t  of the s tudy , we were i n t e r e s t e d  in  d e t e r a in in g  whether 

BALB/e a i c e  ia a u n ix e d  w ith  n a t u r a l  v a r i a n t s  of in f luenxa  B v i r u s  would 

express  the  IdX o f an t i-B /L ee  HA aonoc lona l an t ib o d ie s .  The v i ru s e s  

s e le c te d  in  t h i s  study covered a b r o a d - t i a e  s p e c tru a  of i s o l a t e s  ( f r o a  

19S4 to  1972). Sera ob ta ined  a f t e r  p r i a i n g  and secondary i a a n n ix a t io n  of 

a i c e  w i th  d i f f e r e n t  v a r i a n t s  (10 pg v i r a l  p ro te in )  were t e s t e d  w i th  

re s p e c t  to  a n t i - v i r a l  HI an tibody  t i t e r s  a g a in s t  the  ia a u n ix in g  v i r u s  and
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TABLE XXXI

CROSS-REACTIVE IDIOTYPE RESPONSE OF DIFFERENT STRAINS OF MICE DETECTED BY HI ASSAYS

Primary response Secondary response
day 0 day 10 day 20 day 7 day 20

Strain A B+ A B A B A B A B

BALB/c 1 0 ND§ ND 2 3 2 4 2 4

BAB.14 0 0 0 0 2 0 2 0 2 0

BALB.B ND ND 0 3 2 2 3 3 3 3

AKR/J 0 0 ND ND 4 1 3 4 ND ND

CBA/J 0 0 0 4 2 3 ND ND ND ND

SWR/J 0 0 ND ND ND ND 2 3 0 0

A/J ND ND 0 3 3 3 2 3 2 3

RIIIS/J ND ND ND ND 3 4 2 4 ND ND

PL/J ND ND 0 0 4 4 ND ND ND ND

log2  of serum dilution which inhibited agglutination of SRBC-B142 by A/J anti-B123Id

^log2  of serum dilution which inhibited agglutination of SRBC-B118 by BALB/canti-B142

§not determined because of insufficient serum



• g a in s t  B/L«» v i r u s .  As osn bs sssn  in  T sb ls  XXXII. d a r in g  tbs  p r i a a r y  

response , only  s e ra  from a ic e  ia a n n z ie d  and B/Md/39 v i r u s  showed c ro s s -  

r e a c t i v i t y  w ith  B /L ee/40 in  HI assay . However, d a r in g  the secondary 

response sera  f ro a  a i c e  ia a n n iz e d  w ith  a l l  fonr v a r i a n t s  showed 

d e te c ta b le  c r o s s - r e a c t i v i t y  w i th  B/Lee/HA, and the  e z t e n t  of c r o s s -  

r e a c t i v i t y  could be arranged accord ing  to  the  fo llo w in g  o rd e r :  

B/Md/59>B/HK/8/72>B/Vict/702B/GL/54.

The saae  se ra  were then  eza a in ed  by c o a p e t i t i o n  KIA fo r  the  presence 

of the c r o s s - r e a c t i v e  id io ty p e  fo  B/Lee aonoc lona l a n t ib o d ie s  in  the 

anti-B123 and 1S(I - l a b e le d  B142 s y s te a .  Aa shown in  Table XXXI11, no 

c r o s s - r e a c t iv e  id io ty p e  conld be d e te c te d  in  p r e ia a u n e  s e ra ,  b u t  the 

c r o s s - r e a c t i v e  id io ty p e  was d e te c te d  a t  low le v e l s  in  bo th  the p r i a a r y  

and secondary se ra  of a l l  a i c e .  I t  i s  w orth  a e n t io n in g  th a t  aaong se ra  

ob ta ined  10 days a f t e r  p r i a a r y  i a a u n i z a t i o n ,  s e ra  f r o a  a i c e  ia a n n iz e d  

w ith  B/Md/39 gave the  h ig h e s t  a n t i-B /L ee  HI t i t e r s  (Table XXXII and the 

saae  sera  aeeaed to  o o n ta in  r e l a t i v e l y  a o re  of the  c ro a a - r e a c t iv e  

id io ty p e  d e te c te d  by an ti-B 123Id  and l **I-B142. F u r th e ra o re ,  the 

r e l a t i v e  aaonnt of t h i s  c r o s a - r e a c t iv e  id io ty p e  in  day 7 se ra  of the 

secondary response conld be arranged  in  the  fo llow ing  o rder :  

B/Md/39>B/HK/8/72>B/Vict/70 and B/GL/34. This  rank ing  i s  a i n i l a r  to  the 

t i t e r s  of HI an tibody  a g a in s t  B/Lee v i r n s  in  secondary se ra .

I .  THE DETECTION OF CROSS-REACTIVE IDIOTYPE IN VARIOUS ANIMAL SPECIES

The ex p re ss io n  of IdX of B/Lee aonoc lona l a n t ib o d ie s  in  p r i a a r y  and 

secondary ia a u n e  se ra  of v a r io u s  a n i a a l  s p e c ie s ,  in c lu d in g  ch icken , r a t ,  

r a b b i t  and guinea p ig ,  ia a n n iz e d  w ith  B/Lee v i r u s  was s tu d ied  by 

c o a p e t i t i o n  RIA. In  a d d i t io n ,  the  ex p re ss io n  of the saae  IdX in  huaan
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TABLE XXXII

ANTIVIRAL HEMAGGLUTINATING INHIBITING ANTIBODY TITERS IN MICE

IMMUNIZED WITH DIFFERENT NATURAL VARIANTS OF INFLUENZA B VIRUS

Virus used in 
immunization

HI titer(log2) 
immunizing

against
virus

HI titer(log2) against 
B/Lee/AO virus

day 0 primary 
day 10

secondary 
day 7

day 0 primary 
day 10

secondary 
day 7

B/GL5A 0 3.A + 1.7* 5.A + 2.1 0 0 0.8 + 1.1

B/Md/59 0 3.A + 0.2 5.8 + 1.1 0 1.0 + 0 2.8 + 0.8

B/Vict/70 0 2.0 + 0.7 3.A + 0.3 0 0.2 + 0.A 1.2 + 0.7

B/HK/8/72 0 3.0 + 0.7 6.2 + 0.8 0 0 1.8 + 0. A

Value represents mean + S.D. for 5 mice
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TABLE XXX III

EXPRESSION OF CROSS-REACTIVE IDIOTYPE IN SERA OF MICE IMMUNIZED 

WITH DIFFERENT NATURAL VARIANTS OF INFLUENZA B VIRUS

Virus used in Idiotype response measured by inhibition of RIA*
immunization day 0 primary day 10 secondary day 7

B/GL/54 2.3 + 5.0 14.2 + 4.7 21.4 + 6.1

B/Md/59 9.7 + 12.5 26.4 + 7.2 40.1 + 8.9

B/Vict/70 -3.8 + 10.0 23.1 + 10.2 20.6 + 6.9

B/HK/8/72 -7.0 + 9 . 5  1 5 . 1 + 7 . 8  3 0 . 7 + 6 . 4

Values represent percent inhibition + S.D. for 5 mice in each group 
BALB/c anti-B123 (30pg/ml) was used to coat the wells. Radiolabeled 
B142 (25X of 50,000 cpm) was added to each well along with 25A unidluted 
sera.
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cord blood s e ru a  end boa an a d u l t  sara  was a lso  s tu d ie d .  Unexpectedly, 

ex ten s iv e  n o n -a p so if ic  i n h i b i t i o n  was observed w ith  p r e - ia a n n e  sa ra  of 

a l l  of these  a n i a a l s  (30% to 70% in h ib i t io n )  when u n d ilu ted  s e ra  were 

used. When these  se ra  were d i lu te d  to  avoid th i s  n o n - s p e c i f ic  

i n h i b i t i o n ,  s p e c i f i c  i n h i b i t i o n  by ia au n e  se ra  was a l s o  no t  d e te o ta b le .  

T h ere fo re ,  we a t t e a p t e d  to  p u r i fy  these  se ra  over a B/Lee a f f i n i t y  eo luan  

and then  used the  p u r i f i e d  s e ra  in  o o a p e t i t i o n  KIA in  the  anti-B123 and 

l * 'I-B 142 s y s te a .  The r e s u l t s  (da ta  not shown) of t h i s  l a t t e r  study 

in d ic a te d  th a t  th e re  was no d e te c ta b le  IdX o f  B/Lee aonoc lona l a n t ib o d ie s  

in  any o f  the  se ra  of the  a n i a a l s  in v e s t ig a te d .
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IX. DISCUSSION

A. FACTORS WHICH NAT INFLUENCE THE DETECTED FREQUENCY OF ANTIGENIC

VARIANTS.

D if f e r e n t  methods, such as n u c le ic  ac id  h y b r id i s a t io n  (S c h o l t is sa k  

a t  a l . ,  1978; P a le s t  a t  a l . ,  1981), o l ig o n u c le o t id e  sequencing (P o r te r  e t  

a l . ,  1979; W inter e t  a l . ,  1981) p ep t id e  mapping (Laver and W ebster,

1971), and p ep t id e  sequencing (Air e t  a l . ,  1981) have been used to  

in v e s t ig a t e  g e n e t ic  ohanges in  in f lu e a s a  v i ru s e s .  But, sinoe many 

g en e t ic  changes in  the  HA and NA genes do no t  r e s u l t  in  d e te c ta b le  

a n t ig e n ic  changes, s e ro lo g ic a l  methods must be inc luded  in  the  a n a ly s i s  

in o rder  to  d e te c t  a n t ig e n ic  v a r i a n t s .  In  t h i s  r e s p e c t ,  monoclonal 

a n t ib o d ie s  have a d i s t i n c t  advantage over h e te ro lo g o u s  immune se ra  in 

th a t  they can be a p p l ie d  to  d e te c t  s p e c i f i c  v i r u s  v a r i a n t s  r e s t r i c t e d  to  

a p a r t i c u l a r  a n t ig e n ic  d e te rm in a n t .  Monoclonal a n t ib o d ie s  have been used 

in  se v e ra l  l a b o r a to r i e s  to  de term ine  the  f re q u e n c ie s  of a n t ig e n ic  

v a r i a n t s  in  cloned v i r u s  p o p u la t io n s  (Laver e t  a l . ,  1979; Yewdell e t  a l . ,  

1989; Lubeek e t  a l . ,  1980; P o r tn e r  e t  a l . ,  1980) and f re q u e n c ie s  in  the 

range o f  10~*** to  <10"®*®, have been re p o r te d  from d i f f e r e n t  

l a b o r a to r i e s .  One of the  main purposes of the p r e s e n t  s tu d ie s  was to  

i n v e s t ig a te  the p o s s ib le  f a c t o r s  t h a t  n ig h t  in f lu e n c e  the d e te c te d  

frequency of a n t ig e n ic  v a r i a n t s .

Monoclonal a n t ib o d ie s  a g a in s t  PR8, X31 and BLee v i ru s  hem agg lu tin in  

were grouped to  be e i t h e r  a g a in s t  the  same (or overlapp ing) a n t ig e n ic  

d e te rm in a n ts  o r  a g a in s t  d i f f e r e n t  a n t ig e n ic  domains accord ing  to  two 

c r i t e r i a :

i .  I f  the  f req u e n c ie s  of a n t ig e n ic  v a r i a n t s  d e te c te d  in  th e

presence of p a i r s  of monoclonal a n t ib o d ie s  were e q u iv a le n t  to  th a t
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observed in the  presence of only one aonoclonal an tibody , these  two 

■onoclonal a n t ib o d ie s  were de f in ed  to  be a g a in s t  the saae  or f u n c t io n a l ly  

overlapp ing  d e t e r s  in a n ts .  I f  the  f req u en c ie s  d e te c te d  in  the presence of 

two aonoclonal a n t ib o d ie s  were the product of those d e te c te d  in  the 

presence of each of one aonoc lona l a n t ib o d ie s  s e p a ra te ly ,  the two 

aonoc lona l a n t ib o d ie s  a u s t  be a g a in s t  d i s t i n c t  a n t ig e n ic  a re a s .  This 

c r i t e r i u a  can d ia t in g u i s h  aonoclonal a n t ib o d ie s  which recogn ize  d i s t i n c t  

a n t ig e n ic  d o aa in a ,  bu t  the  weakness o f  t h i s  o r i t a r i u a  i s  th a t  i t  tends  to  

group to p o g ra p h ic a l ly  r e l a t e d  a n t ig e n ic  d e t e r a in a n t s  in to  overlapp ing  

d e t e r a in a n t s  because of s t e r i e  h indrance .

i i .  I f  v a r i a n t s  s e le c te d  in  the  presence of one aonoc lona l an tibody  

no longe r  r e a c te d  or r e a c te d  a t  a s ig n i f i c a n t l y  changed t i t e r  in  HI assay  

w i th  the  o th e r  aonoc lona l a n t ib o d ie s ,  these  two aonoc lona l a n t ib o d ie s  a re  

de f in ed  to  be d i r e c t e d  a g a in s t  the sane or f u n c t io n a l ly  overlapp ing  

d e t e r a in a n t s .  This c r i t e r i a  w i l l  d i s t i n g u i s h  two very  c lo s e ly  lo c a ted  

a n t ig e n ic  d e t e r a in a n t s .  The weakness of t h i s  c r i t e r i u a  i s  th a t  

aonoc lona l  a n t ib o d ie s  w ith  very  d i f f e r e n t  a v i d i t i e s  a g a in s t  the  saae  (or 

overlapp ing) d e t e r a in a n t s  aay  be grouped in to  a n t ib o d ie s  which a re  

s p e c i f i c  fo r  d i f f e r e n t  d e t e r a in a n t s .  O ccas iona lly ,  n o ta t io n s  a t  one 

e p i to p e  nay a f f e c t  the b ind ing  o f  aonoc lona l an tibody  s p e c i f i c  fo r  

ano ther  ep itope  through e o n fo ra a t io n a l  changes.

In  the PR8 v i r u s  s y s t e a ,  the  th re e  aonoclonal a n t ib o d ie s  P8, P20 and 

P28 a re  c l e a r l y  a g a in s t  d i s t i n o t  d e t e r a in a n t s  according  to  th e se  two 

c r i t e r i a .  In th e  BLee v i r u s  s y s t e a ,  aonoclonal a n t ib o d ie s  B109, B118, 

B127, B141 and B142 a re  a g a in s t  the  saae  o r  overlapp ing  d e t e r a i n a n t s  by 

bo th  c r i t e r i a :  aonoc lona l a n t ib o d iy  B147 a lso  see a s  to  be a g a in s t  

d e t e r a in a n t s  which overlap  w ith  the  f o r a e r  d e t e r a in a n t ( s ) .  In  the  X31
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v i r u s  s y te a ,  the grouping of aonoclonal a n t ib o d ie s  i s  d i f f i c u l t  to  

e s t a b l i s h  because of a s y a a e t r y  of r e a c t i v i t y  and d i f f e r e n c e s  in  

r e a c t i v i t y  w ith  d i f f e r e n t  v a r i a n t s  s e le c te d  by a s in g le  aonoc lona l  

an tibody . These two phenoaenon were a l s o  observed by o th e r  in v e s t ig a to r s  

(Gerhard, e t  a l . .  1980; Gerhard, e t  a l . ,  1981). Thns, th e  d e f i n i t i v e  

aapp ing  of a n t ig e n ic  d e t e r a in a n t s  recogn ised  by aonoc lona l a n t ib o d ie s  has 

to  be done by sequencing of v a r ia n t s .

To s i a p l i f y  the s tudy , ve s e le c te d  f i v e  aonoc lona l a n t ib o d ie s  

a g a in s t  the  saae  (or overlapp ing) d e t e r a in a n t s  on B/Lee HA to coapa re  the 

f re q u e n c ie s  of a n t ig e n ic  v a r i a n t s  d e te c te d  when each was used in  

s e l e c t i o n  and found an in v e rse  r e l a t i o n s h ip  between an tibody  a v i d i ty  and 

frequency of d e te c te d  v a r i a n t s  (Table IX). This r e l a t i o n s h i p  was f u r th e r  

c o n f i n e d  when the  d e teo ted  f re q u e n c ie s  of v a r ia n t s  w ith  a s in g le  

aonoc lona l an t ibody  (B118) and d i f f e r e n t  la b o ra to ry  and n a tu ra l  v a r i a n t s  

was ezaa in ed  (Table X). This l a t t e r  o b se rv a t io n  i s  p a r t i c u l a r l y  

no tew orthy  because in  t h i s  study the saae  aonoc lona l an tibody  was 

eap loyed  to  d e t e n i n e  the  f req u en c ie s  of v a r i a n t s  in  d i f f e r e n t  v i ru s  

p o p u la t io n s  to  which the an tibody  bound w ith  d i f f e r e n t  a v i d i t i e s .  Thus, 

any p o s s ib le  e f f e o t s  of d i f f e r e n c e s  in  the  ep itope  recognised  o r  of 

an tibody  c o n c e n tra t io n  o r  iso ty p e  can be excluded.

F u r th e ra o re ,  i t  is  w orth  a e n t io n in g  t h a t  only  B118 ( th e  h ig h e s t  

a v id i ty  an tibody) c r o s s - r e a c te d  w ith  B/Md/59 and B/HK/73 v i rn s e s  d e s p i te  

th e  f a c t  th a t  the  o th e r  4 aonoclonal a n t ib o d ie s  B109, B127, B141 and B142 

reco g n ize  the saae  or an overlapp ing  a n t ig e n ic  d e t e r a in a n t  on the  HA of 

B/Lee v i ru s .  P a r e n th e t i c a l ly ,  t h i s  l a s t  o b se rv a t io n  suppo rts  the  

su g g es tio n  by Russel e t  a l . ,  (1979) t h a t  an an tibody  p o p u la t io n  to  a 

p a r t i c u l a r  d e t e r a in a n t  nay be s p e c i f i c  o r  c r o s s - r e a c t i v e  depending upon
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the a r i d i t y  of the an tibody  p o p u la t io n s  p re s e n t .  However, these  d s ta  do 

no t exclude th e  p o s s i b i l i t y  t h s t  sone n a t u r a l ly  o ccu rr in g  v a r i a n t s  

c o n ta in  a n t ig e n ic  d e t e r a in a n t s  which a re  i d e n t i c a l  to  those  in  p rev ious 

s t r a i n s  snd hence n ig h t  p ro p e r ly  be c a l l e d  " c o a s o n "  d e t e r a in a n t s  as 

opposed to  " s t r a i n  s p e c i f i c "  d e t e r a in a n t s  (reviewed by Kilbourne e t  

a l . ,  1971).

A s i a i l a r  r e l a t i o n s h ip  between an tibody  a v id i ty  and d e te c te d  

f req u en c ie s  of a n t ig e n ic  v a r i a n t s  was observed when aonoc lona l an tibody  

X146 was t e s t e d  w ith  X31 v i ru s  and w ith  la b o ra to ry  s e le c te d  v a r i a n t  

v i ru s e s  XT106n4, XTlOSnS and XT108a5. As shown in  Table XIV, aga in  th e re  

was an in v e rse  r e l a t i o n s h ip  between th e  a v id i ty  w ith  which a aonoclonal 

an tibody  b inds  to  a p a r t i c u l a r  v i r u s  and the d e te c te d  f re q u e n c ie s  of 

a n t ig e n ic  v a r i a n t s .  These o b se rv a tio n s  a re  c o a p a t ib le  w ith  the 

s p e c u la t io n  t h a t  in  the  p resence o f  h igh  a v id i ty  an tibody  a h igh 

p ro p o r t io n  of v a r i a n t s  p re s e n t  in  cloned v i m s  seeds do no t  escape 

n e n t r a l i x a t io n  and hence a re  no t d e te c te d  as  v a r i a n t s ,  whereas in  the 

p resence of low a v id i ty  an tibody these  sane n n ta n t  v i ru s e s  a re  not 

n e u t r a l iz e d  and can be d e te c te d  as v a r i a n t s .  The absence of a 

reco g n izab le  in v e rse  c o r r e l a t i o n  betw een a v i d i ty  and frequency of 

d e te c te d  v a r i a n t s  in  the  PK8 v i m s  s y s te n  n ig h t  be r e l a t e d  to  the  f a c t  

th a t  the  nonoclonal a n t ib o d ie s  enployed in  t h i s  s tudy  a re  d i r e c te d  

a g a in s t  d i s t i n c t  a n t ig e n ic  s i t e s  (Table I I I ) .  In  the absence of 

d e f i n i t i v e  d s ta ,  i t  i s  on ly  p o s s ib le  to  s p e c u la te  as to  why the  d e te c te d  

f req u en c ie s  of a n t ig e n ic  v a r i a n t s  w ith  nonoclonal a n t ib o d ie s  d i r e c te d  to  

d i f f e r e n t  ep i to p es  nay be q n i te  d i f f e r e n t .  Anong the  h y p o th e t ic a l  

p o s s i b i l i t i e s  a re :  (a). D if fe ren ce s  in  n n ta t i o n a l  f re q u e n c ie s  a t

d i f f e r e n t  s i t e s ;  (b). M uta tional even ts  o n ts id e  of a n t ig e n ic  donains  nay
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cans* c o n fo ra a t io n a l  changes which a f f f e c t  soae ep i to p e s  a o re  than 

o th e r s ;  (c). Because of d i f f e r e n c e s  in  the  lo c a t io n  of d i f f e r e n t  

a n t ig e n ic  d o aa in s  on the  HA, s n b s t i t n t i o n s  in  d i f f e r e n t  ep i to p e s  aajr have 

a a rk e d ly  d i f f e r e n t  e f f e c t s  on the  n e u t r a l i s in g  a c t i v i t y  of aonoclonal 

a n t ib o d ie s  s p e c i f i c  fo r  each a n t ig e n ic  s i t * .

In  the  X31 v i ru s  s y s t e a ,  soa* of the  f a c to r s  th a t  in f lu en ce  

d i f f e r e n c e s  in  the  f req u en c ie s  of a n t ig e n ic  v a r ia n t s  d e te c te d  by eleven  

aonoclonal a n t ib o d ie s  a re  no t  obvious (Table X III) .  For e z a a p le ,  IT 101, 

XT104, XT106, XT105, X188, IT 102. and XT107 a re  a l l  IgO a n t ib o d ie s ;  they 

have s i a i l a r  b ind ing  c o n s ta n ts  to  v i m s  aeasn red  by s o l id  phase KIA, and 

t h e i r  c o n c e n tra t io n s  in  a s c i t e s  f l n i d s  a re  no t s i g n i f i c a n t l y  d i f f e r e n t .  

However, the f req u en c ie s  of a n t ig e n ic  v a r ia n t s  d e te c te d  in  the p resence 

of XT101. XT104, XT 106 and X188 a re  in  the  rang* of th a t

of XT102 i s  l e s s  than  10- 7 *1 ( a t  l e a s t  abont 100 fo ld  low er than 

a v e ra g e ) ;  whereaa, those of XT105 and XT107 a re  10~**4 and 

r e s p e c t iv e ly .  However, as seen in  Table X II I ,  these  d i f f e r e n c e s  in  

.de tec ted  f re q u e n c ie s  o f  a n t ig e n ic  v a r i a n t s  d e te c te d  by these  seven 

aonoclonal a n t ib o d ie s  a re  no t a t t r i b u t a b l e  to  the c l a s a  of aonoclonal 

an tibody , aonoclonal an tibody  c o n c e n tra t io n  in  a s c i t e a  f l u i d  or to  

an tibody  a v id i ty .  S i a i l a r i l y ,  X202, has the lo w es t  a v id i ty  bu t the 

frequency of a n t ig e n ic  v a r i a n t s  d e te c te d  in  th e  p resence of X202 i s  no t 

low er than those  observed w i th  a o s t  of the  o th e r  aonoc lona l a n t ib o d ie s .

W* s p e c u la te ,  t h a t  these  d i f f e r e n c e s  in  d e te c te d  f re q u e n c ie s  of a n t ig e n ic  

v a r i a n t s  a re  a o s t  probably  r e l a t e d  to  d i f f e r e n c e s  in  the p a r t i c n l a r  

ep i to p es  involved in  v i r u s  HA and aonoclonal an tibody  i n t e r a c t io n  

although soae  of the aonoc lona l a n t ib o d ie s  a e n t io n ed  above aay  be a g a in s t  

p a r t i a l l y  overlapp ing  a n t ig e n ic  a rea s  fu n c t io n a l ly .
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Os the o th e r  hand oar  s ta d ie a  d id  d e a o n a t ra te  th a t  in  aoae ina taneea  

a t  l e a s t ,  an tibody  c o n c e n tra t io n  conld  be a f a c to r  in f lu e n c in g  the  

d e te c te d  freq n en c iea  of a n t ig e n ic  v a r i a n t s .  For ex an p le ,  the e x t r e a e ly  

low frequency of a n t ig e n ic  v a r i a n t s  d e te c te d  in  the  preaence of u n d ilu te d  

IDE t r e a t e d  XT102 inc reased  100 fo ld  when the a s c i t e s  was d i lu te d  1:4 

(Table XV). Thia r e s u l t  sugges ts  t h a t  in  aoae in a tan ee a  v a r i a n t s  any not 

be d e te c te d  i f  an tibody  ia  p re se n t  in  g r e a t  excesa ( i . e . ,  i f  p re s e n t  in  

h igh  c o n c e n tra t io n s )  th e  an tibody  aay s t i l l  be capable  of n e u t r a l i z in g  

v a r i a n t s  which o th e rw ise  would escape. In  a o s t  o th e r  in s ta n c e s ,  a 

decrease  in  an tibody  c o n c e n tra t io n  e i t h e r  d id  no t  s i g n i f i c a n t l y  in f luence  

the d e te c te d  frequency of v a r i a n t s  o r  r e s u l t e d  in  i n s u f f i c i e n t  

c o n c e n tra t io n  of an tibody  to  c o a p le te ly  n e u t r a l i s e  w ild  type v i ru s .  The 

reason(s)  why changes in  an tibody  c o n c e n tra t io n  had d i f f e r e n t  e f f e c t s  on 

d e te c te d  frequency of v a r i a n t s  fo r  d i f f e r e n t  nonoclonal a n t ib o d ie s  i s  

( a r e )  n o t  c l e a r .

Another f a o to r  which appeared to  p lay  a ro le  in  a ssays  o f  d e te c te d  

f req u e n c ie s  of v a r i a n t s  was r e l a t e d  to  d i f f e r e n c e s  which were ob ta ined  

when d i f f e r e n t  assay systems were enployed. Thus, i t  was i n t e r e s t i n g  to  

note  th a t  the  frequency of v a r i a n t s  d e te c te d  when XT101 was p r e s e n t  only  

during  the  p re in o c u la t io n  p e r io d  and th a t  observed when i t  was p re s e n t  

bo th  du ring  p re in o o u la t io n  and p o s t in o c u la t io n  p e r io d s  a re  the sane 

(Table XVI). On the o th e r  hand, the  d e te c te d  frequency of v a r ia n t s  

observed when XX103 was p re s e n t  bo th  du ring  p re in o o u la t io n  and 

p o s t in o c u la t io n  p e r io d s  was much low er than  t h a t  observed when i t  was 

p re s e n t  only during  the  p re in o c u la t io n  per iod .  Ibese  r e s u l t s  can be 

c o r r e l a t e d  w ith  n e u t r a l i z in g  and plaque re d u c t io n  p r o p e r t i e s  of XT101 and

XT103 shown in  (Table XVII). I t  can be seen th a t  XT101 has  a r e l a t i v e l y
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low p o a t in o c u la t io n  plaque re d u c t io n  t i t e r .  T h e re fo re ,  i t  ia  l i k e l y  th a t  

XY101 ia  unable to  r e a c t  w ith  v a r ia n ta  which hawe escaped n e u t r a l i z a t i o n  

during  the  p re in o c n la t io n  p e r io d ;  on the  o th e r  hand, XT103 has a 

r e l a t i v e l y  high p o s t - in o c u la t io n  plaque re d u c t io n  t i t e r  and thus may be 

capable  of i n h ib i t i n g  n u l t i c y c l e  r e p l i c a t i o n  of v a r i a n t s  which escaped 

n e u t r a l i z a t i o n  du ring  the p re in o c u la t io n  per io d .  ( I t  should be noted 

t h a t  these  d i f f e r e n c e s  in  r e l a t i v e  t i t e r s  o f  XT101 and XT103 in 

p re in o c n la t io n  n e u t r a l i s a t i o n  and p o a t in o c u la t io n  p laque r e d u c t io n  assay  

were observed in  rep ea ted  e z p e r in e n ta ) .

We cannot d e f i n i t i v e l y  e x p la in  why two nonoclonal a n t ib o d ie s  w ith  

s i n i l a r  p re in o c u la t io n  n e u t r a l i z a t i o n  t i t e r s  have d i f f e r e n t  

p o a t in o c u la t io n  p laqne  t i t e r s .  However, i t  ahonld be no ted  th a t  XT101 

and XT103 are  no t d i r e c te d  to  the  i d e n t i c a l  a n t ig e n ic  d e t e r a i n a n t  of the 

X31 v i r u s  HA and i t  i s  p o s s ib le  th a t  an tibody  p o p u la t io n s  s p e c i f i c  fo r  

d i f f e r e n t  d e t e r a in a n t s  nay vary w ith  re sp e c t  to  t h e i r  r e l a t i v e  a c t i v i t i e s  

in  the  two assay  s y s te n s .  I t  ia  a l so  p o s s ib le  th a t  the  r e l a t i v e l y  h ighe r  

c o n c e n t ra t io n  of XY103 in a s c i t i c  f l n i d  nay be a f a c to r .  In  any case ,  i t  

seena c l e a r  t h a t  in  the case of XT103 the a ssay  sy s te n  enployed had a 

s i g n i f i c a n t  e f f e c t  on the  frequency of d e te c te d  v a r i a n t s .

To s u n n a r iz e ,  the  f a c to r s  t h a t  nay  in f lu en ce  the d e te c te d  frequency 

o f  a n t ig e n ic  v a r i a n t s  a re  an tibody  a v id i ty ,  an tibody  c o n c e n tra t io n ,  the 

assay  ay s ten  enployed and probably  the  s p e c i f i c  s i t e s  to  which nonoclonal 

a n t i b o d i e s  b ind .

B. IDIOTYPY OF CLONAL RESPONSES TO INFLUENZA VIRUS HEMAGGLUTININ

Although the s t r u c t u r a l  b a s i s  fo r  a n t ig e n ic  v a r i a t i o n  of in f lu e n z a  A 

v i r u s  HA m olecu les  has been e lu c id a te d  by re c e n t  sequence a n a ly s i s  of

v a r i a n t s  (Laver e t  a l . ,  1979; Webster and Laver, 1980; W inter e t  a l . ,
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1982; G e th in g  e t  a l . .  1980; V erhoeyen a t  a l . .  1980; Fang a t  a l . .  1981; 

S la ig h  a t  a l . ,  1981; V ilay  a t  a l . ,  1981), aa y a t ,  l i t t l e  i s  known abont 

the c lo n a l  n a tn ra  of the anti-HA rasponsas  which co n fe r  i n s a n i t y  to  

in f e c t io n .  The a v a i l a b i l i t y  of aonoc lona l a n t ib o d ie s  to  in f lu e n z a  v i ru s  

HA's and of tachn iqna  fo r  r a i s i n g  a n t i - i d i o ty p a  a n t ib o d ie s  provide  a 

p o t e n t i a l l y  pow erfu l to o l  to  i n v e s t ig a t e  the  id io ty p e s  expressed  during  

the ia a u n e  response and fo r  d e t e r a in in g  w hether s p e c i f i c  a n t ib o d ie s  to  

a n t ig e n ic  v a r i a n t s  a re  der iv ed  f r o a  a d iv e rs e  s e t  of c lono types  o r  f r o a  

the progeny of coaaon a n c e s to r  c lones .

A nalys is  of the  id io ty p e s  of the  th re e  PR8 HA s p e c i f i c  aonoc lona l 

a n t ib o d ie s  P8, P20 and P28 ( th e se  aonoclonal a n t ib o d ie s  a g a in s t  d i f f e r e n t  

d e t e r a in a n t s  on P28 HA) w ith  hoaologous a n t i - i d  a n t i s e r a  revea led  

ex te n s iv e  c r o s s - r e a c t i v i t y  as  a sse sse d  in  HI and RIA assays  (Table XX). 

This unusual id io ty p ic  o r o s s - r e a c t i v i t y  has been found p r e v io u s ly  in 

o th e r  s y s t e a s  aaong a n t ib o d ie s  to  d i f f e r e n t  a n t ig e n  a o le c u le s  (Oudin and 

Cazenave, 1971) and aaong a n t ib o d ie s  of unknown s p e c i f i c i t i e s  (Oudin and 

Cazenave, 1981; Bona e t  a l . ,  1979). The f in d in g  of shared IdX aaong P8, 

P20 and P28 aonoc lona l a n t ib o d ie s  d e s p i te  t h e i r  d i f f e r e n t  a n t ig e n ic  

s p e c i f i c i t i e s  and th e  f a c t  t h a t  they a re  of d i f f e r e n t  IgG su b c la s se s  

su g g es ts  t h a t  the  IdX ia  encoded by (a) g e r a l in e  gene(s).

With r e s p e c t  to  the  a e c h a n is a  re sp o n s ib le  f o r  shared IdX aaong 

aonoc lona l a n t ib o d ie s  of d i f f e r e n t  IgG su b c la s se s  s p e c i f i c  fo r  d i f f e r e n t  

HA d e t e r a i n a n t s ,  sev e ra l  e x p lan a t io n s  can be e n te r ta in e d :

( i )  The c lones  a s s o c ia te d  w ith  d i f f e r e n t  an tibody  s p e c i f i c i t i e s  

but s i a i l a r  id io ty p e  s p e c i f i c i t i e s  a re  der ived  f r o a  one a n c e s t r a l  c lone 

o r  V gene a n c e s to r .  During eab ryon ic  deve lo p aen t and c lo n a l  expansion , 

a f t e r  a n t ig e n  s t i a u l a t i o n ,  s o a a t i c  a u t a t i o n s  aay  occur in  V -region  genes
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so th a t  d i f f e r e n t  an tibody  s p e c i f i c i t i e s  are  g en era ted  w h ile  id io ty p e  

s p e c i f i c i t i e s  r e a a in  r e l a t i v e l y  unchanged (Bona and H iernans, 1981).

( i i )  The Vg reg io n  of ia n n n o g lo b n l in  i s  encoded by s ep a ra ted  V and 

J  genes. During B c e l l  s a t u r a t i o n ,  V and J  reg io n s  a re  jux taposed  so i t  

i s  p o s s ib le  t h a t  a n t ib o d ie a  b e a r in g  d i f f e r e n t  a n t ig en  b ind ing

s p e c i f i o i t i e a  a  ay have i d e n t i c a l  J  seg aen ta  (Bona and H iernans, 1981; 

S c h i l l i n g  e t  a l . ,  1980).

( i i i )  During B c e l l  a a t u r a t i o n ,  d i f f e r e n t  a in ig e n e s  (D genes) which 

code f o r  1-7 a a in o  aoida a re  in a e r te d  between V and J  genes. This D gene 

aay  c o n t r ib u te  to  the  d i s t i n e t  a n t ig e n  b ind ing  s p e c i f i c i t i e s ,  but 

a n t ib o d ie s  nay a t i l l  have c r o a s - r e a c t iv e  id io ty p ic  d e t e r a in a n t s  (Ju  e t  

a l . .  1980 ; K a b a t ,  1980).

( iv )  The IdX r e p re s e n t ( s )  r e g u la to ry  id io ty p e(a )  which a re  capable 

of becoming d o n in an t id io ty p e a  becauae i t  i s  these  d e t e r a in a n t s  th a t  

s t i a u l a t e  Id s p e c i f i e  r e g u la to ry  c e l l s  (Bona e t  a l . ,  1980). The da ta  

o b ta in ed  in  the p re s e n t  e x p e r ia e n ts  do no t p e r a i t  us to  d i s t i n g u i s h  among 

th o s e  p o s s i b i l i t i e s .

The s tudy  of the id io ty p e s  expressed by monoclonal a n t ib o d ie s  

s p e c i f i c  f o r  B/Lee HA (Tables XXIII and XXIV) inc lud ing  B109, B118, B123. 

B127, B141, B142 and B147, dem onstra ted  t h a t  these aonoclonal a n t ib o d ie s  

b ear  th ree  c a te g o r ie s  o f  id io ty p io  d e t e r a in a n t s :

( i )  id io ty p e s  borne by a s in g le  aonoclonal an tibody , e q u iv a le n t  to  

an in d iv id u a l  a n t ig e n ic  s p e c i f i c i t y  of of a ay e lo a a  p r o te in  (Kunhel e t  

a l . ,  1 9 ( 3 ) ,  i . e . ,  an  i n d i v i d u a l  i d i o t y p e .

( i i )  id io ty p ic  d e t e r a in a n t s  shared by a few bu t no t  a l l  of the 

aonoclonal a n t ib o d ie s .
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( i l l )  c r o s s - r e a c t i v e  id io ty p e s  born by aonoclonal a n t ib o d ie s  s p e c i f i c  

fo r  the saaa  or overlapp ing  a n t ig e n ic  d e t e r a in a n t s  on B/Lee HA.

I t  shonld be eap h as ised  th a t  tbe  B/Lee s p e c i f i c  aonoclonal 

a n t ib o d ie s  eaployed a re  of d i f f e r e n t  sn b c la sse s  (Table VII). Moreover, 

a 1 though they  a re  d i r e c te d  to  overlapp ing  a n t ig e n ic  d e t e r a i n a n t s ,  the 

a v id i ty  w ith  which in d iv id u a l  aonoc lona l a n t ib o d ie s  b ind to  B/Lee has 

been found to  vary  over a v id e  range. Hence, the  IdX observed aaong 

th e se  a n t ib o d ie s  i s  n o t  a t t r i b n t a b l e  to  t h e i r  being p rodncta  of a 

p a r t i c n l a r  e lono type. N ev er th e le ss ,  the  f in d in g  of IdX aaong an tibody  

p o p u la t io n s  w ith  overlapp ing  bu t n o n id e n t ic a l  s p e o i f i c i t i e s  i s  no t 

unexpected and could be exp la ined  by any of the  4 a e c h a n is a  d iscu ssed  

above.

I t  should be noted t h a t  in  our s tu d ie s  we observed t h a t  aonoclonal 

a n t ib o d ie s  r e s u l t i n g  f r o a  d i f f e r e n t  fu s io n s  bu t d i r e c te d  a g a in s t  the saae  

v i r u s  HA had l e a s  c r o s a - r e a o t iv e  id io ty p y  than  aonoclonal a n t ib o d ie s  

ob ta in ed  f r o a  the  saae  fu s io n .  This o b se rv a t io n s  aay  be exp la ined  by one 

(or ao re )  of the  fo llo w in g  a e o h a n is a s :

(a) During c lo n a l  expansion a f t e r  a n t ig e n  s t i a u l a t i o n ,  d i f f e r e n t  

d o a in a n t  id io ty p e s  ( i . e . ,  r e g u la to ry  id io ty p e s )  are  expressed  a t  

d i f f e r e n t  s tag es  of a a t u r a t i o n .  Each fu s io n  happened to  c a tc h  e lono types  

c h a r a c t e r i s t i c  of a p a r t i c u l a r  a a t u r a t i o n  s tage .

(b) During c lo n a l  expansion a f t e r  a n t ig e n  s t i a u l a t i o n ,  d i f f e r e n t  

sons  t i c  a u t a t i o n a  or g e n e t ic  r e a r r a n g e a e n ts  aay  occur in  V reg io n  genes 

so t h a t  the  V d o aa in s  of aonoclonal a n t ib o d ie s  f ro a  d i f f e r e n t  fu s io n s  a re  

l e s s  a l ik e  than  those  f r o a  the  saae  fu s ion .

In  our s tu d ie s ,  we a l s o  noted th a t  both  w ith  aonoc lona l a n t ib o d ie s  

to  PH8 and B/Lee v i ru s e s  b ind ing  to  a n t i - i d i o ty p e  an tibody  was in h ib i t e d
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by p r i o r  in c u b a tio n  of aonoclonal a n t ib o d ie s  w ith  v i ru s  (Tables XX and

XXV). These r e s u l t s  a re  o o a p a t ib la  w ith  the a s s u a p t io n  th a t  the

id io ty p ic  d e t e r a in a n t s  a re  c lo s e ly  a s s o c ia te d  w ith  the  containing s i t e .

However, t h i s  does no t aaan  th a t  id io ty p ic  d e t e r a in a n t s  which no longer

r e a c t  w ith  a n t i - i d i o ty p e s  a f t e r  i n t e r a c t i o n  w ith  v i ru s  a re  n e c e s s a r i ly

ooab in ing  s i t e  a s s o c ia te d .  Indeed, Kunkel e t  a l . ,  (1976), showed th a t

b ind ing  of an ti-K h  a n t ib o d ie s  to  a la rg e  a n t ig e n  such as red  blood c e l l s
a

can lead  to  the d isappearance  of aoae id io ty p ic  d e t e r a in a n t s  and the 

appearance of o th e r  a n t ig e n ic  d e t e r a i n a n t s  th a t  a re  d i f f e r e n t  f ro a  those 

a s s o c ia te d  w ith  the coab in ing  s i t e .

Both p e r s is te n c e  and v a r i a t i o n  of id io ty p e s  during  the  ianune 

response have been d e a o n s t r a te d  in  o th e r  a y s te a a .  Thus, i t  was shown in  

huaans, th a t  id io ty p e s  o f  an ti-K h  a n t ib o d ie s  can p e r s i s t  f o r  seve ra l  

y e a rs  and in  a i e e  th a t  the id io ty p e  of a n t i - g a l a e t a n  a n t ib o d ie s  can 

p e r s i s t  fo r  150 days (S a in t  M artin  e t  a l . ,  1978; Bona, 1981). In 

c o n t r a s t ,  i t  was shown in  r a b b i t s  th a t  aoae id io ty p e s  of a n t i - £ .  tvnh i 

(Oudin and M ichel, 1969), and -J{. lv a o d e lk t io u s  (Brown and Rodkey, 1979) 

or a n t i -p h e y n la r so n a te  (McDonald and N iaonoff , 1976) d e te c te d  e a r ly  a f t e r  

i a a u n ix a t io n  d isap p ea r  and a re  rep laced  by new id io ty p es  in  the  l a t e  

phases of the ia a u n e  response. In  a i c e ,  in  the hen lysozyae  s y s t e a ,  the 

IdX-HEL was found on ly  in  th e  secondary ia a u n e  response (Metzger, e t  a l . ,  

1980).

In  g e n e ra l ,  the  r e s u l t s  ob ta ined  in  our s tu d ie s  of the  id io ty p e s  

expressed  du ring  ia a u n e  responses  o f  a i c e  ia a u n iz e d  w ith  B/Lee v i r u s  are  

in  accord w ith  these  o b se rv a t io n s  in  t h a t  bo th  p e r s is te n c e  and v a r i a t i o n  

of d i f f e r e n t  id io ty p e s  during  p r i a a r y  and secondary ia a u n e  responses  were 

observed.

112



F i r s t ,  i t  should be noted  t h a t  the I d l  d e te c te d  by anti-B147 end 

SRBC-B147 was not d e te c ta b le  In the se ra  of a l e e  a f t e r  p r i a a r y  or 

secondary ia a n n ix a t io n  w ith  B/Lee v i m s .  Soae c r o s s - r e a c t i v e  id io ty p e s  

were d e te c ta b le  in  the se ra  of a i c e  p r io r  to  i a a n n ix a t io n .  The presence 

o f  IdX in  n o n - iaa n n ix ed  a i c e  conld be exp la ined  e i t h e r  by a n t ib o d ie s  w ith  

unknown s p e c i f i c i t i e s  which oonld share the IdX of aonoclonal a n t ib o d ie s ,  

o r  a l t e r n a t i v e l y  by the  e x is ten ce  in  the  non iaaun ixed  a a i c e  o f  a s a a l l  

aaount of an tibody  to  B/Lee HA which i s  n n d e tec ta b le  by a n t i v i r a l  HI 

assay  but ia  d e te c ta b le  by PFC assay  (R eiss  and Schulaan, 1980).

The IdX's d e te c te d  by anti-B118 and SR8C-123, and by an ti-B 118 and 

SRBC-B142 were expressed during  both  p r i a a r y  and secondary ia au n e  

re sp o n ses .

In  c o n t r a s t ,  the  IdX d e te o te d  by i n h i b i t i o n  of b ind ing  of anti-B142 

to  SRBC-BI09 was observed only du ring  the p r i a a r y  response. This absence 

o f  id io ty p e  during  the  seeondsry response could be exp la ined  by

( i )  the  in d u c tio n  of an a n t i - i d  an tibody  during  the  secondary 

response which c l e a r s  the  corresponding  id io ty p e  f r o a  the  blood, or

( i i )  the appearance of su p p resso r  T c e l l s  s p e c i f i c  fo r  the  id io ty p e  

which suppress  th e  ex p ress io n  of t h i s  id io ty p e .

The le v e l  of id io ty p e  d e te c te d  by anti-B147 and SRBC-B109 was very  

h igh  in  n o n - ia a u a iz e d  n i c e ,  bu t was reduced a f t e r  p r i a a r y  ia a n n ix a t io n .

On the o th e r  hand, t h i s  id io ty p e  was expressed  i a a e d i a t e l y  a f t e r  

secondary s t i a u l a t i o n .  The high t i t e r s  o f  t h i s  id io ty p e  during  the  

secondary response could be exp la ined  by one (or ao re )  of the  fo llo w in g  

a e c h a n is a s .

( i)  expression during the secondary response but not the priaary 

response of an Ab̂  (id) having antigen s p e c if ic i ty  and bearing the IdXj
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( i i )  ex p re ss io n  of a p a r a l l e l  Abj which b ee rs  the  IdX bu t lacks  

a n t i g e n  s p e c i f i c i t y ;

( i i i )  in d u c t io n  of Abg ( a n t i - a n t i - i d )  which b ea rs  the  IdX and e i t h e r  

does or does n o t  have a n t ig e n  b ind ing  s p e c i f i e i t y .  Since the  a a j o r i t y  of 

IdX expressed  e a r ly  in  the  secondary response was found in  th e  se rua  

f r a c t i o n  which d id  no t bind to  v i r u s ,  Abj and Abg w ith  a n t ig e n  

s p e c i f i c i t y  nay be excluded as th e  a a j o r  source of IdX b ea r in g  an tibody  

seen in  the secondary response. Although we could no t  d e te o t  a n t i -  

i t io d y p e  (Abj) an tibody  in  s e ra  ob ta ined  l a t e  in  the  p r in a r y  response , we 

eannot exclude the p o s s i b i l i t y  t h a t  Ab2  un tibody in c o n c e n tra t io n s  too 

low to  be d e te c te d  w i th  the  assay  s y s te a  enployed, in  the  f o r a  of 

co ap lex es ,  or seq u es te re d  in  lyap h o id  organs was p re s e n t  in  q u a n t i t i e s  

s u f f i c i e n t  to  induce an Abj response . Hence, we a re  unable a t  p re s e n t  to  

d i s t i n g u i s h  w hether the  preponderance o f  IdX observed in  the secondary 

response using  the  anti-B147 SRBC-B109 s y s te a  i s  due to  a p a r a l l e l  Abj 

s e t  o r  to  Abg*

The ontogeny o f  IdX ex p re s s io n  in  s e ra  of BALB/c n ic e  in a u n iz e d  w ith  

B/Lee v i r u s  was in v e s t ig a te d  by c o a p e t i t i v e  RIA in  the  an ti-B 123Id  and 

1SII-B142 s y s t e a .  Only low le v e l s  o f  in h i b i t i o n  were observed even when 

u n d ilu te d  s e ru a  s a a p le s  were used as i n h i b i t o r s ,  sugges ting  th a t  the 

id io ty p e  we s tu d ie d  r e p re s e n t  a i n o r  coaponen ts  of the  c lo n a l  r e p e r t o i r e  

to  B/Lee v i r u s .  However, the  da ta  support the  hypo thes is  th a t  the 

a a t u r a t i o n  of ex p re ss io n  of IdX s tu d ie d  fo l lo w s  t h a t  of the  an t i-B /L ee  

response .

Cancro e t  a l . ,  .(1979) have shown t h a t  in  young n ic e  th e re  are  only 

few c lones  s p e c i f i c  fo r  in f lu e n z a  v i r a l  HA, and t h a t  a o s t  of these  c lones  

are  l o s t  in  a d u l t  a i c e .  Our d a ta  show th a t  the  c r o s s - r e a c t i v e  id io ty p e
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we s tu d ie d  i s  p re se n t  e a r l j r  (befo re  1 2  days of age) and p e r s i s t s  in  a d n l t  

l i f e .  This f u r th e r  support the  idea  t h a t  t h i s  p a r t i c u l a r  id io ty p e  is  

produced by c lono types  which appear a t  low frequency.

S tu d ie s  on the  ontogeny of id io ty p e  ex p ress io n  in  e a r l i e r  s tu d ie s  

rew ealed th a t  d i f f e r e n t  id io ty p e s  a re  ac t iw a ted  a t  d i f f e r e n t  t i n e s  du ring  

l i f e .

X24TdX of a n t i - g a l a c t a n  response (Bona, 1981) and 384Id o r  anti-LPS 

response (Bona, 1981) a re  ac t iw a ted  a t  b i r t h  or soon a f t e r ;  460Id o f  the 

a n t i - IN P  response ,  Tl51d of the an t i-P C  response (S ignal a t  a l . ,  1976) 

and IdX of th e  a n t i -A rs  response (Nutt e t  a l . ,  1979) a re  ac t iw a te d  e a r l y  

during  p o s t - n a t a l  l i f e  (approx im ate ly  5 days to  l e s s  than  2  weeks of 

u g e ) ;  whereas the  IdX or the  an ti-f)  (2->l) f ru o to sa n  response (Bona e t  

a l . ,  1979) and the  a n t i - o  ( l - > 6 ) d e x tra n  response (Howard and Hale, 1976; 

Fernandes and H o l le r ,  1978) a re  ac t iw a te d  l a t e r  in  n ic e  ( a p p ro x ia a te ly  a t  

4 weeks of age). The r e s u l t s  to g e th e r  w ith  those p re sen te d  h e re  support 

the concept t h a t  V genes of ia a u n o g lo b u l in  a re  s e q u e n t i a l ly  a c t iw a te d  

during  p o s tn a t a l  l i f e .

Our s tu d ie s  a l s o  d e a o n s t r a te d  t h a t  the  IdX which was s tu d ie d  can be 

d e te c te d  du r in g  ia a u n e  response  to  B/Lee w irus aaong a l l  s t r a i n s  of a i c e  

r e g a rd le s s  of H2 or Igh-C hap lo type  in d ic a t in g  t h a t  t h i s  IdX i s  o f  g e ra  

l i n e  o r i g i n .

Such i n t e r s t r a i n  IdX which i s  no t l inked  to  a l lo ty p e s  nor in f lu en ced  

by a a j o r  h i s t o c o a p a t i b i l i t y  genes has a lso  been obserwed in  o th e r  

s y s t e a s .  M ushinshi and P o t t e r  (1977) showed t h a t  06- GALBMPIdX was 

d e te c te d  in  d i f f e r e n t  s t r a i n s  of n ic e  du ring  d i f f e r e n t  s ta g e s  a f t e r  

i a a n n ix a t io n  w ith  gua g h a t t i .  Ju  e t  a l . ,  (1979) showed t h a t  GA- 1  

id io ty p e  was d e te c te d  in  21 inbred  s t r a i n s  of n ic e  ia a u n ix e d  w i th  GAT.
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Our r e s u l t s  s l s o  provided  evidence t h s t  the s sa e  a in o r  IdX wes 

exp ressed  in  a i c e  ia a n n ix e d  w ith  n s t n r s l  v s r i s n t s  of in f lu e n x s  B v i r n s .  

These r e s u l t s  s r e  s l s o  c o a p a t ib l e  w ith  the  concept t h s t  t h i s  IdX i s  of 

g e ra  l i n e  o r ig i n  end th a t  s o a a t i c  a n t e t i o n s  or c o a b in a t io n s l  even ts  a sy  

r e s u l t  in  B c e l l  c lones  producing sn tib o d y  of d i f f e r e n t  s p e c i f i c i t i e s  

which r e t s i n  shared id io ty p ic  d e t e r a in a n t s .

To s u a a a r i z e ,  in  th e  s tu d ie s  of id io ty p y  aaong aonoclonal a n t ib o d ie s  

to  in f lu e n z a  v i r n s  h e a a g g lu t in in  we have found th a t :  (a) c r o s s - r e a c t i v e  

id io ty p y  aaong aonoc lona l a n t ib o d ie s  to  in f lu e n z a  v i r u s  h e a a g g lu t in in  i s  

no t  r e s t r i c t e d  to  aonoc lona l a n t ib o d ie s  d i r e c te d  to  the s sa e  or 

ove r lapp ing  e p i to p e s ,  aonoclonal a n t ib o d ie s  to  d i s t i n o t  a n t ig e n ic  

d e t e r a i n a n t s  on the  h e a s g g lu t in in  o f  PR8  v i r u s  s l s o  show c r o s s - r e s c t iv e  

id io ty p y .  In  s d d i t i o n ,  t h i s  shar ing  of id io ty p e s  i s  no t r e s t r i c t e d  to  

ao n o c lo n sl  a n t ib o d ie s  ob ta ined  f r o a  a s in g le  fu s io n ,  s i  though aonoc lona l 

a n t ib o d ie s  o b ts in e d  f r o a  d i f f e r e n t  fu s io n s  tend to  share  l e s s  c ro s s ­

r e a c t iv e  id io ty p y .  These o b se rv a t io n s  lead  us to  sp ecu la te  th a t  the 

c r o s s - r e a c t i v e  id io ty p e s  d e teo ted  aay  r e f l e c t  r e g u la to ry  id io ty p es  

a e d ia te d  by id io ty p e  s p e c i f i c  Ifo b u t  o th e r  p o s s i b i l i t i e s  are

e q u a l ly  p la u s ib le ,  (b) Soae of these  c r o s s - r e a c t i v e  id io ty p e s  a re  

p re s e n t  in  BALB/c a i c e  s f t e r  p r i a s r y  i a a u n i z s t i o n  w ith  in f lu e n x s  v i r u s ,  

soae a re  p re s e n t  a f t e r  the  secondary i a a n n ix a t io n  or both, (e) The 

c r o s s - r e a c t i v e  id io ty p e  i s  p re s e n t  a t  low le v e l s  in  s l l  s t r a i n s  of a i c e  

s tu d ie d  in d ic a t in g  t h a t  i t  i s  p robab ly  of g e r a  l i n e  o r ig in ,  (d)

D e te c t io n  of the  IdX in  the response  o f  BALB/c a i c e  to  n a t u r s l  v a r i a n t s  

of B/Lee v i r u s  su g g es ts  t h a t  the saae  g e ra  l i n e  genes s r e  eaployed  in  the  

response to  v a r i a n t s .
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X. SIGNIFICANCE

1. D etec ted  f re q u e n c ie s  of v s r i s n t s  csn be in f luenced  by an tibody  

a v id i ty ,  an tibody c o n c e n tra t io n ,  the ae thod  of assay and by o th e r  as y e t  

undefined  f a c t o r s .

2. C ro s s - r e a c t iv e  id io ty p e  aaong aonoc lona l a n t ib o d ie s  to  d i f f e r e n t  

s i t e s  and in  heterogeneous s e r ^  ob ta ined  a f t e r  i a a n n ix a t io n  w ith  v a r i a n t s  

su g g es ts  th a t  id io ty p e  r e g u la t io n  aay  be an i a p o r t a n t  f a c to r  in f lu e n c in g  

ia au n e  responses  to  in f lu e n x s  v i ru s e s  and th a t  c lones  producing an tibody  

to  d i f f e r e n t  s i t e s  and to  a l t e r e d  e p i to p e s  a re  der ived  f r o a  coaaon  

p re c u rs o r  c lo n e s .
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XI. APPENDIX: ABBREVIATIONS

A-CHO group A s t re p to c o c c a l  carbohydrate

ADCC antibody dependent c e l l u l a r  c y to to x ic i ty

A/J an inbred  aouse s t r a i n

A n / J  an inbred  aouse s t r a i n

Ars p -axophenylarsonata

ATS a n t i - th y a o c y te  serua

BAB.14 an inbred  aouae s t r a i n

BAB.B a congenic a i c e  of BALB/c

BALB/c an inbred aouse strain

BL b a c t e r i a l  l e v a r

B/Lee v i ru s  in f lu e n x s  B /L ee/40 v i r u s

C.B20 an inbred aouse strain

C8 A/J an inbred  aouse s t r a i n

CS7BL/6 an inbred aouse strain

CD-I an inbred aouse stra in

CE/J an inbred  aouse s t r a i n

C3H/J an inbred  aouse s t r a i n

COAT a coaaon id io ty p e  of anti-GAT a n t ib o d ie s

CMI o e l l  a e d ia te d  ia a u n i ty

cpa counts  p e r  a in u te

Dl.LP a congenic aouse s t r a i n  of DBA/1J

DBA/1J an inbred aouse strain

DBA/2J an inb red  aouse s t r a i n

DMSO diaethyl sulfoxide

DNA deoxyribonuc le ic  ac id

cDNA co ap leaen ta ry  s t ra n d  o f  DNA aade of RNA te a p la t e
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DNP 2 ,4 -d in i t ro p h e a y l

DIB d t l i y i d  type h y p e r s e n s i t i v i t y

EID5 0  •** in fe c t io n *  doses

ELISA t u j M - l l a k t d  iaannoabsorbent essay

FCS f a t a l  o a l f  se rn a

OAT a s y n th e t ic  p o lypep tide  of (L-Glu60, L-Ala^O, L-Tyrl°)

OT a s y n th e t ic  po ly p ep tid e  of (L-OU*®, Lriyr^®)

B ohain hoary ohain  of iaan ao g lo b n lin

B-2 n a jo r  h i s t o c o a p a t i b i l i t y  coaplez  o f  aonae

HA h e a a g g ln t in in  g ly c o p ro te in

HA t i t e r  h e a a g g lu t in a t io n  t i t e r

HAT a s e le c t iv e  a e d in a  c o n ta in in g  hypoxanthine, a a in o p te r in  and

th y a id ia e

HbAl A chain  of hoaaa heaog lob in

HbS hnaan s ic k le  o e l l  heaog lob in

HP. h e n 's  egg lysosyae

HI t i t e r  h e a a g g lu t in a t io n  in h i b i t i o n  t i t e r

i** I  a r a d io a c t iv e  iod ine

Id id io ty p e

I d l  in d iv id u a l  id io type

IdX c r o s s - r e a c t i v e  id io ty p e

Ig ia an ao g lo b n lin

Igh-C a l lo ty p e  of isa inaoglobnlin  heavy ohain

J  segaent a DNA s e g a e a t  lo c a te d  between V and C seg eae n ts  of

ia a n a o g lo b n l in  gene 

K b ind ing  c o n s ta n t

KLH keyhole l i a p e t  heaocyanin
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L chain l i g h t  ch s in  of iaaunog lobu lin

LPS l ip o p o ly sa c c h a r id e

Ly-1, Ly-2 c e l l  su rface  a n t ig e n s  of T c e l l s

N p r o te in a a t r i z  or aeabrane p r o te in

NDCI c e l l s Nadin-Darby can ine  kidney c e l l s

MHC a a j o r  h i s t o c o a p a t i b i l i t y  coap lez

MID50 SOB aonae in f e c t io n s  doses

NA n e n rs a in id s s e

ND n o t  done

NI t e s t n e n r s a in id s s e  i n h i b i t i o n  t e s t

NP n n c le o p ro te in

NS n o n - s t r n c tn r s l  p ro te in

PA a c id ic  p o ly a e ra se  (P) p r o te i n  of in f lu e n z a v i ru s

PB1 the  la r g e r  of the  two b a s ic  P p r o te in s  of in f lu e n z a  v i r u s

PB2 the  s a a l l e r  of the  two b a s ic  P p r o te in s  of in f lu en za  v i ru s

PBS phosphate b u f fe re d  s a l in e

PC phosphocholine

PEG p o ly e th y len e  g ly co l

PL/J an inbred  aouse s t r a i n

PR8  v i r u s in f lu e n z a  A/PB/8/34 v i r u s  (HINI)

P3X63Ag8 a a y e lo a s  c e l l  l i n e  of BALB/c o r ig in

BBC red  blood c e l l s

BDE re c e p to r  d e s tro y in g  enzyae

BIA rad io iaaunoassay

BNA rib o n u c le ic  ac id

BNP r ib o n u e le o p ro te in

B I I IS /J an inbred  aouse s t r a i n
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S.D. s tandard  d a v ia t io n

SP2/0 a nyeloaa c e l l  l i n e  of BALB/c o r ig in

SRBC aheep red  blood c e l l s

SW1/J an inbred  nonse s t r a i n

TOP 2 ,4 ,6 - t r i n i t r o p h e n y l

X31 v i ru s a recoab in a n t  in f lo e n z a  v i rn s  

A/PR/8/34 (HINI)

of A /A ich i/2 /68  (H3N2) x
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