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Introduction

Interferons are glycoproteins which induce states of
cellular resistance to viral multiplication. It is now
evident that interferons are capable of other biological
actions such as modulation of the immune response (both
humoral and cell-mediated) (1,2), inhibition of cell division
(3), and suppression of intracellular multiplication of or-
ganisms other than viruses (4,5). Interferons produced by
different cell types can differ in their physicochemical ,
biological, and antigenic properties. Three classes of inter—
ferons are recognized: leukocyte (generally made by cells
of lymphoid origin), fibroblast (generally produced by cells
of non-lymphoid origin) and “immune” or type II interferons
(produced by sensitized T-lymphoCyteS after exposure to the
specific sensitizing antigen). The existence of multiple
forms of interferon suggests that each type may have been
adapted through evolutionary pressures to perform a particular
in vivo function.

The immediate goal of our research is to analyze each of
the different classes of interferons with regards to their
physiochemical, antigenic, and biological properties. Possible
structure to function relationships of each interferon are
being examined through the use of specific anti-interferon
sera to assess the degree of neutralization of different inter-
feron activities in a recently developed quantitative inter-
feron neutralization assay. The resulting antibody neutrali-
zation curves for each interferon activity under study reflects
the relative amount of interferon required for the expression
of that activity , and differences in the slopes of the curves
would indicate different molecular mechanisms involved in the
expression of different activities. The results of these studies
should reveal whether the various biological activities attri-
buted to interferons are mediated through a single site or
multiple molecular sites on the interferon molecule.

In the past year, we have been studying the mechanisms
by which interferons interact with cells of homologous and
heterologous species to induce antiviral resistance. The
results of our studies of the antiviral activities of human
interferons on bovine and murine cells have demonstrated that ,
the interaction of human fibroblast interferon with bovine
cells results in only a partial development of the antiviral
state, and it is totally inactive on murine cultures. On the
other hand, treatment of bovine and murine cells with human
leukocyte interferon results in the full development of anti-
viral resistance, and the resulting dose—response curves re-
semble those observed for human cells.
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Wt.~ have a iso f o u n d  t l ia  t t he ab i I i  ty  of v a r i o u s  mur  i no
i n ter  crons to pro tec t  both human and bovine eel I s  i s  due
to a subspecies of i nu r i n e  i n t e r  foron  w h i ch  is a n t  i ye n  i cal  ly
rel a ted  to hum an leukocy te i nt i~ r fe r on .  Moreover  a t  the t i me
of t h i s  w r i t  i i iy , we have i de n t i  l i e d  Iwo d i s t  i t i c t  b o v i ne  j i l t e r —
t or o n s  wh j ell are  ict  iv t  on human et ’l is .  One 1) I t l l t ’SO l)o\’ ne
i i i t er  t er o i i s  possesses a common u t  i t. J cn ii ’ det t r m i  flint ( s) w i th
human I cuk o c yt e  i n ter f er o n . co ll ec t i ve l y ,  t ho st ’ f i n d  i nqs i n —
d i c~i tc  t ha i  cel ls  f r om  phy loyt n e t i c a u l y d i ve r se  spec i t S  can
synt l i e s  i ze  a class of i n t e r f e r o n  i n o i t c u l o s  w h i c h  ar e  s t r uc t u r -
a l l y  s i m i lar .  Th i s  imp l ies t hat  t h e  ‘jone for  I eukocy to  i n t e r -
f e r o n  has boon r i q i d l y  CofiSt  , v t d du r  i nq t V () 1 u t i on

There s cv i dt ’iict ’ wh i ch it ~qos t s  s i b  1 e i uwiunouiod u  l a—
t o r y  ac t  iv  i t ics t or j u t  t~~r I eteil s both i n  h um or a l  and c e l l u l a r
i n u n u n i  t y .  I i i v c st  i j a t e r s  h ive t t p o : t e d , t h a t  t h p~~n d i n q  on the
I ime i i i  l k h t n t  i t  y ot  1 i i t t ’r t o  i o n  ad in in  is tored  , i n t e r  fe r on s  can

i t h e  r u h a u i c e  1 pi  ~ss the an t ibody  response to a number  of
an t  z ;e:iS 1) . t ) t  h er  St ud i  es have shown t h a t  13— and T— l ymphocy te s
i e l e is t  i i i ’  I I t i e l i S  & I u r i i i q  r p e c i t  ic  m i t oj e n i c  s t i m u l a t i o n s  ( 1 , 6)
I h i e  1’ — 1 ‘~ ii~ hi y t o  p i a y s  a cent  r i  I ro le  i i i  eel —m ed i a ted iiu iuun i t y
and f i l l  m l  ~~ t c i t  ic , n u i t o ; e u m — s t i i i i u l a t e d  t o p 1  i c at i on  of these
ct 1 1 s a im u mbo  i of s o l u b l e  m e d i a t o r s  (1 ymphok i nos) are  r e leased
I rout t h e m .  One u t t hose  lymp hok i nes his been found  cap ab l e  of
i uduc i II~~ mu i v  i i a I i 05 is  lance  in  coil c u l t u re s , and has  been
I c I e i r ed to as “ m i t un u mue  “ i u t  e l  1 e ron ( 7 )  . The i mu m umn e i n t e r  t o  ron
di I I t i  S I i Oi l ,  V 1 l U S—  I ih iuci ti j i l t e r  t o  i OflS in the phys  i cal l o 1)O1~~t i os or i j m  uu a  1 1 y used to clii rae  t o  i- i ~o i nt or fe  r ena and f o r  I hi i s
rea somi  It has been c l as s i  I ied a typ o  II j i l t e r !  oron . Pot ont
n eu tr a l i  Z iX l tJ  a n t i  St r i Spec i t i c  t o y  h um a n  I ouk e cy t o  or f i  b r o bla s t
i n t e r  f e r ou u s  do not ii& u t r a  ii ~o the  a i i t iv ~ r i  ~ ct  i v ity  of human
type I I  i nt er t er on .  A j u s t  p u b l is h e d  report  ( 8 )  has shown t h a t
type I I  i n t e r f e r o n  is re la t ive ly more ac t ive  in suppress ing  coil
d iv is ion  than  type I i n t e r f e r on s  and it is possible t h a t  the
primary function of type 11 interferon is in the suppression of
cell division of other cellular e l e m e nt s  involved i ll  i m m u n i t y
and its antiviral activity may prove to he a secondary p rope r ty .
(~~:le a im  of our research is to f u l ly  ch c ur a c t e u - i ~o t h i s  i n t e r f e r o n
~s to i t s  physicocheiuical and biolog i cal  p r o p e r t i e s .
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I
Met beds

~‘el i s .  The d i p loid  F S—4 sk i n  I i h i o b i  is t  eel 1 st  i a i  n used
in t he s~ t u d i o s  was or i q u na I ly  t ier  i vt ’d I rout a Si mu q I t ’ nt on at  o
oro sk  iii  iii the i ah o r i to iv  et Dr .  T a n  Vi  l eek , N ew Ye t -k  t l i u j v o l s  i t  v .

A st  r i  i n  of hu m an sk i n I i hi  oh l a s t  ~~ ‘ 1 1 t i  i somu it’ I or c l i i  eniosomo
1 , des i ;ti at od  ( M  ~~~~ , was oh t  ii nod Item t hut ’ Mamma l i in  t~~~i i t t j c

t t L l  t a n t  C o i l  Ropes i t o t y  y~’ minde n , N .  I . ) . A I i iu o ot  b o v in e  k i d m u e y
1 I s  ( M I ) U K )  was p 1 ev  ided by D r .  P .  ~ t h u i i  I t R o c k e t  o i l e r  t in  i V t ’ i s  i t  v)

‘[‘lie V t :  RO i i  rio of Al r i cmii ~ i t  en ino iu k ey  k i i i ioy ~‘ t ’ 11 s used f o r  v i t u s
P l a t i n i n t i  w~~; the  k i n d  j i l t  ~~t I n .  ~an V i  l eek , N ew Y o r k  t l n j v e l s i  t y .
A l l  eel Is  W e lt ’  i r o p t i a t e t i  iii E a j  l e ’ s m i n i m a l t ’~~~~~~i u t  j u l  med i t int

M I : r l )  su~p leni en t  ott w i th u  ~ % t o t a I boy i iie s e t t i u i l .

I n i e tt o r o n s  and int ~ — i it t or I eton set a. Human I i i t l i  i st  1”)
i u u l o r t  e ror i  W J 5  pm epa l ed by i i i ~I t ic m i i i  V~ — 4 s k i i u  I i b i o h l , i s t s  by
t Ito super  i n d u c t  i eu me t hod of h ave 1 i and V i  I ~‘ok ( ‘) ) . H u m an
1 eu k oc yt e  ( h E )  i i i  t o t  I e t o i u  was  pi epa rod by D r .  K. Can t  o i l

lIe 1 s i u k  i , F’ j u l amid ) . h i t  1 t 0 l oll  a s says  we t o  done by t lie m e  r o—
t i t er method , A u m s t A onq ( 1  i i )  n; mod 1 I i od by h ive  1 1 antI V i i  c t k

The t i t e r  o t  t h e  h u u i n i u i  I i l u o b l a st  s t . m i u 1 . i id  k;o: ~— i 1 . — 5 2  1)
was t o u u u d  to  be i t s  u s s i ; u i c d  v a l u o  w h en  t i t  r a t e d  eu d i p l o i d

in  I ib r o b l a s t s  and 10 t j utes ~r e at  or w h i t ’ii assa yed on CM .~ ’O4
cu I t  L i l e S  . ‘l’hie i n t e t  t~ l oll U f l  i t  S repe l t ott i n  t hue  t OX t a t o  t •u i u d a  i i
Vt ’ t e l  once u ii i t s/mI based on j u t  r I o m o i i  as s ays  done eu nei ma I
tI I p l o  i d sk i i i  I i hr ob i  u s t  s

Aiu t sera. R a bb it  i i i t  i — h u m a n  F’ se rum was  pi pa m o d  as do—
ser i bed ea r l  i c i  ( I  I )  us i n j  pu r  i I i od i” i m i t  ei  I e t on  ‘ 10 1 n i t  i t  m i
p r o to  i n )  as t h ue  i mm uuuo ~j e n .  ~;h u e e p  u m i t  i — I ’ s e r u m  was  t lie k i n d
l i l t  of D r .  1.. llorecky (hit it i s l a v a , C;’ t ’eli e s l ov a k i a )

i n t e r fe r o n  t i  t r a t i o n s  am id ant i hod~ n e u t  ra i i  .~ m t  i on s .  H u m a n
1~c and F dose respeutse  t f t r a t  ion s  Wore done on cent lu on t
home 1 ogous hu um mma n and h ie te r o l o~iot i s  hot’ I no c u l t  uros  i rown n
F’alcon (Oxn ard  , Ca. ) 3008 mu i t  iwo 1 1 t i s s u e  en i t  t ir e  p l a t e s .
A lt e r  an 18 hour  I uu& ’ubat ion  p er iod  , t lit’ t n t  o i l  t ’ l O I i  WaS t o —
mne vcd a mid the co 1 is were i uuoc u I i t  ed w i t h u  ~es i ctm I a r  st  omi t i t  i s
v i r u s  ~VSV ) In d i an a  Ly p o )  at a m u t t  i 1’l ic  it y ol i f t  oct ion
(Mu l  ) of I. One h r  a I t  e t  the ~idserp t  ion p e r i o d , t lit ’ en I t  u i  os
were  washed 3 t imes  wi iii h ank ‘ s h a l  ~inced s a l t  soT ut  ion  and
were re incubated . Nine  hours  l a t e r  the VSV was h a t v e st e d
and titrated by p l agu i ng  on Vero eel is.  The y iel d s  et  v i  rus
are presented as log~~ i n hib i t i o n  ot VSV / ml wh ich  wore de-
termined by sub t r ac t ing  the 1oq 111 v i r u s  y i e ld  of au j u t  o r—
feron treated cu l tu re  f rom t h a t  ot control  c u l t u re s .

I n t e r fer o n  n e u t r a l i z a t i o n  assays  were done by reac t  i nq
a constant  q u a n t it y  of each i n t e rfe r o n  (~~0 in t er n a t i o na l
reference un i t s/mi)  in an equal volume of serial t o u r — f o l d

--- ——-~~~~~ --
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d ii  Lit j ells of an t  i ser a .  Th ose ml x t u r es  wore  then  incuba tedat 37°C t o r  1 hr and then  p licod ofi the  eel I cu l t  ur es andassayeti  for resi dual i nt er f e r on  ac t  i v i  t i e s  as in the i n t e r —l e t  en dose respum ise assays by means of VSV i n hi b i t i o n.

_ _ _  _  
A~4
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Results

I. Anal ysis of the Antiviral Activities of Human Leukocyte
and Fibroblast Interferort s on Cells of Different Species.

Initially, interferons were characterized as “species
spec i f ic” , because in t e r fer o n s  produced by one particular
species were found to be ac t ive  onl y on cells of tha t  species.
However , as more potent p repara t ions  of i n t e r f e rons  became
avai lable  it was found t ha t  sonic i n t e r f e rons  were capable
of l imi ted  a c t i v i t y  on cells of cer ta in  species. Human leu-
kocyte i n t e r f e r o n, for  instance, was reported to be very
active on porcine and bovine cells , whereas human f i b rob l a s t
i n t e r f e r o n  was shown to be considerably less active on these
cells (12) . Thus , the degree of antiviral activity on cells
of heterologous species has proven a useful parameter for dif-
ferentiating interferons. Several laboratories have also re-
ported that human fibroblast and leukocyte interferons differ
in their ability to induce antiviral activity on human cells ,
in tha t fibroblast interferon was more effective than leukocyte
i n t e r f e ron  in induc ing  a n t i v i r a l  res is tance  on fibroblast
cells (11). In conuparing tile rates of induction of the anti—
viral states of human fibroblast cells by the three distinct
human interferons , it was found that human fibroblast inter-
feron induced the greatest degree of resistance in the shortest
period of time . Type II interferon required a considerably
longer period of time to induce antiviral resistance than
leukocyte interferon (F. Volvowitz , personal communication) .
These findings indicate that the different interferons interact
differently with different cells , and that tissue specificities
may exist for the different interferons .

Little information is available concerning the initial
interaction of interferon with the cell and of the events
that result in the induction of the cellular antiviral state.
It is thoug ht that the first step in the induction of the anti-
viral state involves the binding of the interferon molecule to
a receptor molecule located on the external membrane of the
cell (13 ,14). The appropriate interferon—receptor interaction
results in the tri ggering event that invokes the development
of viral resistance . Since there are distinct classes of
interf eron wh ich d i f fer  in their re la t ive an tiviral act ivi ties
on both homologous (11) and heterologous (12) cells , these
differences in antiviral activities probably reflect different
interactions of the interferons with the cellular receptors on
each cell type .
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In  the pas t  yea r , we have been comp~l r i n g the a n t  i v i  ra 1
act  iv i  t i es  of human l euk o c y te  and t i hr c b l a s t  j u t  e r I e  i ons
Of cells of d i t  fer e nt  species by mean S of i n t e r f er on dose—
response s tud ies . In f igu r e  1 a r t ’ presented the r e s u l t s  of
a log dose—response  study c o m p a r i n g  the a nt i v i ra l  a c t i v i t ie s
of h u m an  l eukocyte  i n te r f er on  on human , b ov i n e , and u t u r i n e
cel l  c u l t u re s .  The ce l l  c u lt u re s  wer e  t i e a t  oil w i t h  d e s i qu a t  ed
qu an t i  t ies  of h u m a n  l eu ko c y t e  i n t e r fer on  (u n i  ts m l )  for  18 h ou r s .
A f t e r  t h i s  the ce l ls  were in f ect ed  w i t h  v e s i c u l a r  s t o m a t i t i s
virus (VSV) at a multi p l i c i t y  of . nf c ct i o n  ~M OI )  of I , the v i r u s
was harves ted  10 hour s  l a te r , a f t e r  a s ing le cycle of m u l t i —
piicat~~oul , and the samp les t i t r a t e d  by p l agu i n g  on Vero c e l ls .
I t  can be SeCIi  t h a t  the r e s u l t i ng  loq dos e—r e sp on se  c u r v e s  fo r
h u m a n  le uk o c y te  i n t e r  f e r o n  on a l l  th ree  types  of eel  is are
r e g u l a r l y  si g iucida l , and t h a t  the  slopes a rc  a l l  a pp r ox i m a t e l y
the same . The s i z n i lar  slopes of the do se— response curves
would sug~icst that the m e c h a n i s m  by which leu k o cyt e  i n te r f e r o n
inouces an t i v i r a l  r e s i s tance  on all three cells is the sante .
The d i s tance  between the curves  r e lfe c t  the r e l a t i v e  SC I l S i —
t i v i t y  of each cell type to the an t i v i r a l  a c t i on  of human
leukocyte interferon. The d i f fer e nc es  in se ns i t i v i t i e s  of the
d i f f er e n t  cel ls  is probabl y an  e x p res s i o n  of the relative
a f f i  n i t v  of the lcukocvte  i n te r f e r o n  f or  each ce l l ’s i n ter f e r o n
receptor sites.

In a s i m i l a r  log dose—r esponse  s tudy  us ing  human f ib r o hi a s t
interferon it was observed tha t  w h i l e  the r e s ult i n q  curve  of
v i rus  j uihi  ibi  t ion was s igmoidal on human cul tu r es , the  dose—
r e sp o n se  curve on the  bovin e ce l l s  was d ra m a t i c a l ly  d i f f e r e n t
~~‘ iqur e  .~

) . The c u r ve  or in h i b i t io n  en b ovine  c o ils  e x h i b i t e d
a plateau at only  1.5 10¼i S of v i ru s  i n h ib it i o n  a t  a l l  f ib r e b ia st
i u u t e r f e u o n  con c e n t ra t i o n s  tes ted  up to 500 i n t e r f e r o n  U n i t s .  In
an i nd e p en d e n t  study we have found that a preparation ef human
f i b rob l a s t  i n t e r f e r o n  t it er i ng  iü~ u n i t s  is inact ive  on m u r i ne
cultures.

The results of these s tudies  reveal  tha t  the a c t ion  of human
leukocyte and fibroblast intorferons Of cells of othc i’ species
are clearly d i f f e r en t .  Human fibroblast j u t  er f er on  iuud uc c s
only a partial state of antivira l resistance on bovine  cultures
at concentrations up to 500 interferon units , and is i n a c t i v e
on murine cells , whereas the dose—response curve for human
leukocyte interferon resembles the sigmoidal curves obtained
on human cells and on murine cells. These observations demon-
strate that human fibroblast interferon is restricted in its
ability to cross the species barrier. This restricted anti-
viral activity could reflect an incomplete interaction of
the fibroblast interferon with the bovine receptor or alter-
natively it could mean that fibroblast interferon may bind
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Figu re 1

Dose—response study of the an tivir al  a c t i v i t y  of human leuk ocyte
interferon on human , bovine , and murine ce L l culture s. Croups
of cell cultures were incubated for 18 hrs with the designated
quantity of interf eron (units/mi) af ter wh i ch the cu l tu res  were
in fected with vesicular stomat it is  virus (VSV) at a l’tO1~l. Ten
hours later the supernatants were collected after a single cycle
of VSV aultiplic at ion and titrated by plaquin g the VSV on vero
cells.
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Figure 2

1ti~se—r~’sponse study 
of the ant l v i  ral a~ t l v i  v of hir un ~ul I i I ~ r e—

b las t  in t e r fer o n  on human and bovin e ce l l s . 
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to a d i s t i n c t  c lass  of eel  l u l a r  receptors .  We have  p r o —
I im i  n a r y  ev idence  w h i c h  i n d ic a t  es t h a t  c u l t u r e d  b o v i n e  kid-
ney eel is s y n t h e s i z e  two species of i n t e r  fe ron s , the m i n o r
one be i r rq  l eu k o c y t e — 1  ike , and the m a j o r  one be ing  a bovine
“ t i b roblast ~’ . These two d i s t i n c t  bovine  in t e r f e ron s  a re ac-
t i ve  on l tuu na n  c u l t u r e s , and the  n a t u r e  of au i t i v i  r a l  a c t i v i  t i e s
expre ssed  by them re sembles  the act ions of t h e  cor r e s pon d i n g
human in ter ft’rons on bovin e cells i . c • , the  b ov ine  f i b rob las t
in tert eron on l y  induces a partial antivira l state on human
cel l s , and the bovine leukocyte—like interferon induces a
f u l l  s t a t e  of r e s i s t ance.

This pas t  year , we h ave deve loped  an e x t r e m ely sen s i t i v e
quantitativ e neut ralization assay which uses diminishing con—
ceuitrations of specific anti— interferon serum w h i c h  are re-
acted with a constant concentration (20 units) ot an i n t e r f e r o n
to d e t e r m i n e  the dcqr ee  of u t eu t r a l i . at i o n  o b t a i n e d  for  a g iven
i n t e r f e r o n  a ct i v i t y . The r e s u l t i n g  n e u t r a l i z a t i o n  curves
reveal  the r e l a t ive  amount of i n t e r f e r o n  requ i red  for  the
p a r t i c u l a r  biolog ical a c t i v i t y  in ques t ion , as well as the
presence  of an t i g e ni c a lly  d i s t i n c t  i n t e r f e r o n  subspecies not
n e u t r a l i z e d  in a manner  s i m i l a r  to o ther  a c t i v i t i e s .  A
d i ff e r en c e  in the slopes of the  n e u t r a l i z a t i o n  curves  for
two d i f fe r e n t  biolog ical ac t i v i t i e s  of all i n t e r f e r o n  would
poss ib ly  mean t h a t  tile two activities cure mediated th rough
a i f f e re n t  molecular  reg ions of the same molecule. Tile a b i l i t y
of an a n t i s e r u m  to n e u t r a l i z e  one a c t i v i ty , but  not ano ther ,
would  suqqe s t  e i t h e r  t h a t  the a c t i v i t y  t h a t  is u n a f f e c t e d  by
the a n t i s e r u m  is due to anothier  f a c to r  or possibly t h a t  the

m o l e c u l a r  s i t e  responsible  for  th i s  a c t i v i t y  resided in a
molecular  region not blocked or d i s t o r t e d  by the an t ibody .

The n e u t r a l i z a t i o n  curves for  human icukocyte  i n t e r f e r o n
obtained by reacting varying dilutions of anti-leukocyte inter-
feron serum and then assaying for the residual antiviral
activity on bovine and two human fibroblast cell strains ,
FS—4 and GM—258 , are shown in F igure  3. It  is impor tan t  to
realize that GM—25 8 cells arc t r isomic fo r  chromosome 21 , and
that this chromosome contains the gene for antiviral resis-
tance. Consequently, cells trisornic for this chromosome have
been found to be 8-10 times more sensitive to interferon than
normal diploid human fibroblasts (FS—4) (15,16)

The biphasic neutralization curve obtained on the human
GM-25$ cells was determined to be due to a small amount of
human fibroblast interferon present in the leukocyte inter-
feron. When anti-human fibroblast serum was added to the
react ion mix tur es prior to incubation with the GM-258 cultures ,
the plateau of protection was abolished and thie resulting
neutralization curve resembled the sigmoidal curves obtained
for human FS-4 and bovine cells (results not shown) . Since
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Figure 3

Anti—hum an leukocyte interfe ron serum neutralization of the anti—
viral of human leukocyte interferon activity on bovine kidney
(~~BK), human diploid (FS—4) and trisoinic (Cl4-258) fibroblasts.
Serial two—fold dilutions of antiserum were incubated with equal
volumes of human leukocyte interferon (20 uni t s /mi)  for 1 hr at
37°C. The mixtures we re then assayed for ant iv iral activity
on the respective cells as in the dose—respons e studies. The
degree of interferon neutralization is expressed as log10 in-
hibition of VSV yi eld.

— - ---- - -- - —.— -- --- -.-—— — ____
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i n t e r f e r o n prepara t ions  f r e q u e n t l y  consist of two an t i gen ic a ll y
d i s t i n c t  i n t e r f e r o n  species (17 , 18) ,  th is  ne u t r a l i z a t i o n  assay
can be used to i d e n t i f y an t i g e n i c a l ly dis t inc t  i n t e r f e ron
species in va r ious  i n ter f e r o n  prepara t ions .

Considerably more an tibody (8-10 t imes)  was required to
n e u t ra l i z e  the  same concen t ra t ion  of human leukocyte  i n t e r f e r o n
on the t r i s om ui c  h u m a n  GM-25 8 cells than  was needed to n e u t r a l i z e
the antiviral activity on human diploid (FS-4) and bovine cul-
tures. Thus , the amount of antibody required to neutralize
a g iven q u a n t i t y  of i n t e r f e r o n  is d i rec t ly  propor t iona l  to the
a c t i v i t y  expressed i . e . ,  the more act ive the i n t e r f e r o n, pro-
p o r t i onatel y more ant ibody is required to neutralize that
act i v i ty . Since the same leukocyte interferon was 8-10 times
more  act i ve on human GM-258 cul tu res , than on e i ther  bovine
cells or human diploid cells ( F S — 4 )  , 8 ti mes more ant ibody
was requi red to neu t r a l i ze  i ts  ac t iv i ty  on human  GM-25 8 cells.

The same re la t ionship  between a c t i v i t y  and antibody-
n e u t r a l i z i n g  t i t er was found when human f i b rob la s t  i n t e r f e r o n
was reacted wi th  d i m i n i s h i n g  concentrat ions of specific an t i—
human f ib rob las t  serum before being assayed on human diploid
(FS-4)  and t r i somic  (GM-2 58) f ib roblas t  cul tures  (Fi gure 4).
The r e su l t ing  n e u t r a l i z a t i o n  curves  of human f i b rob la s t  inter-
f e ron  on both human f i b rob la s t  cell types are s imilar , whereas
the p a t t e r n  of n e u t r a l i z a t i o n  on bovi ne cells is rad ica l ly
d i f f e r e n t  and re f lec ts  the degree of sens i t iv i ty  of the bovine
c u l t u r e s  to human f ibroblast  in t e r fe ron  observed in f igure  2.

11. In Vi t ro  and In Vivo Product ion of Mur ine  In te r fe rons

We have recen t ly  become interested in murine  in te r fe rons
for the fol lowing reason : d is t inc t  murine in te r fe rons  have now
been identified which correspond to the three types of human
i n t e r f e rons. Therefore , th rough  the use of anima l models it
may prove possible to s tudy the possible immunoregulatory
properties of the various in te r fe ron  classes in vivo. The
use of animal  models wi l l  also enable us to e~~~ab1ish the
best dose , route of adminis t ra t ion , and the re la t ive  ef f icacy
of each in te r fe ron  in the treatment of different viral diseases.

A. In Vitro, Interferon Production

Confluent  cultures of murine LPA cells were induced with
varying concentrations of the synthetic polyribonucleotide
polyinosinic-polycytidylic acid (Poly I-Poly C) and DEAE-
dextran for a period of six hours or with Newcastle disease
virus (NDV) at d i f fe ren t  multiplicities of infect ion (MO l) for
1 hour . Following the designated incubation periods , the in-
ducing agents were removed , the cultures washed , and reirucubated
overnite with fresh medium. The culture supernatants were then
collected and acid ified to pH 2 . 0  to destroy virus and 5
days later the samples were returned to neutrality and assayed
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Figure 4

Anti—human fibroblast interferon serum neutralization of the
antivi ral activity of human fibrob 1a~t intvrf eron on bovine
kidney (MDBK), human di p loid (FS—4) , and trisomi c (c.M—258) fibro—
blast cell cultures .
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v i m  mur i n e  and human cells. The data presented in table 1 arethe optimum concentratior s of either poly (I)-poly (C) or NDVfor interferon induction in ~ur strain of L cells . The abilit yof the virus- induced interfero n to cross over on human cells isdue to the pre sence of a subspecies of interf eron in theseprepa ra t ions which-i is anti gen icall y rela ted to human leukocyteinterferon ( 19) .

Table I

IN V ITRO MUR1NE iNTERFERON iNDUCTION

A. Type 1 Interferon

Interferon t i t e rcell In ducj ne ~ A~~!!t ~~~~~~ -
M u r i ne  Human

2O~igs P o ly ( I )  Po ly (C)L cells (LPA) +400itgs DEAR dex tran /mI 8,192 <4

NDV (1101 2) 24,576 12
NDV (1101 20) 16 ,384 8

B. Type Ii Interferon

I n t er f e r on  titer at hour
at  te l  St  IITuTILL t  I& , I1~pleefl cells/mi . PHA /mn l 24 48 72

2xl06 none <4 < 4 (42xl06 4~igs 12 6 244x106 none <4 <4 <44x106 4~igs 24 32 328x106 none <4 <4 <48x106 4~jgs 48 96 96 • _ . _ 
— — - - — - _ . — — _ . _ _ 

— — — — - 
- - — — — — 

_ . __ 
Murin~ type II interferon is being induced by incubati ngspleen cell cultures with the T—celj. mitogen , phytoha emagglu_tinin (PIIA) . Varying concentrations of spleen cells , obtainedby teasing cells loose from whole spleens , were incubated inRPMI medium containing 4~gs PHA , and the cultur e fluidscollected from different groups of cultures at 24 , 48 , and 72 hours .In Table 1, it is shown tha t the larger numbers of cells re-sul ts in higher levels of interferon , with peak levels beingSynthesized between 24 and 48 hrs after exposure to the PHA.This spleen cell interferon was characterized as immune inter-feron by its acid labili ty (type I in terferons are stable in 

-- - - --~~~ 



acid) and the i n a b i l i t y  ot i- d l ) I ) I  t an t  i — I .  eel I i n t oi t O t  Oil ! t ’1 11111
to n ou tr a li~~o its t i n t  i v i r a . I  .ivt i v i t y  (T~t h l t ’ .~

)

T.i1~h ‘

I N I T i A L  CtlARACTER1 :~AT ION OF VAR I 011S MI l E NE I N I i - !~ I : I IEON I ’RI -~~\RA I’ I ONS

I n t e t  t e i oii th - t  l v i  i v  N I ~ U I  i a 1  ~~~ il Ion 1 1 1 1
a t  t o t  

— 
at i t  I ~i~~l j u t  oi l t ’i ( ‘ IT  s o t  tim

I n t e r f c i o n  Source Inthn’1n~ A~eiit. r i t e l  ~ I / ~(i~~ (~~~ on a l i t l v i i  :iI ao l  I v i i

I. ce lls r o I y ~~ ) ‘ol y 1~~ 8, 1’)2 8, bL’ i i . d.  lt)00

S p leen ccl is PIt A ~ 8 ii .  d .

Serum Poly ( I )  •Po1~~tC) 8, I~)2 S. P~.’ I ( ~ 2000

Endotox in 1,024 200 ) .‘ ~00

Soluin f rom BCC
t n t  t’&ted ti t i ce  Old tuber cu .1 in b12 ‘~S .5

a Samp les d i a l y ze d  aga [us t Somensens  ltCL— ~ I ye In c  b u t t  or , pH 2 . 0 , 1 o~ ‘ day s
h Samp i es h ea ted  at ~b°C t Or to m t n t t t  es
C Eec I proca 1 o t the d i  [Ut Lou ~‘ t ant I se rum wl~ I e lm can fl out  i- a ll ~o 20 u n I t s  ol I ut ot I

iii an equal Vt ’ Iuiiie
d Ra bbi t ant  I—m ou se L I nt  e l i  ct-en serum

B. In Vivo Interferon Induction

The in vivo induction of mui- inc t y p e I I iflter I even was
per for med  b yT~i]ect m g  13~’(~ I nt ravenous 1 y m t  o mu ice and
cha I lenq inq t hose animals wit ii 10 jigs ci c hi I uboicu i n  ~oVl’)
at  we ek l y  i mit e rva Is thereat for. Two hen i s  a t  I or i n  i cot ion  ci
the  o’r, the  scra wore eel lecied and assayed i c r  i ut 0) 1 ci on t ’l’aI~l e
Mice i n f e c t e d  with-i 108 13CG produced peak i nt  or fe r o n  I eve I s I n
response to 01’ at 2 weeks of i n i  oct ion , who yeas animals i ni oct c I
with ~~~ BCG produced peak leve l s at 3 weeks. The y I t’lds ci

m inm u imt _’ inter feron obtained by t h i s  me t hod 7 )  appi  each I he 1 t ’Vt ’ i s
of t ype I in t er fe ron induced by i mi t  m avencus i n ~oct ion  ci po i y  I —

poly (C) , and far exceed the levels  ct  t y pe  1 m t  ~~ I eron in—
duced by endotox in (Table 3) . As w i t h  i n  vi t m-c q e n e r at  od
immune interferon , the interferon o b t a i ned  i-t y i n j ect  inq t~Tinto BCG—infected animals was denionst rated t o  be i mmune I nt or—
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feron by its acid lability , plus its stability at 56°C/30 m i n u te s ,
and the inability of anti—L cell interferon serum to neutralize
its antivira l activity (Table 2) . These pilot studies demon-
str .mte that we can induce both type I and type II muurine inter—
ferons in vivo and in vitro.

Table  3

iN VIVO MUR1NE INTERFERON INDUCTION

A. Type I interferon

interferon titer at hou r
i n t e r f e ron induc in g  a f t e r  sO luiul  at ion

I 2 3 4 6 8 24

2Oji ~~ Po L y ( l ) ’P o l y ( C )  192 12 ,288 2 ,048 4,096 254 192 8

2 , j ~~s Endoiox .in 64 374 96 (i4 64 16 4

13. Tv~~ II Interferon

in t erferon Serum interferon
Time ot  BCC Number  of 13CC induc Ing  l i t  or + 2 hr s  pest

I n f e c t i o n  a d m t h i  st  ored 
- 

a~~t ’ i t t  
— 

01’ cha I i  t’n~ c

1 week l0~ 1(~ u~ OT —

10 U

2 weeks IO~ - 
U 512

io8 “ 3072
3 weeks io~ “ 4096

io8 “ 768

C. ~nti~çj~~ mni dial Act ion  of In ter  l e r e n s

Interferon preparations and i n t e r f e r o n  induc ing  agents
have been shown to inhibit the intracellular multipli cation
of organisms other than viruses (4 ,5). I have a lways been
fascinated by the unique replication cycle which chylamydia
undergo within the phagocytic vacuole of host cells , in-
cluding professiona l phagocyt es such as macrophages . In
the last year , I have had the opportunity to establish a
collaborative arrangement with Dr. Gerald Byrne and his
graduate student Constance Rotherme l at the Cornell Medical
School in New York City . These individuals have a murine

— ~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~ 
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L cell system in which they propagate and quantitate chlamydia.
Together , we have undertaken a series of studies to determine
if  i n t e r f e r o n  i n h i b i t s  c hl amy d ia l  growth , and if  so , what
sta ge of the chlamydial multiplication cycle is affected . The
aim is to determine whether the cellular m e c h a n i s m  wh ich  in-
hibits eblamydial multi plication is the same as tha t  wh ich
i n h i b i t s  v i r a l  mul t i p l i ca t ion .

The results of these joint studies thus tar have estab—
lishcd that the growth of a strain of the human  p a thogen
lymphogranuloma venerum (LGV) in mur ine  L cells is inhibited
by pretreating the cells with 300 murine interferon units.
Studies with inhibitors of RNA and protein synthesis clearly
established the need for protein synthesis by the host cell
for the interferon—induced a nt i — c h l am y d i a l  resistance . Other
studies have established that the uptake ci t h e ch i amy d i a  by
the cells is not inhibited by m t  e r fer on .  P r e l i m i n a r y  evidence
indicates that the cellular m echanism w h i c h  i n h i b i t s  multipi i—
cation oil this strain of clilamydia may differ from that which
inhibits virus multiplication . Currently , we ~re p lann inq to
examine the effect of murine type II interferon on the
multi p l ica t ion  of various chal mydia s t r a ins .  E v e n t u a l l y ,
we plan to study the effect of the various huma n i nt er f er on s
on the intracellular multiplication of a number of human patho-
genic strains of C. trachomatis in human ce l l s .

-~~~ -- ~~~~~~~ - - - rr - 
~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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D is cuss ion

The jimmied iate goa l of our studies i s  t he  sy s t e m a t i c
ana l y s i s  of the p h ys i c a l  and b i o l o g i c a l  p ioper t :  ies of tI i t  —

f e r ent  classes  of in te i-fer on s . The combined m esu I ts of the
log dose— response s t u d i e s  and the n e u t r a l  i ~at ion assays  fo r
human leuk ocyt e  and f i l rohlast i u t e r i  e rons  c l e a r l y  demon—
st i-ate t ha t  t l iese two human m t  e~ le t -e ns d i i for in the i m an t  i—
viral .mc t ions on cells I ruin other ~~ ‘ci es . h u m an 1 eukocy I e
i i it  t ’ v t  c i  on c i  os sos t he spot ’ i es ha i i i  ci .-mnd cxci I S U; ~i mi t  i —

vi r~-m l a ct iv  i ty  on co i l s  ci lid e rol  oqous species i n  t h e :;,ii ime
m a n n e r  as on human ce ll s. ‘Pime s imn i la m i t Os i n  t he ant i hody
neut  m - .-i ii :ation omi t-yes f o r  the vat ious ant . iv i r a l  ac t  iv it i es of
human l e u k o c yt e  inter feron suggest t h a t  t h e  express  ion of t he
v a r i o u s  an t i v i ra l  act  i v i  t i es by Lii i s int.ei-fem-on is m e d i a t e d
through th e same mci t ’col lai - m e g  i on  o I I he i li t or l e m o n  mel ecu ie
The differences i i i  s e nsi t  iv  it i os ci t h e  d i ll em ent ccli to
leukocyte inici fe mcii pm ohab ly veil oct d ii 1 e mences in at 1 i iii—
t ies  of the i n to  i t  em-eli I ci ccl I u 1.11 - i ecept ors of cacti  d i I f o m e n t
species .  The m o s t  i i c te d  c.m[’ac i ty ot human t i brobi  ast i m i t e r —
feron to induce ant iv ira!. m es ist ~m m m c e  i n  boy i tie c e l ls  and our
recent  f i tiding t h a t  cite of I he two d I sL i net boy i t-ic I m i t e m -  (even s
induces  a pa r t  i a 1 s t a t e  of an t  i vi i-al m c s  i st amice on hiun ia n en I —
Lures indicates t h a t  t h e m e  is a rccogmm i tion ot t ime hetei-oloqous
c e l l u l a r  receptors by the se two ‘ I i brobl.ist S jut crfcrons . How-
ever , these m riterferons (a i I to conmp i c t e l y  u i  q q c m  the eVe ’flt s
leading  to the f u l l  dove 1 opmemmt of an anti ~ i ra 1 state on hetero lo—
JOUS cel ls .  This  suggest s  t h a t  there may be a two step  mech-
an i sm involved in the development of c e l l  u t a r  an t i  viral i-es i

F tance : an i iii t ia l  i coogni t b i t  and b i n d i ng  ci t he l i tt e r  I evens
to the cellular receptor , and a sul~setlm1ent i i i  qtlev jug ot the
antiviral state . The dog roe ot ccl in I ai yes i st amice ~Ievel  oped
is probably deLermined by the relative molecular interact. ion
between the interferon and cellular m c c e p f or .

The ultimate aim of our resea rch is to determine the
f u n c t i o n ( s )  of each - i n t e r feron  in vivo. Our studie s , as wel l
as t hose of o thers , have clearl~~ cstabli shed t h a t  a s i ngl e
species can synthesize dif ferent interferon molecules which
appear capa bl e of med iat in g a number ci b i o l o g i ca l  (St fed
wh I cii include i mumnun omodu 1 a tory fun c  t ions  and the .ab i l l  ty to
inhibit the multiplication of o b l iga t e  i n t rac e l l u lar  parasites
other than viruses .  It  now appears th a t three classes of
mur ine and bovine in t erf er ons ex i s t  which correlate w i t h  the
three classes of human m t  cut even and a nt iqe ni  c homologies a l so
exist between certain inter t e ro n s  of each species. The f i n d i ng
that human leukocyt e and t ibroblast  int er ierons  d i f f e r  in t hei r
abi l i t ies  to mediate pro t ection on cells of d i f f e r e n t  species
indicates that the molecular interactions wi th  ce l lu la r  receptors
d i f f e r  and this strongly suggests that perhaps each in t e rt er o n
has evolved to perform specific in vivo functions. My decision
to move to the Trudeau Institu te~~urin~ the past year , was

L -
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based ott my des i mc to use my oxpe m t i  ~c i~m j u t  ci  fe  m e u m s  1 o st tidy
t he t e I e e t t lies t ’ inc I ecu Ic s in cc 1 1 u 1 a r i umm u n i t y . The (a c j ii —

t ies a t  tilt? Trudeau l u s t  i tut e wil l allow large scale  pr~~duc—
t ion 01 m u m  inc i mmune i mit em f o m o n  both  i n v it i t ~ and in  v i_ ye .
Time ~iy .i  m lability ci iiii ferent in v i t r o  and expe l i m i m e n t a l  a i m  i ma 1
model y s t ems  be i n~i used to st tid y c t ’ 11 ~~fl1t ‘~i i . u t  ~.‘d i mnmn u n it y w ii I
enab le  us 1 o es t  ab ii sh w h e t h e r  in t e l  t e v on s  ~m r e  ci abe t at ed du t  i m ig

he cou rse  of i ‘cc i t  i c i nunumic mc ~mc t i ens and t o  dot  e m m i  ne t i m e
m e it ’s inter tom outs may i~ 

lay  in  in v iv o pr o t  oct iv ’- ’ t u n ot  i c i m s  . I I
aim t u t  em  [even a ! tcis a m e s p o n s c  i u v i  ye , t h e n , i n v i t  ye svs t cnn;
w i l l  c it a b l e  t h e  i den t  i fication ci 

- t h e  c e l lu lar  comnp¼ ’nem ~t
a t  I cc t ed. Thus , th rough  the m t  eq ra ted  U SO  01 i Fm V I  \‘O modt ’ Is
and cor r e s p o n d i n g  i n  v it r o  an al ys is , i t  w i l l  be p o s s ib l e  t o
detci-mn i ne it inter t ovens t unc t  ion in the regulation et cell—
m e dia t e d  i nmm u n i  ~~

________________ __________ 
TT: . :~~~
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Conclus ions

In t e r f e r o n s  have proven e f f e c t i ve  in the t r e a t m e n t  of a
number of v i r a l  and m a l ig n a n t  d iseases .  The conc i se and sys—
tenia t ie  c h a r a c t e r i zat i o n  of each human i n t e r f e r o n  species as
to i ts  biolog ica l , phys  icochemical , and an t iy en i c  proper t ies
should o f fe r  v a l u a b l e  in s i g ht s  i n to  the poss ible  biolog ical
fun c t  ion of each i n ter fer o n  in  the  h o s t ’ s d e f e n s i ve  mechanism
a g a i n s t  d isease .  Th ose s tud i es should al so hel p to assess
the r e l a t i ve  c l in i c a l  po t en t i a l  of each human interferon.

~~~~~ i fi ca nt  Accomplishments

1. The isolation of a murine interferon subspecies , by
means of antibody affinity using inunobilized anti—human
leukocyte interferon serum , which is antiqenically related
to human leukocyte  i n t e r f e r o n  and is responsible  for  a l l  the
he terologous human a n t i v i r a l  a c t i v i t y  of the un f r a c t i o n a t e d
murine  interferon preparation. We have also i d e n t i f i e d  a
bovine interferon which possesses a n t i genic homology w i th
human leukocyte interferon.

2. The development of a quantitative antibody neutraliza-
tion assay which is being used to determine both the degree
of neutralization and whether the resulting neutralization
curve for a particular interferon activity differs from those
of other interferon activities. In addi t ion  this  assay can
detect the presence of small quan t i t i e s  of an t igen ical ly
distinct interferons which would not normally be detected by
conventional antibody neutralization assays.

3. The large scale production of human , bovine, and murine
interferons. These interferons will enable the continuation
of our physical and functional analysis of interferons and be
used for immunization purposes .

4 . In a collaborative study with investigators at Cornell
Medical School we have found that interferon treatment of cells
in culture inhibits a strain of chiamydia ( LGV) and that the
cellular mechanism which inhibits this obligate intracellular
parasite niay d i f f e r  from the one which inhibits virus multipli-
cation.
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‘( 1 . Ab~ t r at - t — cont  I mine d

f~ ron nt -u t  r al  I at  I on  a aa :m v  was daVe 1 oIled wit i ch m u s e S  di  m i n i  si t  j u g  Coflc’ i f l —

rat i on  a of ~poc i t Ic  a n t  i — in t a r fo  ron serum t o  aL t S S  t ) t t ~ 0e~~ r i o  of m u —
t r a I l  ~‘ .mt  ion of each ii I ol og I cal  at - ivi t v . The r a s i u l  t i f lg  n eu t  r a i l / a t  ion
t- s l r v es  r ef  I a c t  t i m i ’ r e l a t i v e  qua nt I tv of I t i r f e r o n  rt ’q t I  i red for  t i t i ’  a x—

p re as ion of each ai t i v  i t  v , a l l  ow t i m e  -on m ~~;Ir i son of si Opt s , and & ‘nab Ic  the
~L t eat  I on of ant  i gen i t -a l i v  d i a l  Inc  t 1)11 or fi ron sub~ pc’ ci  i S  p u - ascii t in  the
in t e r  fa  i- on 

~ 
1ipz ira t ion . l’Iic ant i bo~b’ u ien t  r a i l - a t  ion cur\’a s fo r  humaii I cu—

ko~-v t  e j u t  i r  fer omi  a n t  i viral a - ( t l e a  on Imomo l o~~t ’lt s human and het er o l  ogous
b o v i n e  c u l t u r e s  wer e  s i m i l a r .  he r e s u l t s  of s i m i l a r  st u d i es  u s i n g  sp~~c i f i  c

a n t i b o d y  to  n e u t r / m l i / e  hum an f ib r o b i a s t  interferon z i n t i v i r a l  a c t i v i t i e s  on
lium ;mn and boy i mie Ct i i  s rovea it’d t lma t not  on 1 v was Ii brob l a s t  i n t e r  feron
las s  a c t i ve  on bovin e ccl  i s , b u t  t h e  s l o p e  of t i t i  n e u t ra l  i / a t i o n  t-u rve on
bov ine  t ’eI Is d i  f ft ’r t ’d  f r o m  t h a t  on hum an i-u i  t u r e s .  ‘I’I mi s f i n d i n g  suggest s
t imat  t i m e  mode of a c t  ion of h u m a n  f I br ob last i n  t i  r fe ron on bovi tie at u s
differs from that on h uman ccl is.

rc\

S/N 0102. LF .O11. 6601

SCCURITY CLASSIPICATION OP THIS PAGC(W~ WI D.i. I.r.d ~

I 

k _ A
- -.—-

~~~~ - —~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .. - -~~~~~~~~~~~~~~~~~ -—-.,--.- —~---—-



-

~~~~~~~~~~~~

-d

• Append ix  3 ( 1)

OFFICE OF NAVAL RESEARCH
MICROBIOLOGY PROGRAM

STANDARD DISTRIBUTION LIST

Num ber of Copies:

( 12 ) Administra tor, Defense Documentat ion Center
Cameron Station
Ale xandria , VA 22314

( 6 ) Direc tor, Naval Resear ch Laborator y
Attention: Technical Information Division
Code 2627
Washing ton , DC 20375

( 6 ) Code 102D1 (ONRL DOC)
Office of Naval Research
800 N. Quincy Street
Arlin gton, VA 22217

( 3 ) Office of Naval Research
Depar tment of the Navy
Code 443
800 N. Quincy Street
Arlington , VA 22217

( 1 ) Commanding Officer (Code 00)
Naval Medical Research & Develo pement Command I
National Naval Medical Center
Bethesda , MD 20014

( 1 ) Naval Medical Research & Development Command
Code 46
Na tional Naval Medical Center
Bethesda, MD 20014

( 2 ) Technical Reference Library
Naval Med ical Research Ins titute
National Naval Medical Center
Bethesda, MD 20014

( 2 ) Office of Naval Research
Code 200
800 N. Quincy Street
Arl i ngton , VA 22217

(1 ) Offi ce of Naval Research Branch Officer
Building 114, Section D.
666 Summer Street
Boston, MA 02210 -

Enclosure (3)
7/24/78

_ _  -. - - --- .. - -~~~~ 



— -- ~~~ - , . ~~T’ ~~ L~~~ - ’ - . r

- 
i ) ~~~~~~ i X  H (2)

STAN ~ 7~~D D IST R I B U T ION L IST ( Cont ’d)

N~r~~er of C~~ i e s :

( 1 ) Office of Naval Research Branch Off ice
536 South Cl ar k Street
C hi cago , IL 60605

( 1 ) Office of Naval Research Branch Off ice
1030 East Green Street
rasa~ ina , CA 911 06

( 1 ) Co~~anJing Off icer
U. S. Naval ~~Jica 1 Research Unit ~2
Box 14
APO , San Francisco 96263

( 1 ) Comma nd ing Of f i c e r
U. S. Na val ~ed ica l Researc h Un it # 3
FPO, NY 09527

( 1 ) Officer in Charge
Submar ine ?‘edica l Research Labora tory
U. S. Naval Subr~arine Base , New London
Groton , CT 06342

• ( 1 ) Scientific Library
Naval Biosciences Laboratory
Naval Supply Center
Oakland, CA 94625

( 1 ) Scientific Library
Naval Aerospace Medi cal Research Instit ute
Naval Aerospace Medi cal Center
Pensacola, FL 32512

( 1 ) Comander, Naval Air Deve1op~’ent CenterATTN : Code 6003
Uarminster , PA 18974

( 1 ) Comanding General
U. S. Army Medical Research & Development
Comand

Fort Detrick
Frederick , MD 21701
ATTN : MEDDH-Sr

2

Enclosure (3)

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
A



Appendix B(3)

STANDARD DISTRIBUTIO N LIST (Cont’d)

Number of Coples:

(1 ) Director of Life Sciences
Air Force Office of Scientific Research
Boiling Air Force Base
Washington, D. C. 20032

(1 ) STIC-22
4301 Suitland Road -

•

Washington , D. C. 20390

(1 ) Director
Walter Reed A m y Insti tute of Research
Waiter Reed Army Medical Center
Washington , D. C. 20012

3

Enclosure (3)

Lu ~~~~~~~~~~ • 
_ _ _ _


