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A B S T R ACT 

I n  New Zealand mal ignant ovlne lymphoma i s  a low­

-prevale nce , sporad i c  d i s e a s e  a f fecting s heep 4 years and 

o lder . The aet io logy of the � i s e a s e  i s  unknown but a 

previous s tudy showed that when ce l l - fre e extrac ts of ovlne 

lymphoma s were inoculated into in utero and new-born lamb s 

they de ve loped a p e r s i stent lymphocyto s i s  and cell-mediat ed 

immun ity to the lymphoma extrac t s . Furth ermore, part i c l e s  

interpre t e d  a s  viru s - l ike were o b s e rve d by e lectron 

micro s copy in phytohaemagglut inin - s t imulated lymphocyt e s  

from th e s e  sheep . Th i s  the s i s re port s the cont inued 

inve s t i gation of s p o radic ovine lymphoma inc luding it s 

immuno l o g ical characterisat ion and a s e arch for evidence of 

c onvent i onal retrovirus e s . 

T e chn ique s for the detection o f  T c e l l - spe c i fic 

antige n s , s urface immuno globul in , c ompl ement re ceptors and 

Fe receptors on lympho cyte s  from the b l ood and me s enteric 

lymph nodes  from normal sheep were e s t ab l i shed and range s 

o f  va l u e s  for T and B c e l l s  det e rmine d . The use o f  a naphthyl 

acetate e s terase ( ANAE ) as a spec i fi c  marke r  for sheep T ce l l s  

was inve st igat e d . N o  corre lat ion was found betwe en T 

lympho cyt e s  and ANAE -po s it ive c e l l s; 

C e l l s  from 1 7  cases  o f  lymphoma were characterised for 

the pre s ence of T c e l l  ant igens and s u rface immuno globul in , 

mark e r s  for T and B c e l l s  respe c t i ve ly . S even ca s e s  were 

T ce l l  and 6 we re B cell in origin ; i n  one case c e l l s  

d i sp laye d  both marke rs and i n  another there were s imilar 

numb e r s  of both T and B c e l l s ; the c e l l s  from the remaining 

2 ca s e s  had ne ither marker . 

An appare nt correlation was found between the patho ­

anat omical c l a s s i f i cation of the d i s e a s e  and the immunological 

orig in o f  the lymphoma . All the T c e l l  lymphomas were of 

mult i c entric d i s t ribut ion , whereas 4 of the 6 B cell  neoplasms 

were c onfine d  to the al ime nt ary t ract and i t s  as sociat e d  

lympho id t i s s u e . There wa s no corre l at ion betwe en the 

c e l l u l ar morpho logy of the lymphoma s and whether they were 

T or B c e l l  in orig in . 

E l e ctro n  micro s copy o f  s e veral o v ine lymphomas and 

the i r  s u spens ion cultures re ve a l e d  only a few nonbudding 



l l l  

part ic l e s  with the d imen s ions o f  retroviru s e s . Smaller 

ves icular structure s we re s e e n  as s o c i at ed with ce l l s  from a 

s ingle s u spens ion culture and in c ontro l c ulture s but the s e  

were c o n s idered unl ike ly t o  be o f  v iral origin . 

Att empts were made t o  e s tabl i s h  cont inuous c e l l  cultures 

derive d from o v i ne lymphomas . Th e s e  i ncluded the culturing 

o f  lymphoma c e l l s  e i ther over normal f ibrob last "feeder" 

mo nolayers in var ious combinat ions o f  me dia and s era , or ln 

s imp l e  suspens ion cu lture s . Alt ernat i vely , lymphoma t i s su e  

wa s u s ed in pla s ma c lot explant c u l t ure s . Limited succe s s  

occurred only with the p l a sma clot exp lant cult ure s wh ere 

cel l s  from one lymphoma s urvived 2 pas sage s . S everal 

fibro b la s t  ce l l  l ines  derive d  from the lymphoma exp lant 

culture s have been deve loped and pa s s aged over 2 0  time s . 

To det e ct the pre se nce o f  retroviru s e s  in a variety o f  

material s derive d from o vine lymphomas , 2 b iochemical 

technique s we re u s e d . The first invo l ved the as say o f  culture 

supe rnatant s for 3H uridin e - l abe l l e d  virus in den s ity 

gradients , and t he second the s earch for RNA-dependent DNA 

po lymera se ( RDDP ) act ivity in variou s  pre parat ions . Four 

ovine lymphoma c e l l  suspe ns io n  culture s were assayed for the 

pro duct ion o f  RNA- containing virus part ic l e s . Trit iat e d  

uridine was added a t  the t ime t h e  cul ture s we re e s tab l i shed 

and the me dia harv e s t e d  after 9 6  hr . The pe llet s obtained 

fo l l owing d i f ferential ultracent rifugation were centri fuged 

through 1 5  t o  6 0  percent s ucro s e  grad ient s and fract ions 

o f  t he grad ient we re as sayed for a c i d -prec ipitable rad io ­

act iv i ty . Although radiolab e l l e d  mat erial wa s de t e c t e d  at 

den s it i e s  of 1 . 1 5 to 1 . 1 8 gm per ml in preparat ions o f  2 

lymphoma culture s ,  normal lymph node cultures yielded 

s imilar re s ul t s .  Radio labe lled mat erial treate d with 

s o di um dodecyl su lphat e and s e d iment e d  through a sucro s e  

gra d ient had a s e dime ntat ion value o f  approximately 7 S . 

No h i gh mo l e cu l ar we ight RNA c o n s i s tent with that o f  

retroviruse s wa s found . Furthe r  experime nts us lng normal 

ovine fibrob l a s t s  l e d  t o  the c o n c l u s ion that the radio labe l l ed 

mat erial de t e c t e d  in the 1 5  to 6 0  pe rce nt sucro se grad ient 

wa s probably s lowly s e dime nting c e l lular RNA . 

The RDDP a s say wa s performe d o n  ultrace ntr ifuge d 



pre parat ions from me dia o f  lymphoma and norma l lymph node 

cultures , and Rou s  sarcoma and bovine l e ukaemia virus e s  

lV 

were u s e d  as p o s it ive c o ntro l s . Incorporat ion of 
3

H 

thymidine t ripho s phate into ac i d - insoluble material was 

det e c t e d  in 4 of 1 6  ovine lymphoma culture s but was al so 

fo und in mat e r i a l  from control lymph node culture s . Little 

variation in incorporat ion kinet i c s  could be evinced by 

altering the as s ay condit ions , and the o b s e rved act ivity was 

not a s s o c iate d w i th, a particle o f  de n s ity 1 . 1 5 gm per ml . 

Furthermore , RDDP cou l d  not be de t e c t e d  in prep arat ions 

from the homogenat e s  o f  6 lymphomas . I t  was  concluded that 

the act ivity o b s e rved in both the lymphoma and contro l 

lymphocyte preparat ions was not due t o  RDD P . 

Depre s sed responsiven� s s  py lympho cyt e s  to non spe c i f i c  

mit o g e n s  has b e e n  a s s o c iated w i t h  infe ctions  b y  retroviru s e s  

i n  othe r s p e c i e s .  Howeve r , there were no d i fference s 1 n  

re spon s e s  t o  phytohaema gglutin i n  b y  lympho cyte s from 

lymphoma-ino cu l at e d  and control sheep . 

Although c onvent ional re troviru s e s  have not been 

cl early demo n s trat ed in as soc iat ion w ith s poradic ovine 

lymphoma in the s e  experiments , the fa i l ur e t o  detect v irus 

doe s  not rule o ut the pos s ib i l ity of retrov ira l invo l vement 

at s ome s tage o f  lymphomage ne s i s . The development of more 

s e n s it ive t e chn ique s mi ght allow the det e c t ion of low leve l s  

o f  v i rus o r  viral n uc l e ic acid s e que nce s within ce l l s . 
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dens ity gradient c en trifuged a t  2 4 3 , 0 0 0  

0 
g for 4 hours at 4 C 1 2 5  
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P R E F AC E  

The a n imal lymphoma s that are used a s  re s earch mode l s  for 

human lymphomas and leukemia s have , in mo st cas e s , a 

retrov iral aet iology ( Kaplan , 1 9 7 8 ) . Although the s e  

mo de l s  provide a framework f o r  human studie s , the ir 

re l evanc e  could be que s t ioned b e c au s e  there i s  l it t l e  

ep idemi o l o gical ev idence f o r  the hor i z ontal transmiss ion and 

hence for the invo lvement of an infect ious ag ent in the 

human d i s e a s e s  ( Kap lan , 1 9 7 8 ) . Other anima l lymphomas 

s uch as s poradic bovine lymphoma ( Burny et aZ ., 1 9 7 8 ; 

Kettmann et aZ. , 1 9 7 8 ) , can lne lymphoma ( Onions , 1 9 8 0 ) and 

a certain proport ion of fel ine lymphoma s ( Franc i s  et aZ. , 

1 9 7 9 )  are report e d  in which retroviru s e s  are not de tected 

as �ea d i l y  a s  tho s e  o f  the convent ional l aboratory speci e s . 

The s e  may be o f  importanc e in e stab l i shing whether or not 

retrov iru s e s  have a ro le in the human lymphopro l i ferat ive 

d i s orde r s . 

I n  New Ze aland , s poradic ovlne lymphoma i s  a low-prevalence 

lympho i d  neo p lasm which ha s not been ob s e rved to occur l n  

s p e c i f i c  are as or flocks ( John s t one , 1 9 7 4 ) . As i t  wa s o f  

unknown a e t i o logy , Johnstone et aZ. ( l 9 7 9 a )  attempted t o  

t ran s mi t  t h e  d i s ease b y  inoculat ing in utero or new-born 

l amb s with c e l l - free extract s o f  the neop lasm . The init ial 

res ult s were encouraging , in that a p ers i stent lymphocyto s i s  

deve l o p e d  in 1 9  o f  the �8 sheep i no c u lat e d . E l ectron 

mlcro s co p y  of phyt ohaemagglut in i n - s t imu lated lymphocyt e s  

from the s e  sheep showe d unenve l o p ed part i c l e s  8 0  to l O O  nm 

in d iame t e r  which we re int e rp r e t e d  a s  b e ing viru s - l ike by 

the author s . The s e  part i c l e s were s e e n  in large cytoplasmic 

vacuo l e s but budding forms we re not found . C e l l -mediat e d  

immunity t o  c e l l - free extrac t s  o f  o v i n e  lymphoma s was 

demon strated in the sheep showing p e r s i s t ent lymphocyto s i s  

and t h i s  was considere d further e v i de nc e  in s up port o f  a 

viral a e t i o l o gy ( Johns tone et aZ. , l 9 7 9 b ) . However , detectab l e  

lymphoma s d i d  not deve lop i n  a n y  o f  the s e  animal s ( Johnstone , 

unpub l i shed dat a ) . 

The a im o f  the experiment a l  work report e d  in this the s i s  

on sporadic ovine lymphoma was t o  inve s t igat e further th i s  

d i s e a s e  both as a n  ent ity in it s e l f  and as a p o s s ible model 

for lymphoma s in man . The r e s e arch involved immunological 



and viro l o g ical inve st igat i o n s  and i s  reporte d  here 1n 2 

sections . The f i r s t  o f  the s e , Sect ion A ,  de scrib e s  the 

appl icat ion of i mmunolog i c a l  and cytochemical methods t o  

XVl l  

the ident i f icat i o n  o f  ovine T and B cell s . After ascerta ining 

the re l iab i l it y  o f  the s e me t ho d s with lymphocyte s from 

normal shee p , they were t h e n  app l i e d  to a number of ovine 

lymphoma s .  

The s e cond s e ct i o n , S e c t ion B ,  report s on e xperime nt s  

t o  clari fy whether or n o t  a retroviru s i s  a s soc iat ed with the 

di s ea s e . I n  addition to the e lectron micro s copic e xaminat ion 

o f  neopl a s ms for virus and att empt s at estab l i shing 

long- term s us p e n s ion cultur e s ,  other e xperimental pro ce dure s 

were a pp l i e d  t o  e nhance the s e n s i t ivity o f  re troviral 

detection in lymphoma s and the ir culture material s and to 

prov ide i n format i o n  about the nat ure o f  any part icle s 

i s o late d .  The s e  e xperime n t s included attemp t s  to det e c t  

RNA-containing part i c l e s  a n d  t o  ident i fy RNA-directed 

DNA polymerase i n  pre para t i o n s  from sporadic ovine lymphomas . 

F i nally , the mit o ge n i c  r e s p o n s iven e s s  o f  blood lympho cytes 

from the lymphoma - inoculat e d  sheep o f  Johns tone et al. ( l 9 7 9 a )  

we re compare d .  with those o f  norma l sheep a s  altere d  

re spons e s  coul d be con s i de r e d  indirect e vidence for 

re troviral infe c t io n  ( De nt , 1 9 7 2 ) . 
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C H A P T ER 1 

L I T ER AT U R E  R E V I E W: L Y M P H O C Y T E  C E L L  S U R F A C E  

P H E N OT Y P I N G A N D I T S  A P P L I C A T I ON T O  

L Y M P H OM A S  A N D L E UKA E M I A S 

INTRODUCTIO N  

The rec ognit ion o f  T and B lymphocyt e s  b y  the ir phenotypic 

charact e r i st ics has  aided the inve s t i gation of  the normal immune 

system and has provided a b e t t er unders tanding o f  the mal ignant 

lympho i d  d i seas e s� Thi s  rev1ew there fore has 2 a s pe ct s . 

Firstly , i t  con s iders the immun o l o g ical and cytochemical 

ident if i c at ion of lymphocyt e s , and s e condly , it reviews the 

app l i cat i o n  of ce l l  surface markers t o  the human and an imal 

lymphoma s and leukaemias . Th i s  approach a ims t o  place the 

e xperimental wo rk d e s cribed in t h i s  the s i s  into the overall 

cont e xt o f  mammal ian lymphoma re s e arch . 

PART 1 :  THE IMMUNOLOGICAL AND CYTOCHEMICAL IDENTIFICATION OF 
LYMPHOCYTES 

Lympho cyte s  show differe n c e s  in their s urface structur e s  

( Tab le 1 )  and i n  their phy s i c a l  ( Tab le 2 )  and cytochemical 

propert i e s  ( Table 3). Whi l s t  the phys ica l and cyt ochemical 

propert i e s  t end not t o  be a s s o ciated e xclus ively with a s in g le 

lymphocyt e s ubpopulat ion , the c e l l  s urface feat ure s are o f  

value in the ident ificat i o n  o f  T a n d  B lymphocyt e s . Re cent ly , 

att ent ion has fo cu s e d  on the cyto chemical ident i ficat ion o f  

the s e  c e l l s . a s  a n  a lternat ive t o  immuno l o g ical t e chnique s .  

A .  IMMUNO LO G ICAL IDENTIF ICAT I O N  O F  T AND B LYMPHOCYTE S 

The c e l l  surface markers wh ich are u s e d  t o  define lymphocyt e 

s ubpopu l at ions are detected by reagent s wh ich ident i fy receptors 

and other c e l l  surface feat ur e s  t hat are membrane speciali s at i on s . 

S ome o f  t he s e  are acquired or l o s t  during the proce s s  o f  c e l l  

d i fferent iat ion and reflect change s in lymphocyte function . 

The s e  cha n g e s  account , in par t  for the cons i derable het erogene ity 

of markers found within the T and B c e l l  s ubpopulat ions 

( Winche s t e r  and Kunkel , 1 9 7 9 ) . 



Presumed 
cell type Sig 

B + 
B + 
B + 
? 
?K cell 
?K cell -
T -

T -
T -
T -
T + 
T 
T 
Monocyte + 

TABLE 1 

HETEROGENEITY OF MARKERS ON HUMAN 
LYMPHOCYTES (FROM DWYER, J976) 

IgGFc EA-ox EA-hu EAC EBV E E-Rh 

+ + - + + 
- - + 
+ 

+ 
+ 

± + ± 
- - - - - + -
- - - - - + + 
- - - - - + 
+ + 

+ 
+ + 

+ + 
+ + + + 

Sig : surface membrane immunoglobulin 
IgGFc : receptor for aggregated IgG 
EA-ox : receptor for antibody-coated bovine erythrocytes 
EA-hu : receptor for antibody-coated human erythrocytes 

Anti-T 
E-hu Sera 

- + 

+ + 
+ 

EAC : receptor for erythrocyte-antierythrocyte antibody-complement complexes 
EBV : receptor for Epstein-Barr virus 

E :  receptor for sheep erythrocytes 
E-Rh : receptor for rhesus monkey erythrocytes 
E-hu : receptor for human erythrocytes 

+ 
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TABLE 2 

PHYSICAL PROPERTIES DISTINGUIS HING HUMAN T AND B 
LYMPHOCYTES (FROM HAYWARD AND GREAVES, 1977) 

T B References 

Adherence of acrylic acid polymer beads 

to lymphocyte surfaces + Jondal {1974 } 

Adhe rence to nylon - I ± +/++ Brown and Greaves 

( 1974)  

01arge ( --- ) > ( - ) Durandy et al. ( 19 7 5 )  

Cell s urface proj ections 

(scanning electron microscopy) + < ++ Polliack ( 1978 )  

Density > Yu et al. ( 1973 )  



TAB LE 3 

CYTO CHEMI CAL I DENTIFI CATION O F  HUMAN T LYMPHO CYTE S ,  

B LYMPHO CYTE S AND MONO CYTES ( FROM TAYLOR , 1 9 76 a )  

CAE ANAE ACP 

T cell - ± - - >++ (a) 

B cell - - - - >++ (b) 

Monocyte ± +++ +++ 

CAE: chloroacetate esterase 

ANAE: acid alpha naphthyl acetate esterase 

ACP : acid phosphatase 

MGP : me thy 1 green pyronine 

G WC :  beta glucuronidase 

PAS : periodic acid S chiff 

(a) convoluted T cell lymphoma , T AI..J., 

MGP G WC 

- - >++ (c)  ++ 

- - >++++ (c)  
-

- - >+ -

(b) B lyrnphocyte usually negative , plasma cell positive 

PAS 

- - >++ (d)  

- - >++ (e)  

- - >++ 

( c )  generally positive in dividing cells , or in immunoglobulin secreting cells such 
as plasma cells 

(d)  S �z ary  cell characteristically positive 

(e)  lymphocytes secreting carbohydrate IgA 

O'l 



1 .  THE IDENT I F I CAT I O N  O F  T LYMPH O CYT E S  

T lymphocyt e s fromanumber o f  s pe c i e s  can be ident i f i e d  

e ither by t he ir ab i l it y  t o  f orm non immun e  ro s et t e s  with 

xenogene 1 c  erythrocyt e s  or by the u s e  of T cell - s p e c ific 

ant i s era . 

( i )  Erythroc yt e  ( E )  Ro sette Format i on 

7 

Human T lymph o cytes b ind sheep erythrocytes t o  form r o s ett e s  

( Br ian e t  aZ.� 1 9 7 0 ; Lay e t  aZ.� 1 9 7 1 ;  J ondal e t  aZ.� 1 9 7 2 ) . 

The T lymphocyt e s  o f  s pe c ie s  other than man a l s o  b ind erythrocyt e s , 

u s ually o f  xenoge n e i c  or1 g 1n . Tab le 4 s ummar i s e s  the s e  

c omb inat ions . 

The fact ors i nf l uen c i ng E ro s et t e  f ormat ion have been 

r e viewed by Dwye r  ( 1 9 7 6 ) , Tay lor ( 1 9 7 6 a ) , Winche s t er and Ro s s  

( 1 9 7 6 ) ,  Lukes e t  aZ.� ( 1 9 7 8 )  and St e in ( 1 9 7 8 ) .  The range o f  

n o rma l value s re corded for human E r e s e t t ing lymphocyt e s  may 

be a r e f l e ct ion o f  d i f ference s in t e ch n i que and hence there have 

b e e n  r e commendat ions for the ir standard i s at ion ( Aiut i  e t  aZ.� 

1 9 7 5 ) . 

A number o f  procedure s  have been d e v e loped t o  stab i l i se the 

E r o s et t e . For examp l e , neuraminida s e  treatment o f  erythrocyt e s  

e nhan c e d  rosette format ion b y  human ( We in er e t  aZ.� 1 9 7 3 )  and 

c at t le lymphocyt e s  ( Grewal e t  aZ.� 1 9 7 6 ;  Hi ggins and Stack , 1 9 7 7 ) .  

The bind ing betwe e n  erythrocyt e  and lymphocyte may be strengthened 

b y  the exposure of more react ive s it e s  o r , fol lowing the tre atment 

o f  lympho cyt e s , more c e l l s  may be recru i t e d  with the removal of 

immuno g l obulin bound via F e  receptors ( Warner , 1 9 7 4 ) . Grewal and 

Bab iuk ( 1 9 7 8 ) report e d  st i l l  higher value s of E r o s et t e s  in c at t l e  

whe n  erythrocyt e s  were treated with t h e  s ulphydryl reagent 

2 - amino - ethy l i s othiouronium bromide hydrobromide (AET )  and the 

r e s ett ing was carr i e d  out in the pre s e n c e  of dextran and F i c o l l . 

AET -treated she e p  erythrocytes a l s o  s t ab i l i s e d  human T c e l l  

r o s et t e s ( Kaplan a n d  C lark , 1 9 7 4 )  a s  d i d  t h e  pre sence o f  

d extran ( Brown e t  aZ.� 1 9 7 5 ) .  Dextran a lo n e  lS reporte d  t o  

enhance rosette format ion with catt l e  ( Wardley , 1 9 7 7 ; B inns , 

1 9 7 8 ) ,  sheep , p i g  and goat lymphocyt e s  ( B i nns , 1 9 7 8 ) .  F inally , 

the use  o f  papain-treat e d  erythrocyt e s  with guinea pig ( Wi l son 



TABLE 4 

SPONTANEOUS ERYTHROCYTE ROS ETTES FORMED WITH 
T LYMPHOCYTES OF DIFFERENT S PECIES 

Lymphocyte E rythrocyte Refe rences 

Guinea pig Rabbit Stadecker et a Z . ( 19 7 3 )  

Guinea pig Rabbit Wilson and Gurner ( 1975 ) 

Rabbit Rabbit Wilson et aZ . ( 1975a) 

Cat Guinea pig Cockerell et aZ . ( 19 7 6a) 

Cat Guinea pig Mackey ( 1977 ) 

Ibg Guinea pig Bowles et aZ . ( 1975 ) 

Ibg Human Bowles et a Z . ( 1975 ) 

8 

Pig Sheep Escaj adillo and Binns ( 19 7 5 )  

Pig Sheep Salmon (1979)  

Goat Sheep Binns ( 19 7 8 )  

Cattle Shee p G rewal et aZ,  (1976 ) 

Cattle Sheep Paul et aZ . (1979 } 

Buffalo Shee p Kaura et a Z . ( 1979 ) 

Horse Guinea pig Tarr et aZ . ( 197 7 }  

Owl monke y Sheep Wallen et a Z . (1973 } 

Rhesus rracaque Sheep Terrell et aZ . (1977 ) 



9 

and Gurner , 1 9 7 5 ) ,  rabbit ( W i l s on e t  al . �  1 9 7 5 a )  and human 

lympho cyte s  ( Wi l s on e t  a l . � 1 9 7 5b ) enhanc e d  ro s ett e formation 

in cont r a s t  t o  s imilar manipulat ion s w ith the cat ( Mackey , 

1 9 7 7 ) .  

The me chani sm and biolo gical s ig n i f i canc e  o f  rosette 

formation are unknown . Owen and Fanger ( 1 9 7 4 )  have sugge sted 

that the re c eptor o n  the lymphocyte is  a glyco prot e in . 

Ro s ett e f ormat ion 1 s  inhibited by ant i - T  c e l l  ant i s era wh ich 

ind icat e s  that the s e  r e ceptors are part o f , or are local i s e d  

near T c e l l - sp e c i f i c  structure s ( Wort i s  e t  a l . � 1 9 7 3 ) . 

S ub s e t s  o f  E res ett in g  ce l l s  can b e  ident ified by the 

pre sence of Fe r e c eptors for IgM and I gG ( Moretta e t  a l . , 

1 9 7 5 ,  1 9 7 7 ) , by the presence o f  comp lement ( C )  receptors 

( Ch iao e t  a l . , 1 9 7 4 )  or by the degree o f  a ffinity for erythrocyt e s  

that T c e l l s  have under subopt imal r e s et t ing c ondit ions 

( Wybran and Fudenberg ,  1 9 7 3 ;  Bore lla and Sen , 1 9 7 5 ; Tani guchi 

e t  a l . , 1 9 7 6 ) .  The ident i ficat ion of t h e s e  s pe c ific E 
re s ett i n g  s ub s et s may further de f ine a p art icu l ar T c e l l  

lymphoma or leukaemi a . 

( i i )  T Lymphocyt e - Specific Ant i g e n s  

Allo ant i s era t o  T c e l l  ant igen s provide t h e  mo st s p e c i f i c  

way of ident i fying the s e  c e l l s . I n  the mouse over 4 0  d i fferent 

geneti c  l o c i  have b e en found t o  code for membrane a l loant igens 

( Mc Ke n z i e  and Pott e r , 1 9 7 9 ) .  

As a ll oant i s era are generally not ava i lab l e  for outbred 

an imal s , heterologous ant i-T cel l ant i s era have been prepared 

for a number of s p e c i e s  includ ing the mous e  ( Sh ingeno e t  a l . , 

1 9 6 8 ) ,
-

rat ( Waksman , 1 9 7 1 ) , rabb it ( S e l l , 1 9 7 9 ) , chi cken 

( S ch l e s inger , 1 9 7 2 ) ,  cow ( Waksman , 1 9 7 1 ) ,  she e p  ( Bohs et a l . , 

1 9 7 6 )  and humans ( A i s e nberg e t  a l . , l 9 7 3 :  Aiut i  and Wigzell , 

1 9 7 3 ; Greaves  and Jano s sy ,  1 9 7 6 ; Che s s  and Sch lo s sman , 1 9 7 7 ) .  

A s  the s e  ant i s era are generally rai s e d  against lymphocyt e s  

expres s in g  both funct ional and different i at ion heterogeneit y , 

t hey are unab l e  t o  d i s criminate T c e l l  s ub s et s  o r  betwe e n  

thymocyt e s  a n d  mature T lymphocyt e s  ( Che s s  and S chlo s sman , 

1 9 7 7 ) .  I n  ·the human , this lack o f  s p e c i f i c ity has been 



part ial ly overcome with impr o ve d  s ub po pu l at ion s e parat ions 

and ab sorpt ions of ant i s era with aut o logous lymphoblastoid 
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B c e l l  l ine s , t o  the extent that h e l per and su ppre s sor T c e l l s  

can b e  ident i f ied ( Evan s e t  a l . ,  1 9 77 )  and that thymo cyt e s  

can b e  d i s cr iminat ed from mature T lymphocyt e s  ( Che s s  and 

S ch l o s sman , 1 9 77) . 

The prob l ems of s pe ci f i city are overcome by t he u s e  o f  

monoc lonal ant ibodie s wh ich c a n  b e  u s e d  t o  det ermine both the 

level of d ifferent iat i o n  and the funct ional ro le o f  the 

lymphocyt e  ( Gu pta et a l . ,  1 9 8 0 ; Re inherz and S chlos sman , 1 9 8 0 ) . 

The d i s s e ct ion of the T lymphocyt e sub po pulat ion into s ub s e t s  

b y  thi s t e chno logy is o f  value in t h e  eval uat ion o f  lympho id 

d i s e a s e  ( Borowit z e t  a l . , 1 9 8 1 ; Cro s ier and Beard , 1 9 8 1 ) . 

2 • .. THE IDENTI FI CAT I ON OE B LYMPHOCYTE5 

B lymphocyt e s  are i de nt i fi e d  b y  the ir sur face immunog lob ­

u l in, by t he ir rece ptors for the Fe port ion of the I gG mol e cule 

and for fragments o f  act ivat e d  c om plement , and ·by the pre s e nce 

of B lymphocyt e - s pe c if i c  ant i ge n s . 

( i )  Surface Immuno globulin ( S ig ) 

Readily dete ctable S i g , act ing as a r e c e pt or for s pe c ific 

ant igenic det erminant s ( Naor and Suli zeanu , 1 9 6 7 ;  Byrt and Ada , 

1 9 6 9 ;  V it ett a and Uhr , 1 9 75 )  lS the hal lmark o f  the B 

lymphocyte . A subpo pu la t i o n  o f  lymphocyt e s  bearing membrane­

bound S i g  was f irst det e ct e d  by Mol ler ( 1 9 6 1 )  and s ince then 

Sig h a s  been d et e cted o ri lympho cyt e s  from a number o f  s pe c i e s  

including t h e  mou s e  ( Ra f f , 1 9 70 ) , ch icken ( Rabe l l ino and Grey , 

1 9 71 ) , rat ( Avrameas and G u i lbert , 1 9 71 ) , gu1nea p1g ( Davie 

et a l . ,  1 9 74 ) , rabbit ( Pe rn i s  e t  a l . , 1 9 70 ) , cat ( Taylor e t  a l . , 

1 9 75 ; Mackey , 1 9 77) , dog ( Zander �t a l . ,  1 9 75 ; Ke l ly , �9 8 0 ) , 

she e p  ( Ey ,  1 9 73 ;  Beh and Las ce l le s , 1 9 74 ;  Symon s and Binns , 

1 9 75 ; Cah i l l  e t  a l . , 1 9 78 ) , pig ( Salmon , 1 9 79 ) , cat t le 

( Mu s co pl at e t  a l . , 1 9 74 a ) , buffalo ( Kaura e t  a l . ,  1 9 79 ) , 

rhe s u s  macaque s ( Terre l l  e t  a l . , 1 9 77) an d man ( Klein e t  a l . , 

1 9 6 8 ; Coomb s  e t  a l . , 1 9 6 9 ; Fro land e t  a l . , 1 9 71 ; W i l s on and 

No s sa l , 1 9 71 2. 

S i g  can be detected by ant i - immunoglobulin ant i s era l abe l le d  
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with fluor e s c e in ( Johnson et al,, l 9 7 8 ) ,  rad i oact ive i s ot op e s  
( B ankhur s t  and Warner , 1 9 7 1 )  or e nzyme s (Aiut i e t  a l . , 

1 9 7 5 ) ,  or by t he mixed ant i g lobtil in ros e tte t e s t  ( Ha l lberg 
e t a Z . , 1 97 3 ) . 

The r ange of v a lues re corde d for Sig-b e ar ing lymphocyt e s  
r e f l e ct s , i n  p art , t h e  d i f f i c u lt i e s  a s s ociat e d  with reagent 
s p e c i f i c i t y  a nd whe ther or not t h e  immunoglobu l i n  dete c t e d  
lS int r ins i c  t o  t h e  c e l l  or s imp l y  cytophi l i c . A numbe r  
o f  author s i n c l ud ing Aiut i et a l .  ( 1 9 7 5 ) , Pre ud1homme and 
Lab aume ( 1 97 5 ) ,  S ie gal ( 19 7 8 )  and Luk e s  e t  al . ( 1 9 7 8 )  have 
d i s cu s s e d  t h e  prob lems as sociat e d  with det e ct i ng Sig by 
immunof luore s c ent method s , with the latter 2 papers conc en­
t rat ing on the r e l e v ance of the s e  to the s t udy of lymphoma s 
and leukaemias . 

Winch e s t e r  e t  a l .  ( 1 9 7 5 � ) , Horwit z and Lobo ( 1 9 7 5 )  and 
Kumagai e t  a l .  ( 1 9 7 5 )  showe d that the Sig on many I gG ­
pos it ive non- T lymphocyt e s  was not intr ins ic but was adherent 
through Fe r e ceptor s . The s e  c e l l s  b ind I gG a v i d l y  ( Kurnick 
and Grey , 1 9 7 5 )  and appear t o  b e  a s ub s et that med iat e s  
ant ibody- d e p e ndent c e l lular cytot oxit y  ( Horwit z and G arre t t , 
1 9 7 7 ) .  The immunog l obulin adh e r e nt t hrough Fe re c e ptor s  
o r  otherwi s e  not int r ins i c  t o  t h e  ce l l  may b e  r emov e d  by 
short - t e rm c u l t ur e  i n  s erum- fre e  med i um or by e n z ymat ic 
s tripp ing o f  t h e  c e l l s  ( Horwit z and Lobo , 19 7 5 ; Luk e s  et a l . ,  

19 7 8 ) .  
Anoth e r  s ourc e  of art i fact s derive from t h e  f luore s cent 

r e agent s  whe r e  aggre gat ion may occur , or immune c omp l exe s 
form with e it h e r  c ont aminant homologou s s erum or with 
s olub le ant i gens deriving from the ab s orpt ion proce dure s .  
The s e  . aggre g at e s  or comp l e x e s  w i l l  adhere t o  the lymphocyt e 
v i a  the Fe r e c eptor and shou l d  b e  prevent ed e ither by u s ing 
F ( a� ' ) 2 fragment s for fluore s c e in labe l l ing , or by f i l t e ring 
or cent r i f u g ing t h e  ant i s era b e fore u s e  ( Winch e s t er e t  a l . , 

l 9 7 5 a ) . 
Even i f  t h e s e  t e chni c a l  art i fact s are avo i de d , t h e  B 

c e l l  or i g in o f  a lymphoma or l e ukaemia c an be shown only 
when the i d i ot yp i c  monoc lona l i t y  of the S ig has been 



demons trated ( S i e gal , 1 9 7 8 ) .  

( i i )  Re c e p t o r s  for Comp leme nt Comp onent s ( C  re ceptor ) 
R e c e p t o r s  for cert a in fragment s o f  act ivat e d  comp lement 

comp onent s are found on lymphocyt e s  ( B ianco e t  al. � 1 9 7 0 ) , 

p o l ymorph s , mono c yt e s , e o s inoph i l s , bas oph i l s  ( Brown and 
Greave s ,  1 9 7 4 )  and ma s t  c e l l s  ( Sher and M c int yr e , 1 9 7 7 ) .  

Mo s t  lympho cyt e s  bearing C r e cept o r s  a l s o  have Sig ( Ro s s  
e t  al. � 1 9 7 3 ) . Howeve r , s ome E r o s et t ing c e l l s  a l s o  have C 
r e c e p t o r s  ( Sh evach e t  al . � l 9 7 4 ;  Ch iao e t  al. � 1 9 7 4 )  and may 
b e  immat ure forms o f T lymphocyt e s  ( Gat e in e t  al. � 1 9 7 5 ; 
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St e in and Mue l l e r -Herme l i nk ,  1 9 7 7 ) . C r e c e p t o r s  hav e been found 
on cyt o t o x i c  T c e l l s  ( Pe r lmann , 1 9 7 6 , c it e d  by S t e in ,  1 9 7 8 )  

and o n  s ome non-T ,  non- B l ympho cyt e s  ( Ro s s , 1 9 7 7 ; S i e gal , 1 9 7 8 ) .  

Although C r e c e p t o r s  are pre s e nt on d i fferent t ype s o f  
lympho cy t e s , t he recep t o r s  f or s p e c i f i c  c omp l ement c omponent s 
may b e  u s e fu l  i n  ident i fy ing s ub s e t s  within s ubpopulat i ons 
( Ro s s  and P o l l e y , 1 9 7 5 ;  S t e i n ,  1 9 7 8 ) . 

C r e c ept o r s  are det e c t e d  by_u s ing I gM - coated erythrocyt e s  
that form erythr o cyt e - ant i b o dy comp lement ( EAC ) ro s e t t e s  with 
C r e c e p t o r- b earing c e l l s  ( Wi nch e s t e r  and Ro s s , 1 9 7 6 ) , indire c t  
immuno f luore s ce nc e  ( Ro s s  and Po l le y , 1 9 7 5 )  and the u s e  o f  
zymo s an part i c l e s that act i vate c omp l ement by t he alt ernat ive 
pathway t o  form z ymo s an- comp l ement ( Z C )  comp l exe s ( Mend e s  e t  

al . � 1 9 7 4 ; Kaj dac s y  - B a l l a  and Mend e s ,  1 9 7 6 ) .  The s e  comp lexe s 
have proven u s e ful in doub l e  marke r  s t ud i e s ( Bankhurs t  e t  al. � 

1 9 7 8 ) . 

The nat ure and funct ion o f  C r e c e p t o r s  are unknown de s p i t e  
cons i d e rable re s earch ( Kat z ,  1 9 7 7 ) .  B e c a u s e  C r e c e p t ors are 
found on a range of lympho c yt e s , the ir det e ct ion on c e l l s  
from l ymphomas and le ukaem i a s  shoul d  be o n l y  one o f  a bat t ery 
of marker s  for lymphocyt e ident i f i cat ion . 

( i i i )  Re c e pt o r  for t he Fe Port i on o f  I gG (Fe Recept or ) 
The re c e pt or for t h e  Fe prot ion of I gG i s  found on mo s t  

non- T lymphocyt e s , s ome normal ( Ba s t e n  e t  al. � l 9 7 5 ;  Arbe it 
e t  al. � 1 9 7 6 ;  B ankhur s t  e t  al. � 1 9 7 8 )  and act ivat e d  T ce l l s  
( Yo sh i d a  and Ande r s son , 1 9 7 2 ) ,  mono c yt e s  ( Huber et  al . � 1 9 6 8 )  

e o s inoph i l s , granul ocyt e s  ( Lay and Nu s s enzwe i g , 1 9 6 8 ; Gupt a 
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e t  a Z . , 1 9 7 6 c ) and s ome neoplast i c  c e l l s  ( Tonder e t  a l , ,  

1 9 7 4 ) . Lit t l e  s pe c 1 e s  s p e c ificity by the receptor has been 

o b s e rved in an imals o r  man ( Dickler , 1 9 7 6 a ) . 

F e  recept ors are det e cted by aggre gated ant ibody ( D ickler , 

1 9 7 6 b ) , erythrocyt e - ant ibody ( EA )  comp lexe s ( Ha l lberg e t  a l . , 

1 9 7 3 ) , I gG - c o at e d  lat e x  p art i c l e s  ( S j oberg and Inganas , 1 9 7 9 ) , 

ant i gen-ant ibody comp le xe s  ( Arbeit e t  a l . , 1 9 7 6 ; Winchester 

and Ro s s , 1 9 7 6 ) ,  or  an ind irect aggregat e  bind ing a s say 

( S ie gal , 1 9 7 8 ) .  In the s e  t e chn iques the crucial factor for 

bond s t ability b etwe e n  the immunog lobulin and its receptor 

is that the ant ibody mu s t  be e it her comp lexed with an 

ant i ge n  ( Basten e t  a Z . , 1 9 7 2 )  or heat -aggregat ed ( Di ckler , 

1 9 7 6b ) . 

The nat ure o f  the Fe receptor i s  unknown . Ras k  e t  a Z .  

( 1 9 7 5 )  i s o lat e d  a 6 5 , 0 0 0  dalton g lycoprote in with a h i gh 

affinity for aggregat e d  I gG . The receptor i s  d i s t inct from 

other membrane c ompone nt s  inc lud in g  S i g , compl ement re ceptors 

and h i stocompat ib i l it y  ant igens , but may be c l o s ely as s o c iat ed 

with the I a  ant i gens ( D i ck ler , 1 9 7 6a ;  Dwyer , 1 9 7 6 ) .  

Apart from a role i n  ant ibody-dependent c e l lular 

cyt otoxicity b y  " ki l l e r " ( K )  c e l l s  ( Horwit z and Garrett , 

1 9 7 7 ) the funct ion o f  the Fe receptor i s  unknown ( Mo l ler and 

C ort inh o , 1 9 7 5 ;  Kat z , 1 9 7 7 ) .  

As S i g  i s  the mo s t  r e l iab le marker for B lymphocyt e s  the 

det e ct ion of Fe recept ors is u s e fu l  on ly in ident i fying ce l l s  

with l it t l e  o r  n o  S i g . Thi s  1 s  the cas e with s ome chron i c  

lymphocyt i c  l eukaemia s  ( Augener e t  a Z . , 1 9 7 4 ) and diffu s e  

"hi s t i o cyt i c "  lymphomas ( Ko z iner e t  a Z . , 1 9 7 7 ) .  

( iv )  B Lymphocyt e - Specific Ant igens 

B lymphocyte ant i ge n s  have been s t udied exten s ively in 

the mous e  ( fo r  review Kat z , 1 9 7 7 ; McKen z ie and Potter , 1 9 7 9 )  

and t o  a le s s er extent , in man ( Winche s t er and Kunke l ,  1 9 7 9 ) .  

A group of ant i gens e xpre s s ed pre ferent ially o n  human B 

lymphocytes and monocyt e s  has been dete cted by alloant i s era 

from mult iparous fema l e s  ( W inche ster et a l . , · 1 9 7 5 ) , and the s e  

ant i ge n s  may b e  analogous t o  the murine I a  ant i gens ( Fr ie dman 



e t  a l, 3  1 9 7 7 ) .  It h as b e e n  sugge s t e d  that heteroant is era 
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t o  B lymphocyt e s  are a l s o  direct e d  against I a ant i gens 

( Ni e de rhuber and Mo l ler , 1 9 7 2 )  and s uch s era have been used 

i n  the mou s e  ( Raff , 1 9 7 1 )  chicken ( McArthur e t  a l . , 1 9 7 1 ) , 

rabbit ( Chou e t  a l . ,  1 9 7 7 )  and man ( Greaves and Brown , 1 9 7 3 ) . 

Although I a  ant igens have been found on both T and B 

c e l l s  ( Fre linger e t  a l . , 1 9 7 4 )  they occur ln h i ghe s t  

concentrat ions on peripheral B lymphocyt e s  ( Shre ffler and 

David , 1 9 7 5 ; McDevitt e t  a l . , 1 9 7 6 ) . De s p it e  s ome crit ic i sm 

o f  the ir appropriatene s s , the B lympho cyt e / Ia ant igens have 

b e e n  u s eful in the c l a s s ificat ion o f  human acute lymphoblastic 

l e ukaemias ( Mann et  a l . , 1 9 7 9 ) . 

3 .  OTHER MARKERS OF T AND B L YMPHO C YT E S  

A number o f  other markers have been used t o  ident i fy T 

and B ce l l s  o f  man . O f  the T ce ll marker s , s pontaneous 

rhe s us monkey E ro s et t e s  form w ith normal T and n euraminidas e ­

t r e at e d  non-T c e l l s  ( Lohrmann and Novikov s , 1 9 7 4 ) . However , 

c e l l s  from s ome chronic l ympho cyt i c  leukaemia ( CL L )  pat ient s , 

pre s umably B ce l l s , wer e  found t o  form rhe s u s  E rosett e s . 

Human erythrocyt e s  wil l r o s ette with human thymocyt e s  

( Baxley e t  a l . ,  1 9 7 3 )  a n d  a proport ion o f  human T ce l l s  

( Kap lan , 1 9 7 5 ) .  The l e ct in He l i x  p oma t i a  A haemagglut inin 

binds t o  n euraminidas e -tr eated T lympho cyt e s  o f  man 

( Hammarstrom e t  al. ,l 9 7 3 )  and cat t l e  ( More in e t  a l . , 1 9 7 9 ) .  

Human B ce l l s  have receptors for the E p s t e in- Barr 

v irus in their c e l l  membrane s  ( Greave s e t  a l . , 1 9 7 5 )  and a 

numbe r  o f  heterologous E ro settes form with B c e l l s  o f  the 

rabbit ( rat erythrocyt e s ) , rat and mous e  ( rabb it erythrocyt e s ) 

( Bragan za e t  a l . , 1 9 7 5 ) and human ( mouse erythrocyt e s ) 

( Gupta e t  a l . ,  1 9 7 6 a , b ) . The mou s e  E rosette that forms with 

h uman B lymphocyt e s  ident ifies  B c e l l s  e ar ly in the ir ont o geny 

( Gupta e t  a l . , 1 9 7 6 a )  and is used for d i fferent iat ing CLL 

from certain n onro s e t t i n g  lymphos arcoma ce l l  l eukaemias 

( Ko z iner e t  a l . , 1 9 7 7 ) .  

4 .  " NULL" L YMPHO C YT E S  

" Nul l "  c e l l s  are a funct ionally and phenotypically 



heterogeneous popu l �t ion o f.  lymph ocyt e s  th �t c �nnot be 

c l as s ified as e ither typ ic �l T or B c e l l s  (D ickler , 1 9 7 6 a) .  

They may or may not have a combin at io n  o f  I a  ant igens and 
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Fe and C receptors . Some " nu l l "  c e l l s  are involved in 

ant ibody �dependent c e l l ular cytotox i c it y , whi l st other s 

be aring I a  ant i ge n s prob ab l y  repre s ent different e arly s t ag e s  

of B ce ll di fferent i at ion ( Che s s  and Schlos sm an ,  1 9 7 7 ) .  

B .  C YT O CHEMI CAL I DE NT I F I CAT ION O F  T AND B L YMPHO C YTES 

Lympho cyt es c ont ain lys o s om al e n zyme s ( We i s smann and 

Dukor , 1 9 7 0 )  whos e  b i ol o g i cal funct i o n s  are undet ermined . 

Att ent ion h as recent l y  b e e n  focu s e d  o n  u s ing the pre s ence o f  

the s e  e nzyme s for the cyto chemical i dent ificat ion o f  T and 

B lympho cyt e s  in t i s s ue s e ct ions and c e l l  smears as a pr act ical 

alternat ive t o  immuno l o gi c al methods . The s e  enzyme s inc l ude 

acid pho sphat a s e , S g lucuronida s e , S glucosaminidase and a 

n aphthy l  acetate e s t er as e  ( ANAE ) ( Tab l e  3). 

1. Ac i d  Pho sphat a s e � B Glucur onid as e � B G luco s ami nida se 

Tam aoki and E s sner ( 1 9 6 9 )  app l i e d  c ytochemi c al t echniqu e s  

f o r  the s e  3 enzyme s t o  s e ct ions of lymphoid t i s sue s . They 

demons t r ated a d i fference i n  distr ibut ion of cells  showing 

e nzymic act ivit i e s  and concluded th at t h e s e  enzyme s may 

ident i fy c e l l s  that were preferent i a l l y  found in the thymu s ­

dependent areas o f  the lymphoid org an s . Dockre ll e t  a l . 

( 1 9 7 8 ) ,  us ing the immuno f luore s cent d et e ct ion of S ig t o  

ident i fy B ce l l s , confirmed the s e  re s u lt s . However , the 

evidence that the s e  cyt o chemi cal act ivit ies  are unique to T 

c e l l s  i s  s omewhat dub ious as the thymu s - dependent areas o f  

lympho i d  t i s s ue s al s o  c ont ain B lymphocytes ( de Sous a, 

1 9 8 1 ) . Furthermore , Weh inger and Mob ius ( 1 9 7 6 )  found th at 

ac id pho s phat as e  and S glucuronidas e  act ivit i e s  were ne ither 

un ique t o , or invar i ably pre s e nt in , E r o s ett ing T c e l l s , 

b ut may repre s ent a funct i onal s t at e  o f  the ce l l . The l ack 

o f  corre l at ion between cyto chemical and biochemic al act ivit i e s  

was further demon s t r at e d  by T anaka ( 1 9 7 9 )  who found th at B 
c e l l  lys at e s  had a h i gher act ivity o f  the s e  en zymes than d i d  

T c e l l  lys at e s . 



Although the s pe c i f.i c ity o f  �cid phos phqt a s e  for T 

lymphocyt e s  has been cha, l l en ged 1 this en zyme has been u s e d  

t o  d iagn o s� T acut e  lymphob l ast i c  leukaemia ( Cat ovsky 

e t  a l . ,  1 9 7 4 , 1 9 7 8 b ) and convo luted T c e l l  lymphoma ( St e in 

e t  al. , 1 9 7 6 ) .  However thi s marker 1 s  uns at i s factory with 

other lymphomas ( Mi cheau and Be lpomme , 1 9 7 8 )  or with human 

lymphob l as t o id cel l l ine s ( Parker e t  a l . , 1 9 7 8 ) .  

2 .  Ac id a Naphthyl Ac etate E s terase ( ANAE ) 
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Non s p e c i fic e s t eras e s  were first detected 1n human 

l ymphocy t e s  by Lake ( 1 9 7 1 )  and re cent ly , ANAE act ivity has 

been sugge sted as a s p e c i f i c  cytochemical marker for both 

murine ( Mu e l ler e t  a l . , 1 9 7 5 ; Ranki e t  a l . , 1 9 7 6 )  and human 

( Kulenkamp f f  e t  a l . , 1 9 7 7 ; Horwit z e t  a l . , 1 9 7 7 ; Gros s i  

e t  a l . , 1 9 7 8 ;  Know l e s  e t  a l . , 1 9 7 8 ;  Manconi e t  a l . , 1 9 7 9 ;  

Ferrari e t  a l . , 1 9 8 0 )  T lymphocyt e s . Evidence for the 

s p e c i fic ity of ANAE act i vity for human T c e l l s  has come from 

lymphocyt e fract ionat ion ( Horwit z e t  a l . , 1 9 7 7 ; Gros s i  e t  a l . , 

1 9 7 8 ; Knowles e t  a l . , 1 9 7 8 ) and double marker studie s 

( Ferrar i  e t  al . , l 9 8 0 ) . Furthermore , ANAE-po s it ive c e l l s  are 

l o c a l i s ed in the thymu s - dependent areas of lymphoid organs 

( Horwit z �e t  al . ,  1 9 7 7 ; S eymour e t  a l . , 1 9 7 8 ) , are mat ure 

T- c e l l s  in the peripheral c irculat ion as few thymocyte s  

s how s uch act ivity ( Ku l e nkampff e t  a l . ,  1 9 7 7 )  and may be 

s pe c if i c a l ly T he lper lymphocyt e s  ( Gro s s i  e t  a l . , 1 9 7 8 ; 

Manconi e t  a l . , 1 9 7 9 ) . However , Yang e t  a l .  ( 1 9 7 9 )  

demonstr at ed that n e ar l y  5 0  percent o f  human C recept or­

bear ing lympho cyt e s  were a l s o  ANAE-po s it ive , a res ult at 

variance with other s t ud i e s  ( Horwit z  e t  a l . ,  1 9 7 7 ; Know l e s  

e t  a l . , 1 9 7 8 ; Ferrari e t  a l . , 1 9 8 0 ) . 

ANAE act ivity has n ot b e en found r e li ab l e  as a T c e l l  

marker 1 n  species  other than man and mous e . Yang e t  a l .  

( 1 9 7 9 )  s howed that a proport ion of bovine S i g-po s it ive , 

C re ceptor-bearing l ymphocyt e s  were ANAE-po s it i ve . Fos s um 

( 1 9 7 8 ) found that rat B lymphocyt e s  showed ANAE act ivity 

a lthough Dockre l l  e t  al. ( 1 9 7 8 ) had demonstrat e d  ANAE ­

po s it ive c e l l s  in thymu s -dependent areas o f  lymphoid t i s s ue . 

Final ly , ANAE activity was shown not t o  be spe c i fic for T 

c e l l s  o f  the cat or gerb i l  ( Dockre ll e t  a l . ,  1 9 7 8 ) .  
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ANAE has - be e n  det e ct e d  in human lymphomas and leukaemias 

( Ku lenkampf f  e t  a l , , 1 9 7 7 ;  Know1es e t  a l . , 1 9 7 8 ;  Sundstrom 

e t  a l . , 1 9 7 8 ;  Knowle �  e t  a l . , 1 9 7 9 ;  P inkus e t  a l . , 1 9 7 9 ) . 

Whi l st a s ingle int e n s e  fo cal s pot o f  act ivity appears t o  

ident i fy E re s et t in g  c e ll s , s ome B ce l l  lymphomas show a 

granular d i st ribut ion of act ivity ( Pinkus e t  a l . , 1 9 7 9 ) . 

However , not all  T ce l l  lymphomas wou ld h ave been ident ified 

e xc lus ive ly by ANAE act ivity ( Knowles  e t  a l . , 1 9 7 9 ; Pinkus 

e t  a l . , 1 9 7 9 ) . Knowle s e t  a l .  ( 1 9 7 9 )  c ont e nd that the 

u s e fulne s s  of ANAE s t a ining may not be from the direct 

i d e� ifi c at i on of a T c e l l  lymphoma , b ut from the det erminat ion 

of the s t age of T c e l l  maturat ion at wh i ch the neoplas t ic 

pro c e s s  o c c urred . 

C .  CONCLU S I ON 

The r e s u lt s  from the u s e  o f  immuno lo g ical and cytochemical 

markers for ident i fy i n g  the immunolog i c al ori g in of lymphomas 

and leukaemias have o n ly been al luded t o  in this  part o f  the 

r e v iew . The fo l lowing part wi l l  examine 1n more detail 

the immunological charact erisat ion of the s e  neoplasms and 

conclus ions are drawn at the end of t h i s  chapter about the 

pertinence of the s e  markers to lymphoma r e s earch . 

PART 2 :  THE IMMUNOLOGICAL CHARACTERISATION OF LYMPHOMAS AND 
LEUKAEMIAS 

Lymphomas and lymphoid leukaemia s  are neoplast ic , 

monoclonal expan s ions  of c e l l s  that mimic the s urface 

charact e r i st i c s  and e c otaxic behaviour of the ir normal 

progenitors . The immunological chara c t e r i sat ion o f  these 

d i s ease s us ing t e ch n i q ues previous ly out l ined has been of 

b e n e fit t o  the unde r s t anding of the ir p athogene s i s  and has 

g iv en ins ight s into the different iat i o n  and maturat ion o f  the 

n orma l lympho id c e l l  ( Cat ovsky e t  a l . , 1 9 7 8 a ;  Greave s and 

Jano s sy , 1 9 7 8 ;  S e l i gmann e t  a l . , 1 9 7 8 ;  S i lverstone e t  a l . , 

1 9 7 8 ; Greave s , 1 9 7 9 )  ( Figure 1 ) . The r e fore , s t udies in 

other s p e c 1 e s  are r e l e vant to the immuno lo gical charact eri sat ion 

o f  sporad ic ovine l ymphoma 1n that they may by compari s on 

p rovide e xplanat ions for the behaviour o f  the neoplastic 
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lymphocyt e in the sheep . 

Most o f  the l i t erature on c e l l  marker stud i e s  focu s e s  

on human lymphoma s arid l e ukaemias ,  but there are report s 

for the neoplas t i c  lympho id disea s e s  o f  chickens ( Cooper 

et al . � 1 9 7 4 ) , rat s ( Take ichi et al . � 1 9 7 9 ) , guinea p i g s  

( Shevach e t  al. � 1 9 7 2 a ;  Rhim and Gre e n , 1 9 7 7 ) ,  rhe s u s  

macaqu e s ( Ho lmberg e t  al. � l 9 7 8 )  mice , dogs , cats , catt le 

l9  

and sheep . Thi s  s e ct ion reviews the h uman dat a  and eva luat e s  

the report s conc e rn ing t h e  latter 5 s pe c i e s . 

A .  THE IMMUNOLOG I CAL CHARACTERI SAT I O N  O F  THE NON-HODGKIN ' S  

L YMPHOMAS AND LEUKAEMIAS OF HUMANS 

The import anc e  o f  c e l l  marker studi e s  o f  human lymphomas 

and l e ukaemias has not been confined to an appreciation o f  

the ir pathogene s i s , but i s  o f  pract i c a l  relevance t o  the ir 

diagno s i s , progno s i s  and class ificat i o n  ( Berard e t  al. � 

1 9 7 6 ) . In re c e nt year s the older h i s t olo gical clas s i f icat ions 

wh ich were based o n  inaccurate theor i e s  o f  lymphocyte 

der ivat ion and d if ferent iat ion , have been re- evaluat e d . 

More rat ional c la s s ific at ions cogn i z ant o f  the immunological 

character o f  t he s e  ne oplasms have been propo s e d  ( Tab le 5 )  

and i n c lude the Luke s - Co l l ins , ( Luke s and Col l in s  1 9 7 4 ,  

1 9 7 7 ; Luke s , 1 9 7 8 ;  Luk e s  and Parker ,  1 9 7 8 ;  Luk e s  e t  al . � 

1 9 7 8 ) ,  Kie l ( Ge rard-Marchant e t  al. � l 9 7 4 ; Lennert e t  al. � 

1 9 7 8 ;  Lennert , 1 9 7 8 )  and Memorial S loan Kettering ( S iegal 

et al . � 1 9 7 8 ; F i l ippa e t  al. � 1 9 7 8 ) c l as s i fi ca t ion s . The s e  

await t h e  demo n s t rat ion o f  the ir c l in i cal rele vance be fore 

wide acceptan c e  i s  likely ( But ler e t  al. � 1 9 7 5 ; Lennert , 

1 9 7 8 ,  p p l O l - 1 0 6 ; B loomfield e t  .al. � 1 9 7 9 ; Leonard , 1 9 8 0 ) . 

As mos t  of the l it erature uses mod i f i cat ions o f  the Rappaport 

system ( Mann e t  al . � 1 9 7 9 )  ( Table 6 ) , thi s  c las s i ficat ion 

wi ll be used ln the fo l lowing s ynop s i s . Because Hod gkin ' s  

lymphoma has n o  e xact c l in i cal or pathological counterpart 

in dome s t i c  s p e c ie s ( Moult on and Dungworth , 1 9 7 8 )  and 

becau s e  of the apparent immunological complexity and uncer� 

tainty of this d i s eas e , it has been c on s idered inappropriate 

t o  inc lude it i n  the pre s e nt review . 



TABLE 

CO�ti'At\ I SON O F  THREE CLAS S I F ICAT I ONS O F  HUMAN MA L I GNANT LYMPHOMAS ( F ROM LENN ERT , 1 9 7 8 )  

Lukes and C<>llins, 1974 

B cell : 

S!Mll l�" (Cl.Ll 

T CY.ll: 

Se•;u'y' s syndrane 

(and my<lOsis f�oides l 

R ce n :  

plasma�oir1 lVII1lhocvte 

B cell : 

smal l cleaved rcc 

large cleaved rcc 

follicular 

foll icular and diffuse 

diffuse 

with or without sclerosis 

B ce l l :  

large nancleaved FCC 
B cell:  

5111411 nancleaved rcc 

Burki tt type 

T cell : 

convoluted l yq:t>:x:yte 

U ce l l :  ( undefined) 

lklc lMis if iable 

B cell:  

ilmuloblM!t ic &arClCJM 

T cel l :  

Kiel Classification, 1974 

Low-grade ma l ifl""Z'Z t lymphomas 

Lympho<'� t i" 

CU. and others 

Lymphop laama"lf toid 

( inn• m• >eyt i c )  
Cen ti'O"lftio 

t.'rl'ltml ,:,lll tio/aim tl"'cytio 

follicular 

follicular and diffuse 

diffuse 

with or without sclerosis 

High-gl'ad6 ma l ifl""Z'Z t lll"'!'homas 

Canti'ObLostio 

Ljprrphob Los tio 

&.rti tt type 

convoluted-oe ll type 

others 

I"""""'bLos tio 

Rappaport Cwsificatioo, 1966 

ML lynll:hocyt ic, well different iated , 

diffuse 

HI. l�ic with 

dy" prot ei.J>em.i.l 

ML l�ic, well and 
poorly different iated ,  

nodular or diffuse 

ML l�ic, we l l  

differentiated 

HL 1 yrrq:>hocyt ic, nodular 

poorly differentiated or 

ML l�ic-histiocytic diffuse 

' ML histiocytic 

ML histiocytic 

ML ....Ufferentiated 

nodular or 

diffuse 

ML undi fferentiated , diffuse; 

ML 1 yn1l:hocyt ic , poor 1 y 

differentiated, diffuse 

HL hisdocytic, diffuse 

imrunoblas tic &ar<XJM 
I'V 
0 

CU.: chronic lymphocytic leukaemia 

ML: molignant 1� 
FCC : foll icular oentn cell 



TAB LE 6 

A MOD I F IED RAPPAPORT CLA S S I FI CATION OF HUMAN 

MALIGNANT LYMPHOMAS ( AFTER MANN �T AL . , 1 9 7 9 )  

Nodular ( follicular) 
l ymphornas 

Lymphocytic , poorly differ­
entiated 

Mixed lymphocytic­
"histiocytic" 

"Histiocytic" 

Diffuse lymphomas 

Lymphocytic , well­
differentiated 

Lymphocytic , intermediate 
differentiation 

Lymphocytic , poorly differ-
entiated 

Mixed lymphocytic-''histiocytic" 

"Histiocytic" 

Undifferentiated Burkitt ' s  

Undifferentiated , pleomorphic 
(non-Burkitt ' s )  

Lymphoblastic 

Unclassified 
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1 .  fOLLICULAR (NODULAR ) LYMPHOMA 

Fo l l icu lar l y mp h omas are B lympho cyte neoplasms, ar1 s 1ng 

from th� fo l l i cu la r  c e ntre c e l l  ( Luke s  and Co l lins , 1 9 7 4 ; 

Jaffe e t  a l . , 1 9 7 4 ) .  The ie cells  bear monoc lonal S i g  

( Ais enberg and Long , 1 9 7 5 ;  Le ech e t  a l . , 1 9 7 5 )  often with 

K light chains ( P inkus and Said , 1 9 7 9 ) . C 3  re ceptors u s ually 

are pre s ent ( Jaffe e t  a l . , 1 9 7 4 )  but the occurrence o f  

Fe receptors i s  variable ( P inkus and Said , 1 9 7 9 ) .  The c e l l  

o f  origin does n o t  p l ay a n  immed iate ro l e  i n  the s e cret ory 

B c e l l  system a s  s erum immunog lobul in abnorma l it i e s  are not 

a feature of fo l l i c u l ar lymphomas ( Moore et a l . , 1 9 7 0 ) .  

The monoclonality o f  fol l icular lymphoma cells  further indicat e s  

that they ' ari s e  from a migratory B lympho cyte with the ab i l ity 

for e cot axis to the B c e l l  are as o f  the lympho id system 

( Warnke and Levy , 1 9 7 8 ) . If a leukaemic phas e  deve lop s , the 

re sultant lymp h o s a r coma ce l l  le ukaemi a has the same pattern 

of immunological s ur face marker s  on the neoplast ic ce l l s  a s  

that o f  the ce l l s  o f  the original fo l l icular lymphoma ( Jaffe 

and Green , 1 9 7 7 ) .  

Although e ar l i er reports s ugge s t ed the pos s ib i l it y  o f  

a T  c e l l  fol l i c u l ar l ymphoma ( Peter e t  a l . , 1 9 7 4 ; Ai s enberg 

and Lin g , 1 9 7 5 )  the c urrent cons ensus is that the T 

lymphocyt e s  pre sent 1 n  fol l i cular lymphomas are e ither remn ant s 

o f  the original t i s s ue or are part of the immune respon s e  t o  

the neoplasm ( Jaffe e t  a l . , 1 9 7 4 ;  Pinkus and Said , 1 9 7 9 ) .  

2 .  DI FFUSE L YMPHOMA S  

.Mo s t  chro n i c  l ympho cy t i c  l e u kaemi a s  ( CLL ) and di ffu s e  

w e l l - di fferen t i a t e d  l ymp h o cy ti c lymp h om a s  are different 

c l inical man i fe s t at io n s  of the same populat ion of c ircul at ing 

neopla s t i c  B lymphocytes ( Braylan et a l . , 1 9 7 6 ) .  

D i s s imilar i t i e s  in marker patterns o f  the 2 neoplasms 

s ugge st that they ari s e  from different B cell sub s et s . 

The c e l l s  o f  both types , in contrast t o  tho se o f  fol l i cu l ar 

lymphoma , show fai nt S i g  fluore s cence ( Braylan e t  a l . , l 9 7 6 ) , 

do not disp lay c app ing ( Cohen , 1 9 7 8 )  and form s pontaneo u s  

ro sett e s  with mou s e  e rythrocyt e s  ( Gupta e t  a l . , 1 9 7 6b ) . 
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Ce l l s  o,ff CLL ha.ye only C 3 d  re c eptors (..F,os s  e t  � l q  1 9 7 3 )  

and s ho� � decreased a ffinity for C 3  (Lo gue and Cohen 

1 9 7 7 ) .  Fro� the s e  � i f ferencei S ie ga l  ( 1 9 7 8 )  concluded that 

CLL c e l ls were e ar ly in B lymphocyte deve lopment . Howe ver , 

although the ir capacity to s e crete immunoglobulin appears 

l imited, · Mann et al .  (1 9 7 9 )_ b e l ieve that b e c au s e  the c e l l s  

immunological ly r e s emb le the we l l  d if ferent iat e d  lymphocyte s  

of the medul lary cord s o f  normal l ymph node s , CLL should be 

c on s i dered a n e o pl asm of the s e cretory p art o f  the B lymphocyte 

syst em . 

There have been a few report s o f  T c e l l  CLL ( Brouet 

e t  a l . � 1 9 7 5 ;  S ie gal , 1 9 7 8 ; P inkus e t  a l . � 1 9 7 9 ;  Cros ier 

and Beard , 1 9 8 1 ) �  

Lymp h o cy t i c  l ymp homas of i n t e rm e di a te di fferen ti at i on 

are B c e l l  n e o p l asms whi ch are thought t o  ari s e  from lymphocyt e s  

e ither o f  t h e  primary fol l i c l e s  or o f  the mant l e  zone s o f  

s e c o ndary fo l l ic l e s  o f  lymph node s ( Nanba e t  a l . � 1 9 7 7 ) .  

Mo st di ffu s e  po o r ly di ffe re n t i a t e d  l y mph o cy ti c  lymphomas 

ar i s e  from B l ymphocyt e s  (Ais enberg and Long , 1 9 7 5 ;  Knowle s 

e t  a l . � 1 9 7 9 ;  Leong e t  a l . � 1 9 7 9 ;  Pinkus and Said , 1 9 7 9 ) .  

Many o f  the s e  derive from FCC f o l l icular centre ce l l s  ( Le e ch 

e t  a l . �  1 9 7 5 )  and con s equent ly h ave a d i s t inct ive morpho logy . 

Howe ver , Pinkus and Said ( 1 9 7 9 )  s howed that the neoplast ic 

ce l l s  had undergone a qualitat ive or quant itat ive los s o f  

d i f fere nt marker s  and they con s idered that thi s  was d ire ct ly 

due to e ithe r  the neop last ic trans forma t ion or the stage o f  

d i f ferent iati o n  repre s ented by the mal ignant c lone . S ome 

of the s e  lymphomas do not have the morpho logy o f  fol l icular 

centre c e l l s  and are e ither o f  T or non- T , non - B  or1g1n 

( Jaffe e t  a l . � l 9 7 5 ;  Waldron e t  a l . �  1 9 7 7 ; Pinkus and Said 

1 9 7 9 ) . The c e l l  neop lasms often are infi ltrat ed by 

e p ithe loid h i s t iocyt e s  and this has l e d  to the sugge s t ion that 

they may derive from lymphokine- produc i n g  mat ure peripheral 

T l ymphocyt e s  ( Ja ffe e t  a l . � 1 9 7 5 ) . 

Lymphomas compos ed of large c e l l s , n ame ly the mixed 

lymp h o cy t i c  - "hi s t i o cy ti c "  and "hi s t i o c y ti c "  l ymphomas 

are a l s o  immuno logica l ly het erogeneous and may be common 



morphol o g ical end p oint s o f  t rans formed ce lls o f  d ivers e  

or igins . Although mo s t  o f  the s e  lymphomas appear t o  ari s e  

from B c e l l s  ( Habe s haw and St uart , 1 9 7 5 ;  Morris and Davy , 

1 9 7 5 ;  Brouet e t  a l . 3 1 9 7 6 ;  Tay lor , l 9 7 6b ; Knowle s e t  a l . 3 

1 9 7 9 ;  P inkus and Said , 1 9 7 9 )  wh ich con s istently bear 

monoc lonal S i g, a var iable e xpre s s ion o f  other markers has 

been shown ( Mann e t  a l . 3 1 9 7 9 ) .  Some large c e l l  lymphomas 

bear T lymphocyte markers ( Brouet e t  a l . 3 19 7 6 ; Pinkus and 

Said , 1 9 7 9 ) . 
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Burk i t t ' s  l ymphoma i s  o f  B c e l l  orl gln ( F ialkow e t  a l . 3 

1 9 7 3 ;  Mann e t  a l . 3 1 9 7 6 ) ,  derived from the sma l l  nonc leaved 

fol l icular c entre c e l l  ( Luke s and Co l l ins , 19 7 4 ) .  

3 .  OTHER LYMPHOMAS 

Hairy ce l l  l e ukaemia i s  n ow cons idered to be of B c e ll 

origin as the synthe s i s  o f  monoc lonal S i g  has ·  been demonstrat ed 

( Debus s cher e t  a l . 3 1 9 7 5 ;  Ut s inger et a l . 3  1 9 7 7 ) .  

Wh i le a T  c e l l  varian t  h a s  been des cribed ( Saxon e t  a Z . 3 

1 9 7 8 ) , t he normal c ount erpart for the hairy c e l l  has yet 

to be ident i fied . 

My co s i s  fun g o i de s  and the r e lated sJ z ary ' s  s y ndrome 

are of T c e l l  origin ( Lut z n e r  e t  a Z . 3 1 9 7 5 ;  Zucker- Frankl in 

e t  a Z . 3 1 9 7 4 ) . Funct ion a l  s t u d i e s  by Broder e t  a l .  ( 1 9 7 6 )  

have s ugge sted that the S� z ary s yndrome l S  a neoplast ic 

pro l i ferat ion o f  he lper T lymphocyt e s . 

4 .  ACUTE LYMPHOBLASTI C  LEUKAEM IA ( ALL ) 

A c u t e  lymp h o b l a s t i c  l e u k a e mi a  i s  a pro liferat ion o f  

immatur e  lympho i d  c e l l s  and c an be c las s i fied into 6 

s ubtyp e s  defined by a batt ery o f  lymphocyte markers ( Tab le 

7 ) .  O f  the 4 wide ly re c o gn i s ed subtype s ,  common ALL account s 

for approximat e ly 6 5  percent o f  cas e s , T ALL 1 5  t o  2 0  

percent , unc las s i fied (ho T , B or C ALL markers )  1 5  percent 

and B AL L , 2 percent ( Mann e t  a l . 3 1 9 7 9 ) . In add it ion , Vogler 

et a l .  ( 1 9 7 8 ) de s cr ibed a pre - B  ALL , and Greav e s  ( 1 9 7 9 )  found 

s ome cas e s  of pre -T ALL . 

The variat ion o f  c e l l  markers s e e n  in ALL has led t o  the 

postulate that the s e  markers indicate various leve l s  o f  

lymphocyte ontogeny a t  whi c h  maturat ion arre st h a s  occurred 



Type 

ALL unclassified 

Corroron ALL 
Pre-T-ALL 

T-ALL 

Pre-B-ALL 

B-ALL 

TAB LE 7 

MARKERS O F  ACUTE L YMPHOBLASTI C  LEUKAEMIA 

( MODIFIED FROM MANN ET AL . , 1 9 7 9 )  

E EAC Sig Cig HTIA HBIA 

- - - - - ± 

- - - - - + 

+ - - + -

+ ± - - + -

- - - + - + 

- ± + - - + 

E :  rosette formation with sheep erythrocytes 

ALL-Ag TdT AP 

- ± ± 

+ + 

± + 

- + + 

+ ± ± 

- - ± 

EAC : 

Sig : 

rosette formation with erythrocyte-IgM antibody-complement complexes 

surface immunoglobulin 

Cig : cytoplasmic immunoglobulin 

HTIA : 
HBIA : 

ALL-Ag : 

human T-lymphocyte associated antigens 

human B-lymphocyte-associated antigens 

common ALL antigens 

TdT : 

AP :  
terminal deoxynucleotidyl transferase activity 

acid phosphatase activity 
N 
()"1 



( Greav e s  and Jano s s y , 1 9 7 8 ;  Greave s , 1 9 7 9 ) .  G iven that 

the marke rs repre s ent the r e levant phenotype appropriate 

for that deve lopmental l e v e l  ( Greave s , 1 9 7 9 ) ,  then the 

early lymphoid l ineage and s equence o f  gene expre s s ion can 

be mapp e d  ( Figure 2 ) . 
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Although an unders tand ing o f  the onto ge ny o f  lymphoc yt e s  

wi l l  a i d  i n  t h e  det erminat ion o f  t h e  bas i c  d e fects in 

leukaemogene s i s , the immunol ogical refinement s to diagno s i s  

have had immediate pract i c a l  ben e fit s i n  the det erminat ion 

of progn o s i s  and the s e l e ct i on of treatment ( Ts ukimoto 

et a l . , 1 9 7 6 ; Be lpomme e t  a l . , 1 9 7 7 ; Che s s e l l s  et a l . , 1 9 7 7 ) . 

B .  THE IMMUN O LOG I CAL CHARA CTERI SAT I ON O F  THE LYMPHOMAS AND 

LEUKAEMIAS OF ANIMALS 

1 .  MICE 

The maj or ity o f  murine l e ukaemias and lymphomas are of 

T c e l l  origin , irre spect ive o f  the mou s e  strain or the mode 

of le ukaemia indu ct ion . The se inc lude mo s t  " s pontaneous " 

leukaemias ( Shevach e t  a l . ,  l 9 7 2 b ; O ld and Stockert , 1 9 7 7 ; 

Haran - Ghera and Peled , 1 9 7 9 ) , tho s e  i nduced by radiat ion or 

the radiat ion leukaemia virus ( Kap lan , 1 9 6 7 ; Haran-Ghera 

and P e l e d , 1 9 7 3 ;  Old and S t o ckert , 1 9 7 7 ; Haran -Ghera and 

Pe l e d , 1 9 7 9 ) , other murine l eukaemia viru s e s  ( MuLVs ) 

( Sh e va ch e t  a l . ,  1 9 7 2 b ; H aran-Ghera and Pe led , 19 7 3 ;  Dawson 

e t  a l . ,  1 9 7 6 )  and a range o f  carc inogens ( Shevach e t  a l . , 

1 9 7 2 b ; Haimovich e t  a l . , 1 9 7 7 ) .  

Mur ine B c e l l  neop lasms are l e s s frequent . They include 

s pont aneous leukaemias ( S lavin and Strobe r , 1 9 7 8 )  and s ome 

of the chemi cally indu c e d  n e op la s ms . The methylcholanthrene ­

derived Ll 2 1 0  leukaemia and a 7 ,  1 2 -d imethylben z ( a )  anthracene 

( DMBA ) induced lymphoma ( Bergman and Haimovich , ( 1 9 7 7 ) are 

o f  B c e l l  ori gin . Howe ve r , the c e l l s  from another DMBA­

induced lymphoma ( Haran- Ghera and Pe led , 1 9 7 3 )  init ial ly 

thought to be neopl ast i c  B lymphocyt e s  were found to bind 

immuno g l obul in avidly via the Fe receptor ( Ha imovich et a l . , 

1 9 7 7 ) .  This s erve s to i ll u s trat e the te chni cal difficult i e s  

a s s o c iat ed with us ing S i g  a s  a marker .  
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S ome retroviru s e s  ind u c e  B c e l l  lymphomas and leukaemias . 

Shevach e t  al . ( l 9 7 2 b )  report e d  a s ingle B c e l l  neoplasm in 

a C 5 7 / BL 6  mous e  induced by Raus cher MuLV and Reddy et al . 

( 1 9 8 0 )  u s ing c loned Rau s ch e r  MuLV induced B c e l l  lymphomas 

in 5 0  N IH / Swi s s  mice . Howeve r , Daws on e t  al. ( 1 9 7 6 )  found 

this virus cau s e d  only T or non-T , non - B  c e l l  neop lasms in 

BALB / c  mice . Finally , the Abe l son MuLV whi ch i s  a comp lex 

compos e d  of repl i c at ion de fect ive virus and a he lper , Mo loney 

MuLV ( Te ich and Dext e r , 1 9 7 8 ) ,  induces a leukaemia that 

does not invo lve the thymu s , and where the e ar l i e s t  change s 

are found in the bone marro w  ( Abe l s on and Rab st e in , l 9 7 0 a , b ) . 

The s e  l e ukaemias and the ir c e l l  l in e s  appear t o  be B l ymphocyt e s  

ear �y i n  o ntogeny a s  they e xp re s s  Lyb - 2  and Lyt - 4  ant i gens 

( Ro senberg and Balt imore , 1 9 7 6 ) . The in vi tro infe ct i on o f  

lymphocyte s  b y  Abe l son MuLV i s  dependent o n  t h e  prior 

stimulati on of c e l ls by B lymphocyte mitogens ( Ras chke 

e t  al. , 1 9 7 5 )  and s ome c e l l  l ine s have intracyt op lasmic I gM 

( Te ich and Dexter ,  1 9 7 8 ;  Warner , 1 9 7 8 ) .  Only a few Abe lson 

leukaemia ce l l  l in e s  have S i g  ( Premkamur e t  al. , 1 9 7 5 )  

but many non- S i g -bearing c e l l s  can be induced t o  do s o  with 

the add ition o f  d imethy l s ul phoxide ( We imann , 1 9 7 6 )  or 

theophyl l i ne ( Warner , 1 9 7 8 ) implying that they are of the 

B c e l l  l ineage . 

The ontogeny o f  mur1ne lympho id c e l l s  ha s been s ugge sted 

by the ext en s ive study of the expre s s ion of ant i gens and 

var i ou s  markers including t e rminal deoxynuc l e ot idyl t rans feras e 

( TdT ) acti vity ( Kat z ,  1 9 7 7 ; . Old and Stockert , 1 9 7 7 ; 
• 

S i lvers tone e t  al. , 1 9 7 8 ; O l d , 1 9 8 1 ) . S ilvers t one e t  al. 

( 1 9 7 8 )  and Warne r  ( 1 9 7 8 ) d e l ineat ed the early deve lopment 

of the lymphocyte from the p l uripotent s tem c e l l , it s 

comm itme nt to e ither the T or B c e l l  l ineage s and it s early 

maturat ion stage s . The p l ac ing o f  each leukaemic cel l l ine 

into part o f  the s e quence has s ugge sted t e chniques for the 

ident ificat ion o f  the equivalent normal c e l l . More over , 

as s ome B cell  l in e s  have d e t ectab le TdT act i v ity ( S i lverstone 

et al. , 1 9 7 8 ; Reddy et al . , 1 9 8 0 )  this has been c ons idered 

as further evi dence for the role of this en zyme in the 



generat i o n  o f  immun o logica l  d ivers ity ( S i lverst one e t  a l . , 

1 9 7 8 ) . 

2 .  DOG S 

Can i n e  lymp h omas can be c la s s i f i ed e ither as t hymi c , 

mul t icentri c , al imentary or leukaemi c according t o  the 

criteria o f  Jarret t  e t  a l .  ( 1 9 6 6 ) . From a series  of 3 9  

c a s e s  including 5 t hymic , 3 2  mul t i centric and one e ach o f  

a l iment ary and l e ukaemi c forms , Onion s ( 1 9 7 7 ) conc luded 
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t hat there could be a re lat ionship between the immunolog ical 

c e l l  type and the p athoanatomical form of the d i s eas e . The 

1 9  B c e l l  neop lasms include d  1 8  mult i c entri c  and the s o l it ary 

a l imentary lymphoma . The 6 T c e l l  lymphomas cons i s t e d  o f  one 

multi centr i c  and · 5  thymic c a s e s , 2 of whi ch were not E 
re s e tt in g  and may have been derived from immature thymocyt e s  

( Ke l ly , 1 9 8 0 ) . The skin was involved in 2 T c e l l  lymphomas , 

a feat ure o f  c erta i n  human T c e l l  neoplasms ( Mann e t  a l . , 

1 9 7 9 ) . Onions  ( 1 9 7 7 )  drew att e nt ion t o  the need for caut ion 

in the int e rpretat ion of s ome of his dat a as S i g  det erminat ions 

were made i n  l e s s  t han half the cas e s . I n  de fining B c e l l  

neoplasms , heavy re l iance was p laced o n  the pre s ence o f  C 

r eceptors although t hey are known t o  o c cur on s ome can1ne 

t hymocyt e s , T ce l l s  and non- B lymphocyt e s  ( Ke l ly , 1 9 8 0 ) . 

Had S i g  d e t e rminations  been made in a l l  c a s e s  and monoc lonality 

demonstrat e d , then up t o  6 cas e s  with percent age s of T and 

B . lymphocyte s  approximat ing t ho s e  found in normal lymph node s , 

and 6 c a s e s  o f  " nul l "  and uncl a s s ified lymphomas may have 

b e e n  a l l o c at e d  to e i ther the T or B c e l l  cate gory . 

Other report s o f  the immuno l o g i c al characteri s at ion 

o f  canine lymphomas have b e e n  made a lthough 2 of the s e  are 

of l imit e d  value be cau s e  of the few marker s  u s ed . Dutt a  

e t  a l .  ( 1 9 7 8 ) monitored the pre s ence o f  S i g  and C receptors 

on b lood l ymphocyt e s  from a leuk aemic dog for 6 weeks and 

a s s e s s e d  c e l l s  from the lymph node of thi s and another cas e . 

The maj or i t y  o f  ce l l s  bore both marker s . Because t he 

patholo gy o f  the s e  2 cases was· · des cribed inadequat e ly , no 

relationship betwee n  the anat omi ca l  d i s tribution o f  the 

l e s ions and their immunological origin could be a s s e s s ed . 



Ho lmb er g  e t  a l .  ( 1 9 7 6 a )  e xamined lymphoma c e l l s  for S ig 

only and found that the maj ority o f  c e l l s  i n  1 1  of 1 6  

mult i ce ntri c  l ymphomas had detectabl e  S i g . A s ingle cas e  

wa s a s s e s s e d  u s lng both E r o s ette and S i g  markers and 

neither were found on a s ig n i ficant proport ion of c e l l s . 

In a s ub s e quent report ( Ho l mberg e t  a l . � 1 9 7 7 )  E ro sette 

format ion and the detect ion of Sig and C receptors were 
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used on 5 mult icentric c a s e s ,  3 o f  which were determined as 

be ing o f  B c e l l  origin . In another cas e , the maj ority o f  

c e l l s  h ad C re ceptors only and although the authors imply 

otherwi s e , this lymphoma could have originated from the 

T ce l l  l ineage . An import a nt finding of Holmberg e t  a l .  

( 1 9 7 6 a , 1 9 7 7 )  was that no a s s oc iation could b e  found between 

the immunological and cyt o logical  c e l l  type of can ln e  

l ymphoma and the y contended that t h e  morpho logical d iver s ity 

reflected a maturat ion b lo c k  at d i f ferent stages  o f  lymphocyt e 

devel o pme nt . 

3 .  CAT S 

B e fore the immuno l o g i c a l  charact er i s at ion o f  human 

and animal l ymphomas and l e ukaemia s  became a wide spread 

pract i c e , Mackey and Jarr e t t  ( 1 9 7 2 ) , pre d i cted that mult i ­

centr i c  arid thymi c fe l i n e  l y mp h omas wou l d  have a T c e l l  

origin whereas the a l imentary and l e ukaem i c  forms would 

be derived from B lymphocyte s .  Thi s propo s al was based 

on the c o l on i s ation patt ern o f  mal i gnant ce l l s  within the 

lympho i d  system by h i s t o l o g i ca l  e xaminat ion of 4 5  

s pontaneous and vira l l y  induced fe l in e  l ymphomas where the 

patt e rn of neoplastic d e v e l opment was const ant within each 

of the 4 anat omical vari ant s .  Although fe l ine lymphoma has 

been s tudied in o ther re s p e ct s , there has b e e n  a paucity o f  

comp l e t e  data t o  t e s t  t h i s  hypothe s i s . 

Mackey e t  a l .  ( 1 9 7 5 )  and Cockere l l  e t  a l .  ( 1 9 7 6 a )  found 

that t h e  maj or ity of ce l l s  from thymic lymphoma s formed 

E ros ette s .  A further 3 6  c a s e s  o f  thymi c , a l imentary and 

mult i centric lymphomas were des cribed by Hardy e t  a l .  ( 1 9 7 7 ) 

who report e d  that all  thym i c  and 1 0  o f  1 8  mult i centric 

l ymphomas were derived from T lympho cyt e s . Three o f  4 



a l imentary lymphomas were o f  B c e l l  or1g1n . As the i r  dat a 

was in s ummari sed form , and they were vague about the ir 

criteria for de scrib ing 7 l ymphoma s a s  being "mixed " , few 

c o n c lus ions can be drawn from their r e s u l t s  which otherw i s e  

s up p ort t h e  propo s al o f  Mackey and Jarrett ( 1 9 7 2 ) .  The 

s u gg e s t i o n  that mult i c entric lymphoma s were l ikely to be o f  

T c e l l  or i g in differs from the conclus ions of Holmberg 
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e t  a l .  ( l 9 7 6 b ) . The s e  autho r s , on the bas i s  o f  one cas e , 

s ug g e sted that mul t i c entric lymphomas may b e  undi fferent i ated 

a s  there were few c e l l s  po s i t ive for E ro s ette format ion 

or for the pre sence o f  C re c e ptors or S i g . Be cause they 

showed that only 3 5  perc ent of normal fel ine thymocyt e s  

form E ro s et te s , . an a lt erna t ive explanat ion i s  that th i s  

c a s e  may have b e e n  d e r i ved from nonro s e tt ing thymocyte s .  

De s p it e  t he incomp l e t e  rang e  o f  markers u s e d , the r e s u l t s  

o f  Ho lmberg e t  a l .  ( l 9 7 6b )  from 1 0  o t h e r  c a s e s  o f  thymic 

and a l imentary lymphomas were in general agreement with 

o ther workers . 

In s ingle cas e  report s , Madewe l l  e t  a l .  ( 1 9 7 9 )  and 

H o lmberg e t  a l .  ( 1 9 7 6 b )  fai l e d  to dete ct E ro sette 

f ormat ion w ith , or C re ceptors on the maj ority o f  cells  in 

rena l lymphomas . Le gendre and Be cker ( 1 9 7 9 )  d e s cribed a 

s k in lymphoma that had not only e l evate d  p ercentage s of 

E ro sette -pos it ive b lo o d  l ymphocyt e s  but a l so 4 4  percent 

o f  l ymphoma c e l l s  formed E rosett e s . I f ,  as  in man and 

d o g , s kin lymphomas are T c e l l  neopl a sms , then the s e  c e l l s  

c o u l d  be repre sentat ive o f  b o th the E ro s e t t e - po s it ive and 

ne gat ive populat io n s  of the t hymus . 

Although except i on s  o c cur , the balance o f  report s 

for t he f e l ine mode l indicate that the anatomi cal d i s tribution 

o f  the le s ions can be useG. .to predict whether the cell s are 

neop last i c  T or B lymphocyte s . 

4 .  CATTLE 

Bovine lymphoma ( s ynonyms : leuko s is , leukaemia , 

l ymphosarcoma ) can b e  d ivide d into 2 cat e gorie s  on 

e p i demiolo g ical grounds . The firs t , e n z o o t i c  l ymp homa 1 s  

induced b y  the bovine leukaemia virus ( B LV ) ( The ilen e t  a l . , 



1 9 6 4 ;  R es s an g  e t  a l . � 1 9 7 4 ; B urny e t  a l . � 1 9 7 8 ; F err er ,  

1 9 8 0 )  and i s  found in g eo graphical and h erd aggr egat ions 

i n  cattl e o l d er than 3 y ear s . Th e s ec on d , s p o radi c  

l ymp homa i s  o f  unknown a et iology ( Ol s on , 1 9 7 4 ; Call ahan 

e t  a l . � 1 9 7 6 ; R es s ang , 1 9 7 6 ;  Straub and W ei l an d , 1 9 7 7 ; 

B urny e t  a Z . �  1 9 7 8 ; K ettmann e t  a Z . � 1 9 7 8 )  i s  o f  low 

pr eval enc e and i s  found i n  an imals und er 3 y ears o f  ag e. 
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Thi s  latt er form o f  th e d i s eas e can b e  furth er subd ivi d ed 

into a j uv en il e  or c a l f  form , a thymic form and a cutan eous 

o r  skin form ( Gr imshaw et a Z . � 1 9 7 9 ) .  Adult c att l e  inf ect ed 

with B LV can alt ernat iv el y  d ev elop a p er s i s t ent lympho cytos i s  

( F err er ,  1 9 8 0 ) . Lymphocyt e mark er s  hav e b een d et ect ed on 

c el l s  from .th e b lood of c attl e with p er s i s t ent lymphocyto s i s , 

and on blood lymphocyt es a nd n eoplast i c  c el l s  o f  lymph nod es 

from both s p oradic and en z oot ic forms o f  bovi n e  lymphoma . 

( i )  P ers i s t ent Lymphocyt o s is 

Early work er s  sugg es t ed that p er s i s t ent lymphocyt o s i s  

was a pr en eoplastic stag e o f  en zoot ic lymphoma ( B endix en ,  

1 9 6 5 ) .  As mo s t  authors now cons i d er p er s i s t ent lymphocyto s i s  

t o  b e  a s ep arat e man i f es tat ion of inf ec t i o n  b y  B LV ( F err er 

e t  a Z . � 1 9 7 9 ) ,  only a bri ef con s id erat ion o f  t h e  c ell mark er 

s t ud i es o f  thi s r espon s e w i l l  b e  mad e h er e. 

All r eports agr ee that B c el l s  ar e r es po n s ib l e  for 

mo s t  of th e incr eas ed numb ers of c irculat ing lymphocyt es 

( Garc ia d e  Lima and Mit s c h er l i ch , 1 9 7 3 ;  Mus co p l at e t  a Z . � 

1 9 7 4a ;  W ei l an d  and Straub , 1 9 7 5 ;  K enyan and P i p er ,  1 9 7 7 a , b ; 

Pau l e t  a l . � 1 9 7 7 a , b ; Takashima e t  a Z . � 1 9 7 7 ; At luru e t  a l . � 

1 9 7 9 ;  Paul e t  a Z . � 1 9 7 9 ) . O p in ions d i f f er about wh ether T 

c el ls incr ea s e ( Garc i a  d e  Lima and Mit s ch er l i ch , 1 9 7 3 )  

do not vary ( Takashima e t  a l . � 1 9 7 7 )  or d ecr eas e ( Paul 

e t  a Z . � 1 9 7 9 )  and s u ch d i f f er en c es may b e  a r efl ect ion o f  

th e lack o f  an ad equat e T c el l  mark er i n  catt l e  ( Paul 

e t  a l . �  1 9 7 9 ) . In p er s ist ent lymphocyto s i s  K enyan and Pip er 

( 1 9 7 7 b ) s ho w ed that t h e  B lymphocyt e exp an s ion was not 

n ec es sar i l y  du e to B LV - in f ect ed c el l s  b ut may r epr es ent 

an 1mmun e r espons e to inf ect ion . 

Although Mus cop lat e t  a l .  ( 1 9 7 4 a )  sugg es t ed that it 

wa s n ec es s ary to d emo n strat e endo g enou s S i g  s ynth es is o f  
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c e l l s  t o  prove t he B c e l l  nature of l ymphocyt o s i s , no 

attempt s have been made by o ther s to do s o , nor are cel l s  

routine ly pretreat e d  to remove lab i le S i g  ( Horwit z and Lobo , 

1 9 7 5 ;  Lobo e t  a l . � 1 9 7 5 ) . Howe ver , Kumar e t  a l .  ( 1 9 7 8 )  

report e d  unpub l i sh e d  re s u l t s  s ug ge s t ing that unlike human 

lymphocyte s ,  S i g  was not readily d is s o c iable from s igni ficant 

proport ion of c at t le lymphocyt e s . Thi s  que st ion and whether 

pers i s t ent lympho cyt o s i s  is a monoc l onal or polyc lonal 

e xpans ion of B lymphocyt e s  have yet to b e  addre s s ed . 

( i i )  En zoot ic Lymphoma 

En zoot i c  lymphoma i s  a neoplasm o f  B lympho cyte s . 

Although only 3 o f  6 Japane s e  cas e s  o f  Onuma et al .  (1 9 7 9 )  had 

e levat e d  percentage s of S ig - po s it ive c e l l s , 9 of 1 0  cas e s  

i n  the American s er i e s  o f  O numa e t  a l .  ( 1 9 7 8 )  had over 

5 0  per c e nt Sig-be aring c e l l s . Al l o f  the 8 cases o f  

Takashima e t  a l . ( 1 9 7 7 ) had e l e vat e d  p ercentages o f  S i g ­

p o s it ive c e l l s  and 5 o f  the s e  a l so h a d  increas ed values for 

C re ce ptor-bear i n g  c e ll s . In the latter case s ,  C receptor 

value s were le s s  than tho s e  for S i g- bearing c e l l s , a 

s ituat ion also  found in normal cat t l e  b l ood ( Paul e t  a l . � 

1 9 7 9 ) .  The maj or crit ic is m  o f  a l l  o f  these studies i s  that 

the monoclonality o f  S i g  has not b e e n  demonstrat e d . Indeed , 

only an early s tudy by T s uy guchi e t  a l .  ( 1 9 7 3 ) has made any 

attempt to analys e  .the nat ure of S ig on bovine lymphoma c e l l s . 

They were unab l e  t o  come t o  any conclus i ons due t o  the 
1 .  . . 

f h 1 2 5  . . 
d lmltat lons o t e . I lab e ll e d  ant lbody t e chnlque an the 

art i fact s demo n s t rate d  by nonspe c i f i c  adsorpt ion of s erum 

I gM .  However , they did f in d  L chain act ivity and gammaglobu l in 

determinant s ,  but could not spe c i fy whether � or y chains 

were pre s e nt . B lood lymphocyt e s  from the lymphoma cas e  

appear e d  t o  have a preponderan c e  o f  � chain determinant s .  

In genera l , e le vated B lymph o cyt e p ercentage s occur 

i f  there are change s in the re lat ive proportion of T and B 

c e l l s  i n  blood from cat t l e  with e n z o ot i c  lymphoma ( Wi lk i e  

e t  a l . � 1 9 7 9 ;  Onuma e t  a l . � 1 9 7 9 ) .  However , i n  s ome cas e s  

the percentag e s  o f  B ce l ls may b e  normal o r  depre s sed 

( Takashima et a l . �  1 9 7 7 ; Onuma e t  a l . � 1 9 7 8 ) .  Kumar et a l .  



( 1 9 7 8 ) reporte d  3 cas e s  in whi ch the percentages  o f  S i g­

pos it ive c e l l s  were normal but had e l evate d  p ercentage s o f  

Fe re ceptor-b ear ing c e l l s . Thi s  indicat e d  the po s s ib i lity 

o f  a pro l ife rat i on o f  a Fe receptor - p o s it ive S i g-ne gat ive 

s ub s et of b lo o d  l ympho cyt e s , 

( i i i ) Sporadi c  Lymphoma 
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The perce ntage s o f  c e l l s  bearing e i ther T or B markers 

are u s ually reduced in b lood and lympho id neo p lasms from 

anima l s  affe c t e d  with s p oradic bovine lymphoma . Mus coplat 

e t  a l .  ( l 9 7 4b )  could demons trat e S i g  on l e s s  t han one 

percent of b lo o d  lymphocyt e s  from 2 calve s with an acut e  

lymphocyt i c  l e ukaemia . B lood E r e s e t t in g , C re ceptor and 

S ig - be aring c e l l s  were reduced in 4 cas e s  of c a l f  and 2 

cas e s  o f  thym i c  lymphoma ( Takashima e t  a l . , l 9 7 7 ) .  The 

s ame extent of re duct ion wa s found in the s e  c a s e s  when lymph 

node s or thym i c  neop lasms were examined . S im ilarly , the 

percentage s of S i g-pos i tive cel l s  were reduced in both b lood 

and involved t i s s ue s  o f  5 cal f , 2 thymic and 2 skin cas e s  

o f  Onuma e t  a l .  ( 1 9 7 8 )  and the case  o f  c a l f  and another of 

skin lymphoma from Japan ( Onuma e t  a l . , 1 9 7 9 ) . 

5 .  SHEEP 

The 2 report s des cribing t he immuno logical charact eri­

sation o f  o v i n e  l ymp h oma have been cases cau s e d  by experimental 

infect ion with B LV ,  «el l  marker s t ud i e s  have not been done 

with s poradi c  ovine lymphomas . 

Nemeth e t  a l . ( 1 9 7 9 )  des cribed a s ingle case  that 

invo lved the peripheral lympho i d  t i s s ue and the thymu s .  

The c e l l s  from both b lood and lymph node s were po s it ive 

for both a c i d  pho sphatas e and ANAE . Although no s urface 

markers wer e  employed , the involveme nt of the thymu s and 

cyto chemica l re sult s indicated to the authors that this 

was a T ce l l  neoplas m .  Takashima and O l s on ( 1 9 8 0 ) found 1 n  

exc e s s  o f  7 0  percent S i g-bearing c e l l s  in lymph node s from 

4 c a s e s  o f  lymphoma and det ermined e levate d  B lymphocyte 

percentage s i n  t he blood o f  the s e  and 2 other s , irre spect ive 

of whether they were l eukaemic or not . More than 8 0  percent 

o f  c e l l s  ret a in e d  the ir S i g  after overni ght i ncubat ion in 



s erum-fre e  med ium . 
� 

C .  S UMMAR Y AND CONCLU S I ON 

The re cognit ion o f  T and B lympho cyte s by the ir c e l l  

s ur face phenotype h a s  advan c e d  the unde rstanding of the 

normal lymphoid syst e m . However ,  the c las s ical de fin it i on 
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o f  T and B lymphocyt e s  has b e c ome l e s s  d i s t inct with sub s e t s  

b e ing ident i f ied that s hare c ommon markers .  Marker t e chn i q ue s  

have been r e fined and with the appre c iat ion o f  t e chnical 

d i fficult i e s  and the app l i cat ion of s t andard approaches , 

reproducible resul t s  c an now b e  achi e ve d . 

The E rosetting t e chniqu e  has been valuable ln ident i fying 

human T lymphocyt e s . S imi l ar t e chni que s in dome s t i c  spe c l e s  

have not been as ·su c c e s s fu l . F o r  human s , monoc lonal ant ibodie s 

now p rov ide the mo st accurat e means o f  ident ifying T c e l l s  

t o  determine their l eve l o f  d ifferent iation and the ir 

funct ional role . Except ln the mou s e  and man, ant i -T cell  

ant i s era for other s p e c i e s  do not approach the same leve l of  

r e fineme nt . 

S i g  i s  cons idered t he hal lmark o f  the B lymphocyte but 

i t s  dete ct ion has b e e n  fraught with t e chni cal d i fficult i e s . 

Other markers often found o n  B c e l l s  s uch as Fe and C 

r e c e ptors can not alone d e f in e  the B lymphocyt e . In 

comb inat ion, they do i de nt i fy s ub s e t s  whi ch may be important 

ln de fining specific types  of lymphomas and leukaemias . 

Final ly , apart from s p e c i fic u s e s , the cyt o chemical 

i dent i fication of lymphoid subpopulat ions  i s � l imited and 

t h e  appl ic at ion of s uc c e s s fu l  t e chniqu e s  to other spec i e s  

mus t  b e  car e fully a s s e s s ed . 

The immunologi c a l  charact e ri s at i on o f  lymphomas and 

l e ukaemias by the s e  t e chniqu e s has e nhanc e d  the understanding 

of the ir p athogene s i s  and has revealed the po s s ible 

p athway s o f  ontogene s i s  for the normal lympho cyte . The 

l iter at ure on the c e l l  markers o f  human lymphoma s and 

l e ukaemias lS compreh e n s ive . Diagno s i s , c las s if icat ion and 

in some cas e s , treatment has improved from such stud i e s . On 

the other hand , the lymphoma s and l e ukaemias of other s p e c i e s  

have n o t  b e e n  a s  comp l e t ely i nve stigated � De spite the 



l imit at ions o f  doc umentat i on s ome general conclus ions can 

be made . In the mou s e  mo s t  lymphomas are o f  T c e l l  ori gin . 

Howe ver , the intriguing Abe l son Mu LV- induced d i seas e i s  a 
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B c e l l  lymphoma . The e xt en s ive knowledge o f  the murine 

lymphoid ant i g e n s  has l e d  t o  the d e l ineation o f  the onto geny 

of the lymphocyte in thi s s p e c le s . 

For dog s  and cat s a re lat ion ship appears to e x i s t  

between the immunological ce l l  ty,pe and the anatomic a l  

clas s i ficat ion o f  the d i s ea s e  ( Mackey and Jarrett , 1 9 7 2 ; 

Onions , 1 9 7 7 ) .  Thi s  may re flect the ecotaxic behaviour o f  

the normal progenitor c e l l . Howe ver , marked d i fference s 

are apparent b etwe en the 2 s pe c ie s . In dogs , mult i centric 

lymphoma s are B c e ll in origin , where as in cat s they are 

composed of n e o p l as t i c  T lympho cyt e s . 

Enzoot i c  b o v ine lymphoma i nduced by B LV i s  a B c e l l  

neop lasm , and t h i s  appears t o  be the case for some o f  the 

exp erimentally BLV- induced lymphomas in sheep . However , 

one report ind i cat e s  that ovine T c e l l  lymphomas may a l s o  

b e  caus ed b y  B L V . Sporad i c  bovine lymphoma on the other 

hand i s  uni qu e , a s  all neoplasms s o  far report ed are derived 

from c e l l s  that do not bear any of the u s ual lymphocyte 

marker s .  

There fore c e l l  s ur face markers have provided for a more 

rat ional approa ch t o  the study of the mal i gnant lymphoid 

dis eas e s , and i n  the cas e of humans have improved the 

c la s s i fi cat i o n  o f  lymphomas and l e ukaemias . I n  r e s e arch , 

the target c e l l s  for lymphomagene s i s  can be ident i fied and 

the confounding e ffects of including neop lasms of d i s s imi l ar 

orl glns can b e  avoide d .  F inally , and mo s t  important l y  l n  

re lat ion t o  t h i s  study o f  s poradic ovine lymphoma , a 

spe c i fic d i s e a s e  can b e  more c lo s e l y  matched in 2 s p e c i e s  

for comparat ive p urpo s e s . 
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INTRODU CTION 

C H A P T E R  2 

T H E  I D E N T I F I C A T I O N O F  O V I N E  

T A N D B L Y M P H O C Y T E S 

B e fore lymphomas and l e ukaemias can be characte r i s e d  

as b e i n g  either o f  T or B c e l l  ori gin , it i s  e s s ent ial t o  

be ab le t o  i dent ify the s e  lymphocyte s ub populat ions . There 

have been few c e l l  marke r  s t udie s o f  both sheep T and B 

lymphocyt e s  ( Bohs e t  a l . , 1 9 7 6 ; Out t er idge e t  a l . , l9 8 la , b )  

and c on s e quent ly there i s  a lack o f  confirmat ory data for 

th i s  s p e c ie s . 

Thi s  chapter de s cribe s the app l i c at ion of standard 

techni que s by whi ch T l ympho c yt e s  were detected by ant i-T 

ce l l  ant i s era and B c e l l s  b y  the pre s ence o f  S i g , F e  and C 

recept ors . In addit i on , t he u s e fulne s s  o f  ANAE act ivity as 

a T c e l l  marker was exp lored as report s s ugge s t  that th i s  

enzyme lS a marker for human T l ympho cyt e s  ( Knowles e t  a l . , 

1 9 7 8 ) .  The ab i li t i e s  o f  the s e  methods t o  ident i fy T and B 

ce l l s  were a s s e s s e d  us ing l ymphocyt e s  from the b lood and 

me s enteric lymph nod e s  o f  normal shee p . 

MATERIALS AND METHODS 

She e p  

The sheep u s e d  were c l in ically normal rams , ewe s or 

ram c a st rate s age d 8 month s  and o l der . 

Harve s t ing o f  B lood Lymphoc yt e s  

Twenty m l  o f  hepar in i s ed j ugular b lood were centrifuged 

at 1 , 5 0 0  g for 1 5  m1n . The buffy coat was removed , res uspend e d  

t o  4 ml 1n pho s phate buffer e d  s a l ine ( PBS ) , p H  7 . 0  ( Appendix ) ,  

layered over 3 ml o f  F ic o l l - s od ium metri zoate ( Lymphoprep ,  

Nye gaard and Co . )  o f  d e n s ity 1 . 0 7 7  gm per ml and centrifuged 

at 8 0 0  g for 2 5  min ( Boyum , 1 9 6 8 ) . The lymphoc yt e s  at the 

PBS/ Lymphopre p  int erface were c o l l ect ed and wa shed twice by 

cent r i fuging at 7 0 0  g for 1 0  min i n  RPMI 1 6 4 0 medium ( Flow 

Laboratorie s )  c ontaining ant ibiot i c s  ( Appendix ) .  The c e l l s  

were i ncubate d  i n  plast i c  p e t r i  d i she s at 3 7° C for 1 hour 

in an atmosphere o f  5 perc ent co 2 - in-air t o  remove contaminat ing 



monocyt e s  ( Horwit z and Garrett , 1 9 7 7 ) and t o  fre e  the 

lymphocyt e s  o f  adherent immunog lobulin ( Kurnick and Grey , 

1 9 7 5 ;  Lobo e t  a Z . , 1 9 7 5 ) . 
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The nonadherent c e l l s  were harve s t e d  and r e s us pended to 
6 

a concentrat i o n  o f  approximate ly 2 0x l 0  per ml i n  RPMI 1 6 4 0 . 

At least 9 5  percent o f  the c e l l s  were lymphocyt e s  and more 

than 9 5  p e r c e nt o f  the s e  were v i able as e s t imated by trypan 

b lue exc l u s i o n  ( Appendix L ,  

Preparat i o n  o f  Me s enteric Lymph Node Ce l l s  

The me s enteric lymph nod e s  o f  4 sheep were d i c e d  in 

RPMI 1 6 4 0 , pre s s e d  through a 4 0 -mesh stainle s s  s t e e l  s ie ve 

and the c e l l s  were washed l n  RPMI 1 6 4 0 by cent r i fu gat ion 

at 2 0 0  g for 1 0  min . 

Aft er r e s uspens ion ln medium , the c e l l s  were then 

incubat e d  in p las t ic petri d ishe s at 3 7 °C for 1 hour be fore 

the nonadhere nt c e l l s  were harve s ted and r e s u spended ln 
6 

RPMI 1 6 4 0  t o  approximat ely 2 0 x l 0  per ml . 

Nylon Woo l  Fract i onat ion of Lymphocyt e s  

Lympho c yt e s  were fract ionate d  o n  nylon woo l  column s  by 

the metho d  o f  Brown and Greaves ( 1 9 7 4 ) . Three hundred mg 

of nylon wo o l  ( Leukopak , Fenwa l ) were packed into the barre l 

o f  a d i s p o s ab l e  1 0  ml plas t i c  syringe and washed with 1 0 0  

ml o f  0 . 2  N HCl . A further wash w ith l O O  ml o f  d i s t i l led water 

was fol lowed by RPMI 1 6 4 0 conta ining 2 0  p ercent foetal 

bovine s erum ( F B S , Laboratory Service s ) ( RPMI 1 6 4 0 - F B S ) 

unt i l  the e lu t ing medium remained at pH 7 . 0  a s  j udged by 

the c olour o f  the neutral red indicator . The column was 

then s at u ra te d  with RPMI 1 6 4 0 - F B S  and incubate d  at 3 7 °C for 
6 

3 0  min . App ro ximate ly 8 0  x 1 0  lymphoc yt e s  i n  5 ml of 

RPMI 1 6 4 0 - FB S  were loaded onto the co l umn . Afte r  incubat ion 

at 3 7 ° C for 3 0  min the cells  were elut e d  at t h i s  t emperature 

ln 2 0  ml o f  RPMI - F B S  over a period o f  2 0  mln . C e l l s  retained 

by the nylon wool were free d  by teas ing this mat erial in 

RPMI 1 6 4 0 . Both the e luted and the freed lymphocyt e s  were 

p e lleted by c entr i fugat ion and r e suspended t o  approximat e l y  

2 0  x 1 0 6 c e l l s  pe r m l  in RPMI 1 6 4 0  a n d  were examined for the 

pre s ence o f  membrane markers and ANAE act ivity . 



Perco l l  Fract ionat ion o f  Lymphocyt e s  

Perco l l  ( Pharma c i a )  o f  dens ity 1 . 1 3 0  gm per ml was 

u s ed a s  d e s cribed by G ut ie rr e z e t  a l .  ( 1 9 7 9 ) .  Nine part s 

o f  Perc o l l  were mixed with 1 part o f  t e n fold concentrat e d  

P B S . Th i s  so lut ion , des ignated 1 0 0  p ercent Percoll , was 

further d i lut ed with normal P B S  to give concentrat ions o f  

7 0 ,  6 0 , 5 0  and 4 0  percent Percol l .  
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Approximat e ly 8 0  x 1 0 6 blood lymphocyte s ,  harve sted as 

d e s cribed above were centr i fuged i n  RPMI 1 6 4 0  at 2 0 0  g for 

1 0  min . The supernantant was d i s carded and 2 ml volume s o f  

e ach o f  t h e  Perco l l  concentrat ions w e r e  l ayere d over the 

c e ll p e l let to form a dis cont inuous gradient be ginning with 

l O O  percent Perco l l  and cont inuing i n  decreas ing concentrat ions . 

Th e gradient was then cent r i fuged at 1 7 5 0  g for 1 0  min and 

th e ce l l s  di splaced t o  each concentrat i o n  interface were 

c o l le ct e d . Tho s e  removed from the int e r face between the 

4 0  percent and 5 0  p ercent Perco l l  s o l ut ions were de s i gnat e d  

" Fract ion 1 " , tho s e  b etwee n  the 5 0  perc ent and 6 0  percent 

s o lut ions " Fract ion 2 " , and tho s e  b etween the 6 0  and 7 0  percent 

s o lut ions " Fract ion 3 " . The c e l l s  i n  e a ch o f  the fract ions 

were washed twi ce i n  RPMI 1 6 4 0  b y  c e nt r i fugat ion at 2 0 0  g 

for 1 0  min and wer e  examin e d  for memb rane markers and ANAE 

activity . 

Product ion of Ant i s er a  

( i ) Anti - T  c e Z Z  an t i s e ra 

The thymus from a cae s ar i an - de l i vered l amb was removed 

a s ept ically and washed in Eagle s ' min imum e s s ent ial medium 

( MEM , We l lcome ) ( Appendix ) .  The organ was d i c ed and pre s se d  

through a 4 0 -me sh s t ainle s s  s t e e l  t i s s ue s ieve . The c e l l s  

were washed once i n  MEM by centri fug ing at 7 0 0 g for 1 0  min 

and counted . Rabbi t s  were each i n j e ct e d  intraperitoneally 

w ith 1 0
8 

thymus c e l l s  ln 1 0  ml o f  MEM . The remaining c e l ls 

were s t ored at - 7 0 ° C ln MEM s up p l ement e d  t o  2 0  percent with 

FBS ( MEM- FB S )  and 1 0  perce nt d imethyl s u lphoxide . Fourte e n  

days later the s e  were thawe d and a s e cond intraperitoneal 

inj ect ion o f  approximat e ly 1 0 8 
c e l l s  was made� The rabb its 

were anae s thet i s e d  w ith ether and e x s an guinate d  1 8  days 

a fter the s e cond i n j e ct ion and the s era co l l e cted and s tored 



at - 2 0° C .  After b e in g  inact ivated at 5 6° C for 3 0  mln , 

e ach ant i s erum was ab sorb e d  twice for 3 0  min e ach with 

washed s h e e p  erythrocyt e s  ( 1 0 0  �1 packed c e l l s  per ml of 

antiserum ) , twic e  for 3 0  min w ith sheep l iver powder 

( Append ix) ( 1 0 0  mg of powder per ml of ant i s erum ) and 4 
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t ime s e ach for 3 0  min with lamb bone marrow ( Appendix) 

( approx imat e ly 1 part of bone marrow t o  1 part of ant i s erum ) ; 

all ab s orpt ions were done at room temperature . The s e  

absorpt ions fail ed t o  remove completely the nonspecific 

act ivity o f  the ant i s era when it was t e st e d  agains t  sheep 

lymphocyte s . However when the ant i sera were d iluted 1 : 7  

with PB S ( Johns on e t  a l . , 1 9 7 8 )  this act ivity was lost . 

The ant i s era were pre s erved with NaN 3 adde d t o  a final 

concentrat ion of 0 . 0 1 percent . 

( i i J  A n t i - o v i n e  gamma g l o b u l i n  a n t i s e ra 

Ovine gamma g lobulin ( OGG ) was prep ared from 4 0  ml 

o f  shee p  s e rum by the method of Herbert ( 1 9 7 6 ) .  Forty ml 

of a 7 0  p ercent s aturat e d  ammonium sul phate solut ion were 

added t o  the serum and mixed at room temperature for 2 hr . 

The mixt ure was c e ntrifuged at 2 , 0 0 0 g for 1 5  min . The 

supernatant was t h en removed and the pre c ip it at e  d i s s o lved 

in di s t i l l e d  wate r  to a volume of 40 ml . The add it ion of 

ammon ium s ulphat e and subs equent centri fugat ion were repeat e d  

twice . After t h e  final cent r i fugat ion t h e  prec i p itat e  was 

re suspended in a pproximate ly 2 ml of d is t i l l e d  water and 

dialys e d  against 0 . 1 5 M NaCl at 4° C for 2 0  hr ; with a 

change o f  s al ine aft er 1 6  hours . The prot e in concentrat ion 

was mea s ured at 2 8 0  nm and the homogene ity of the prep arat ion 

was as s e s s e d  by c e l lulo s e  acetate e l e ctrophore s i s  and 

immunoe lectrophore s i s  against sheep s erum . 

Rabbits  were e ach inj ected s ubcutaneous ly with an 

emulsion containing 7 0  mg o f  OGG in 1 ml of s a l ine and 1 ml 

of Fre und ' s  comp lete ad j uvant ( Difco ) .  Twenty one days lat er 

they rece ived further s ubcutaneous inj ect ions o f  7 0  mg 

· of OGG in Freund ' s  incomp lete adj uvant ( Difc o ) .  The animal s 

were b l e d  from their marginal ear veins 1 4  days after the 

s econd inj ection and the s era collected . Aft e r  b e ing heat 

inact ivat e d  the s era were ab s orbed with sheep erythrocyt e s  
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and l i ve r  powder as de s cribed above . The gamma globul in 

fractions  of the s e  ant i s era were obtained by ammonium 

s ulphat e precip itat ion and were conj u gat ed with fluor e s c e in 

i s othiocyanat e . 

Conj ugat ion o f  Ant i sera with Fluore s c e in I s othiocyanate ( FITC ) 

The t e chnique of John s on e t  a l .  ( 1 9 7 8 )  was fo llowed . 

The immune gamma g lobu lin was d i lut e d  t o  1 0  mg per ml by the 

add it i on of 1 0  percent ( final c on c e nt rat ion ) b icarbonat e 

buffer ( Appe nd ix ) and 0 . 1 5 M NaC l . F i ft y  � g  o f  FITC 

( I s omer l ,  B B L ) was added for each mg o f  gamma globul in 

and the s ol ut ion s t irred for 1 hr at room temperature . 

Uncon j ugat ed FITC was removed on a S e phadex G - 2 5  ( S igma ) 

column ( Appendix ) .  NaN
3 

was added t o  the FITC-gamma 

globu l in conj ugat e at a final conce ntrat ion o f  0 . 0 1 percent . 

Det e ct ion o f  Membrane Markers 

( i )  De t e c ti on o f  T ce l l - sp e c i fi c  a n t i g e n s  

One hundred � 1  o f  ant i - T  c e l l  ant i s era were added t o  
6 approximat e ly 2 x 1 0  lymphocyt e s  i n  l O O  � 1  o f  RPMI 1 6 4 0  

and incubate d  at 4° C for 3 0  min . The c e l l s  were then 

washed 3 t ime s i n  2 ml amount s o f  P B S  c ont aining 0 . 0 3 M 

NaN 3 ( PB S - NaN 3 ) by centrifuging at 2 0 0  g for 5 min . After 

the final c e nt r i fugat ion the lymphocyt e s  were re suspended 

in 1 0 0  � 1  P B S - NaN 3
, 2 5  � l  of FITC-conj u gat ed ant i -rabbit 

I gG ( We l lc ome ) were added and the c e l l s  were re - incubated 

at 4 ° C for 3 0  min . The c e l l s  were then washed 3 t ime s in 

P B S - NaN
3 

and f inally resus pended in a drop of 5 0  percent 

glycerol in P B S - NaN
3

. They were e xamined under a Re ichart 

Immunopan fluore s ce nt m1cros c ope fitted with a darkfie ld 

conden s e r  and a 5 0 0  nm wave length exciter f i lter . Two 

hundred ce l l s  were examined from e ach preparat ion . Contro l s  

were lymphocyt e s  incubat ed with 2 5  � 1  o f  FITC-conj ugated 

ant i � rabbit I gG . 

( i ii ) De te c t i o n  of Comp l eme nt Receptors  . 
Re ceptors for complement were d et e ct e d  by the methods 

o f  Ka j da c s y- Balla amd Mende s ( 1 9 7 6 )  and Sher and Mc intyre 

( 1 9 7 7 ) .  Four hundred �g of zymo s an A ( S igma ) were added t o  

e ach 1 m l  o f  MEM - F B S . The suspens ion was s on i cated to 

( i i ) De t e c t i o n  of Surface Immunog l o b u l i n 

Surface immunoglobu l in wa s detected by the method of 

Cahill  et a l .  ( 1 9 7 8 ) . One hundred ul of FITC-conj ugated 

ant i - OGG were added to 1 0 0  u l  of a lymphocyt e suspe n s 1on 

containing approximate ly 2 x 1 0
6 

c e l l s . Th i s  mixture was 

incubat ed at 4 °C for 3 0  min , washed 3 t ime s in P B S -NaN 3 
by centrifugat ion at 2 0 0  g ,  mounted and examined as de s cribed 

above . 



disperse the zymo s an part i c l e s  and then incubated with 

an equal vo lume o f  und i lu t e d  guinea p i g  s erum ( We l lcome ) 

at 3 7 ° C for 1 hr . The comp leme nt - coat ed ( ZC )  part i c l e s  

were washed 3 t imes in MEM - F B S  a t  2 0 0  g for 5 mln , 

re s u sp ended in MEM- F B S  t o  the ir ori g inal vo lume and 

sonicat e d . 

Two hundred � 1  o f  Z C  p art i c l e s  were incub ated at 3 7 °C 

for 1 hr with 2 0 0  � 1  o f  RPMI 1 6 4 0  containing approximat e ly 

4 x 1 0 6 lymphocyt e s . The c e l l s  were then centrifuged for 

5 min and the p e llet n e s u s p ended in 1 0 0  � 1  of MEM- F B S . 

4 2  

One drop o f  G iemsa st ain was added to a id detect ion o f  the 

lymphocyt e s . Lymphocyt e s  with 3 or more adherent part i c l e s  

were cons idered po s it ive f o r  C receptors ; 2 0 0  c e l l s  were 

co unt ed for each pre parat ion . Contro l preparat ions cons isted 

o f  a s imilar concentrat ion o f  untreat e d  z ymos an part ic l e s  

incubated with she e p  lymphocyte s . 

( iv )  De te c t i o n  o f  Fe re c e p tors 

The method o f  S j oberg and Inganas ( 1 9 7 9 )  for the 

det e ct ion of receptors on human l ymphocyt e s  was followed . 

Lat ex bead s  ( S igma ) , approximat e ly 0 . 8  � d iameter , were 

suspended at a concent rat ion of 0 . 4  percent in 2 percent 

ov ine gamma globu l i n  ( Fract ion I I , Hyland Laboratorie s ) 

in P B S  and incubat ed at 3 7 °C for 2 4  hr . The IgG- coated 

latex ( I gG - lat e x ) p art ic l e s  were then washed 3 t ime s in P B S  

b y  c entr i fu gat i on at 8 0 0  g f o r  1 0  m i n  and resuspended t o  0 . 2  

percent in P B S  containing 2 . 5  percent bovine serum albumin 

and 0 . 0 2 percent NaN
3

. The s u spens i on was sonicat e d  t o  

di srupt aggre gate s .  

Approximate ly 2 x 1 0 6 lymphocyt e s  ln l O O  � 1  o f  RPMI 

1 6 4 0  were added to an e qual volume o f  the IgG-latex 

suspens ion and cent r i fuged at 2 0 0  g for 5 mln . The pellet 

was incubated at room t empe rature for 15  min , resus pended 

in a drop o f  RPMI 1 6 4 0  and e xamined . A lymphocyte was 

cons idered pos itive for Fe receptors i f  it had 3 or more 

adherent part ic le s ; 2 0 0  c e l l s  were count ed for e ach e s t imat ion . 

Control determinat ions were made by incubat in g lymphocyt e s  

with l O O  � 1  o f  0 . 2  p e rcent s u spens ion o f  uncoated latex 



bead s . 

Det e rminat ion o f  Acid a Naphthyl Acetate E s t e ra s e  ( ANAE ) 

Act i v it y  

ANAE act ivity was det ermined b y  the t echn i que o f  

Ku lenkampff e t  a l .  ( 1 9 7 7 ) .  

( i )  Prep a ra t i on o f  t h e  ANA E  s ta i n  

O n e  g m  o f  pararo s an i l ine hydrochloride ( Sigma ) was 

d i s s olved by warming in 2 0  ml of d i s t i l le d  wat e r  and 5 ml 

of 3 5N H Cl ; th i s  s o lut ion was . filtered and s t ored at 4°C 

1n the dark . Hexazot i s e d  pararo sanil ine was prepare d by 

add ing 2 ml of fre shly made 4 percent NaN0 2 to 2 ml of the 

pararos an i l ine hydro chloride sol ut ion and mixed for l m1n . 

Forty ml o f  0 . 7  M pho s phat e buffer , pH 5 . 8  ( Appendix ) 

were added and the s o lut ion ad j usted t o  pH 5 . 8  with 1 0  M 

NaOH . F inal l y , 1 0  mg o f  a naphthyl acetate ( S igma ) was 

d i s s o lved in 4 0 0  � l  of acetone and added to the mixture . 

( i i )  S t a i n i ng o f  Z ymp ho cy t e s  

4 3  

Lymphocyt e s  were re suspended 1 n  2 0 0  � l  o f  F B S  and 

cyt o c e nt r i fuged ont o  gl a s s  s l ides at 1 , 5 0 0  rpm for 1 0  min . 

The s e  preparat ions were fixed wet 1n 2 . 5  p ercent 

g lutaraldehyde in P B S  at 4° C for 1 0  min and wa shed 1n water . 

The s l id e s  were incubat ed in the ANAE stain for 3 hr at 3 7 ° C .  

Aft er washing in wat er and counterstaining with 0 . 2  perc ent 

l i gh t  green in 0 . 2  percent acet i c  acid , the preparat ions were 

dehydrat e d  in a s e r i e s  of a lcoho l s ,  c l e ared in xylol and 

mount e d  in D . P . X . mount ant ( BDH ) . 

( i i i ) Prepara t i o n  and s taining o f  lymp ho i d  ti s s u e s  

P i e c e s  o f  thymu s e s , spleens , t on s i l s  and lymph nodes 

co l le ct e d  from l amb s at a s l aught erhous e were fixed in 

forma l - s ucro s e  ( Appendixl at 4°C for 2 4  hr be fore b e ing 

tran s ferred to Ha lt ' s  so lut ion ( Append i xl t o  be infilt rated 

at 4° C for a further 2 4  hr . Fro zen s e c t i on s  o f  the s e  t i s sue s , 

cut t o  approximate ly 8 � thickne s s , were air-dried and placed 

in the s taining medium within 3 0  min, stained , c ounterstained , 

dehydrat e d  and mount ed as be fore . 

RE SULT S  

A .  THE E VALUAT ION O F  LYMPHOCYTE MARKE R  REAGENTS US ING 

LYMPHOCYT E S  FROM NORMAL SHEE P 



( i )  B l o o d  Lymp ho cy te s 

The mean percent age s and the ranges o f  values of 

lymphocyt e s  from b lood expre s s ing T c e l l  ant igens , S i g , 

C and Fe receptors are shown i n  Tab l e  8 .  T c e l l  ant igens 

were detected on 6 8 . 7  percent o f  the c e l l s  whi l e  2 5 . 3  

percent bore S i g . Z C  ros e t t e s  formed w ith 1 4 . 1  percent o f  

the lymphocyte s and I gG - l at e x  p art i c l e s  adhered t o  1 6 . 7  

percent of c e l l s . 

Le s s  than l perce nt o f  c e l l s  react e d  in any of the 

control lympho cyte preparat ions . 

( ii )  B l o o d  Lymp h o cy t e s  Fra c t i o n a t e d  b y  Ny l o n  Woo l  

4 4  

Following nylon wool fract ionat ion o f  b lood lymphocyte s  

the nonretained ce l l s  were e nr i ched for T lympho cyt e s  

( 9 4 . 4 percent ) wh ile 2 . 1  percent were S i g-pos it ive . The 

retained c e l l  populat ion c on s i s t e d  of 5 3 . 9  percent T c e l l s  

and 4 5 . 5  percent B c e l l s  ( Table 9 ) . 

( i ii ) Me s e n t e r i c  Lymph Node Lymp h o cy t e s  

Lymph nod e s  from 4 sheep had a mean o f  6 9 . 4  percent 

T and 2 7 . 3  percent B lymphocyt e s  ( Tabl e 1 0 ) .  

B .  THE E VALUAT I ON OF ANAE STAINING U S ING LYMPHOCYTE S FROM 

NORMAL SHE E P  

( i )  B l o o d  Lymp h o cy t e s  

A mean of 6 6 . 4  percent o f  blood lymphocyt e s  showed 

eith e r  a s ingle dis crete paranuc lear s p ot or s everal 

smal ler granul e s  of ANAE act ivity d i s t ribut ed throughout the 

cytoplasm of the ce l l  ( F igure 3 ;  Table 11 1.  Although a mean 

of 6 8 . 0  percent of l ymphocyt e s  from the same populat ions 

were T c e l l s  as j udged by the dete ct ion o f T c e l l  ant igens , 

regre s s ion analys i s  o f  the individual r e s u lt s revealed no 

re lat ionship betwe en the percentage value s for ANAE ­

po s it ive and T c e l l s , a s  only 4 . 8 percent ( r
2 

= 0 . 4 8 4 )  of 

the variat ion was common t o  both cell s ubpopul ations . 

( i i i � B l o o d  Lymp h o cy t e s  Fra c t i on a t e d  b y  Ny l o n  Wo o l  

To further as s e s s  the re lat ionship , i f  any , betwee n  

ANAE act ivity and T lymphocyt e s  ident ified by ant i-T ce l l  

ant i s era , T c e l l - enriched populat ions were prepared b y  

nylon woo l fract ionat ion o f  b lood lympho cyt e s  and stained 



TAB LE 8-

THE PERCENTAGES OF NORMAL S HEEP B LOOD LYMPHOCYTES 
BEAR I NG VARIOUS SURFACE MARKERS 

Mean
(a) 

n 

Range 

T Sig c 

6 8 . 7± 8 . 1  

2 1  

5 3 . 4-84 . 8  

25 . 3± 9 . 2  

2 9  

11 . 2-47 . 6  

14. 1± 3 . 6 

8 

7 . 5-18 . 8  

T :  T lymphocyte antigens 

Sig : surface immunoglobulin 

C :  C receptor 

Fe : Fe receptor 

n :  number of determinations 

(a) mean ± standard deviation 

Fe 

16 . 7± 3 . 1  

10 

12 . 0-22 . 2  

4 5  



Mean
(a) 

n 

Range 

TABLE 9 

NYLON WOOL FRACTIONATION O F  N ORMAL S HEEP LYMPHOCYTES : 
THE PERCENTAGES OF UNFRACTIONATED AND FRACTIONATED 

LYMPHOCYTES EXPRESS ING EITHER T CELL ANTIGENS 
OR S URFACE IMMUNOGLOB ULIN 

Before Fractionation Nonretained cells 

T 

74 . 0±10 . 4  

6 

57 . 8-84 . 8 

Sig T 

24. 1± 7 . 6  94 . 4±3 . 2  

7 6 

12 . 0-3 2 . 1  8 8 . 9-97 . 3  

T : T lymphocyte antigens 

Sig : surface immunoglobulin 

n : number of deter.minations 

(a) mean ± standard deviation 

Sig 

2 . 1±1 . 7 

7 

1 . 0-5 . 5 

Retained cells 

T Sig 

5 3 . 9± 7 . 0  45 . 5±10 . 2  

3 7 

46 . 4-60 . 3  3 5 . 6-67 . 4  

-!=" 
CJ) 



TABLE 1 0  

THE PERCENTAGES O F  NORMAL SHEEP MES ENTER I C  LYMPH 
NODE LYMPHOCYTES EXPRES S I NG E I THER T CELL 

ANTIGENS OR SURFACE I MMUNOGLO BUL I N  

Mean(a) 

n 

Range 

T 

6 9 . 4± 3 . 4  

4 

66 . 1-7 3 . 8  

T :  T lymphocyte antigens 

Sig : surface immunoglobulin 

n :  number of de-terminations 

(a)  Mean ± standard deviation 

Sig 

27 . 3±10 . 2  

4 

12 . 4-35 . 3  

4 7  



Fac i ng page 4 8  

FIGURE 3 :  Norma l  sheep b lood lymphocyt e s  with ANAE -po s it ive 
c e l l s  s howing focal ( e )  or granular ( • )  act iv ity , 
and ANAE -negat ive c e l l s  ( T ) . ( Magnifi cat ion 4 2 0  
t ime s ) 

· 

F IGURE 4 :  Lymphoid fo l l i c l e  o f  a me s enteric lymph node from 
a she ep . The fo l l icular centre c e l l s  are predom­
inant ly ANAE -negat ive and are surrounded by a cuff 
of c e l l s  that are ANAE -po s it ive . ( Magn ification 
1 5 0  t ime s ) 

F IGURE 5 :  The paracort ex o f  a me s enteric lymph node from a 
she ep . The paracortex shows a mixture of 
ANAE -p o s i t ive ( e )  and ANAE -negative ( T ) c e l l s . 
( Mag n i fi cation 6 6 0  t ime s )  





TAB LE 1 1  

TH E PERCENTAGES OF NORMAL S HEEP B LOOD LYMPHOCYTES 
EXPRESS ING T CELL ANT IGENS AND HAV I NG ALPHA 

NAPHTHYL ACETATE ESTERAS E ACT I V I TY 

T 

7 7 . 8  

8 4 . 3 

57 . 8  

6 1 . 4 

6 0 . 0  

6 8 . 0  

7 3 . 8  

7 0 . 5  

6 4 . 8 

6 0 . 2  

7 5 . 1  

6 2 . 1  

Mean(a) 
68 . 0±8 . 41 

n 12 

Range 8 4 . 3-57 . 8  
2 

= 0 . 0 4 8 4 r 

t=O .  7132 ns 

T :  T 1 ymphocyte antigens 

ANAE :  alpha naphthyl acetate esterase 

n :  number of deterrninations 

ns : not significant 

(a) mean ± standard deviation 

ANAE 

61. 0 

7 0 . 0 

7 2 . 3 

7 4 . 2 

67 . 2  

58 . 2  

54. 1 

67 . 0  

66 . 4  

7 9 . 5 

62 . 8  

64 . 3  

66 . 4±7 . 1  

12 

79 . 5-54 . 1  

4 9  
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for ANAE act ivit y . Table 1 2  shows t hat whi le the nonret ained 

fract i o n  lS enr i ched for T c e l l s  ( me an 9 4 . 7  p ercent ) and 

deple t e d  of B c e l ls ( mean 1 . 7  percent ) a marked d i s parity 

occurs whe n  the T c e l l  value is compare d  with the ANAE ­

po s it iv e  value ( mean 4 3 : 2  percent ) .  The ANAE - po s it ive c e l l s  

in the T c e l l - e nr iched fraction general ly s howed s ma l l  

granul e s  o f  act ivity ; c e l l s  bearing s ingle s p ot s  o f  enzyme 

activity were found frequent ly in the adherent populat ion . 

A s ingle fract ionat ion o f  human blood l ymphocyt e s  was 

used t o  evaluat e the behaviour of ANAE - p o s it ive c e l l s  ln a 

nylon woo l  co lumn . The pe rcentage s o f  ANAE - p o s it ive 

ce l l s  r e covered from both the retained and nonret ained 

fract ions were in agreement with the expect e d  re s u l t s  for 

human T c e l l s  ( Brown and Greave s ,  1 9 7 4 )  although actual 

T lymphocyt e numb ers were not determined . The maj ority o f  

ANAE�po s it ive human lymph o cyt e s  i n  the ny lon woo l  e luate 

had a s ingl e spot of act ivity l n  the cytoplasm . I n  c ontrast , 

mos t  o f  the she e p  lymphocyte s  l n  the e l uate d i s played 

granular ANAE act ivity in the cytoplasm . 

( i i i )  B l o o d  Lymp h o cy t e s  Fra c t i o n a t e d  o n  Pe rco l l  Gradi e n t s  

The d i stribut ion o f  T and B lymphocyt e s  acro s s  a 

Percoll  d i s cont inuous den s ity gradient was det ermined us ing 

ant i-T ant i sera and Sig s t a inin g  in conj unct ion with staining 

for ANAE act ivity . The v a lues obtained for T and B c e l l s  

were s ub j ected t o  a Student ' s  t t e s t  and are c on s idered 

s e parate ly ( Tabl e  1 3 ) .  In Fract ion l there was s ign i f ic ant 

enrichme nt of B l ymphocyt e s  whe n  c ompared to unfract ionated 

cells ( t  = 4 . 0 2 9 , p = 0 . 0 1 ) ; and ln Fract ion 3 ,  T lymphocyte 

enrichment occurre d  ( t  = 3 . 1 4 9 , p = 0 . 0 5 ) . H owever , only 

about 9 percent of the total c e l l s  were recovered ln each 

of the s e  2 fract i ons . The maj or it y  o f  c e l l s  were found in 

Fraction 2 ,  where the proport ion of the 2 s ubpopulat ions 

did not d i f fer s ignifi cantly from that f ound in unfract ionat e d  

lymphocyte s . Although enr ichment f o r  B c e l l s  occurred in 

Fra ct ion l and for T c e l l s  in Fract ion 3 ,  the s e  fract ions 

were not s ign i f ic ant ly depleted o f  the other lymphocyt e 

s ubpopulat ions . 

The pairs o f  value s for T and ANAE -p o s it ive c e l l s  from 



Mean (a) 

n 

Range 

TAB LE 1 2  

NYLON WOOL FRACT I ONAT I ON OF NORMAL SHE E P  LYMPHOCYT E S  

THE PERCENTAGE S O F  UNFRACT I ONATE D  AND F RACT IONAT E D  

LYMPHO CYT E S  E XPRE S S I N G  T C E L L  ANT I GE N S  AND HAV I N G  

ALPHA NAPHTHYL A CETATE E ST E RASE ACT I V I T Y  

Before Fractionation Nonretained cells 

T 

7 3 . 3±13 . 8  

3 

8 4 . 3-57 . 8  

ANAE T ANAE 

68 . 6± 5 . 1  94 . 7± 2 . 2  4 3 . 2± 9 . 3  

4 3 4 

7 2 . 3-61 . 0  97 . 0-92 . 6 52 . 2-30 . 3 

T : T lymphocyte antigens 

ANAE : alpha naphthyl acetate esterase activity 

n : number of determinations 

(a) mean ± standard deviation 

Retained cells 

T ANAE 

46 . 4  6 9 . 1 

l 1 

(J1 
f-' 
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TABLE 1 3  

PERCOLL D I S CONT I NUOU S GRAD I ENT F RACT I ONAT I ON O F  NORMAL SHE E P  LYMPHOCYT E S  

THE PE RCENTAG E S  O F  UN FRACT I ONAT E D  AN D F RACT I ONAT E D  

Mean (a) 

n 

LYMPHOCYT E S  E XPRE S S I NG E I THE R T CE L L  ANT I GE N S  

Before Fractionation 

T Sig 

65 . 1± 5 . 8  31 . 9±11 . 6 

5 5 

OR SURFACE I MMUNOGL OBUL I N  

Fraction 1 

T Sig 

59 . 3± 4 . 5 5 6 . 9± 4 . 5  

4 4 

Fraction 2 

T 

60 . 4± 9 . 4  

5 

Sig 

40 . 0± 20 . 3 

5 

Range 60 . 0-7 3 . 8 14 . 0-43 . 0  47 . 0-69 . 4  53 . 0-6 3 . 0  

9 . 2 

49 . 5-71 . 8  14 . 0-66 . 4  

44 . 0 

2 1 . 9-84 . 7  

Yield(b)  

Range of Yield 2 . 1-24 . 4  

t=l.  220  

ns 

t=4 . 029  

p=O . Ol 

T :  T lymphocyte antigens 

Sig : surface immunoglobulin 

n :  mnnber of dete:rminations 

ns : no significant 

(a) Mean ± standard deviation 

t= 0 . 9522  

ns 

(b) Percentage of total lymphocytes recovered 

- - ----

t=0 . 7 69 

ns 

Fraction 3 

T Sig 

8 1 . 0± 9 . 7  72 . 2±19 . 2 

5 5 

67 . 1-90 . 5 2 . 0-47 . 0  

9 . 3 

2 . 5-20 . 0 

t = 3 . 149 

p= 0 . 05 

t = 0 . 9659  

ns 

(.Tl 
N 
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the Per c o l l  grad ient fract ionat ion were evaluate d  stat i st ically 

by regre s s ion analys i s  ( Tab le 1 4 ) . 

a )  Unfrac t i on a t e d  l y mp h o cy t e s  

The p ercent age s o f  ANAE - po s it ive and T l ymphocyt e s  

were d e te rmined b e fore each o f  5 Perco l l  fract ionat ions . 

When the 5 pairs o f  valu e s  obt ained were analys e d  a negat ive 

regr es s ion was found . Howeve r , the s e  value s were part of the 

larger ana lys i s  of unfract ionat ed lymphocyt e s  ( s e e  ( i )  

above ) where no re l at ionship could be found , hence this  

negat ive r e gre s s ion i s  l i k e ly to be a chance e ffe ct of  

samp l in g . 

b )  Lymp h o cy t e s  from Fra c t i on 1 
Four pairs o f  value s s ub j e ct ed t o  the same type of 

anal y s i s  d id not show any s ignificant relat ionship between 

ANAE -po s it ive c e l l s  and T lymphocyt e s . 

c )  Lympho cy t e s  from Fra c t i on 2 

Whe n  the r e s ult s o f  Fract ion 2 from 5 experiment s were 

examine d , a s ig n i f ic ant po s i t i ve re l at ionship between 

T c e l l  and ANAE value s was found . E i ghty three p ercent of 

the var i at ion o f  the ANAE values was common with that o f  

the T value s ( t  = 3 . 8 5 5 ;  0 . 1  < p < O . S ;  3 de gre e s  o f  freedom ) . 

Using t he d erived e quat ion , i t  could b e  predicted that 3 1 . 4 

perc e nt o f  T lymphocyt e s  would not have ANAE act ivit y . 

Becau s e  o f  t he small number o f  samp l e s  confidence leve l s  

were not c a l culat e d . 

d )  Lympho cy t e s  from Fra c t io n  3 

No s ignificant relat ionship was found between T 

lymphocyt e s  and ANAE - p o s i t ive c e l l s  in Fract ion 3 from 5 

exper iment s .  

( iv )  A NA E  A c t i vi ty o f  Ce l l s i n  Ti s s u e  Se c ti o n s  

S e ct ions from t hymuse s , s p leens t on s i l s  and popl it eal 

and me s ent eric lymph node s were examined to determine the 

distribut ion o f  ANAE - po s it ive and ANAE -ne gat ive c e l l s . 

The fo l l icular centre c e l l s  o f  lympho id f o l l i c l e s  o f  

t ons i l , s p l e en a n d  lymph nod e s  ( Figure 4 )  contained 

predominan t ly ANAE -ne gat ive c e l l s  s urrounded by c ompact 

cuffs of c e ll s  t hat were mos t l y  ANAE - p o s it ive . The 



Mean ( a ) 

2 
r 

t 

TAB LE 1 4  

P E RCOLL D I S CONT I NUOUS DEN S I TY GRAD I ENT FRACT I ONAT I ON OF NORMAL 

SHE E P  LYMPHOCYTE S :  THE P E RC E NTAGE S O F  UNFRACT I ONAT E D  AND 

F RACT I ONAT E D  LYMPHOCYT E S  BEAR I N G  T CE LL ANT I GE N S  AN D 

HAV I NG AL PHA NAPHTHYL ACETATE E S T E RASE ACT I V I TY 

Be fore Fract ionat ion Fraction 1 

T ANAE T ANAE 

6 2 . 1  6 4 . 3 6 9 . 4  5 4 . 2  

7 3 .  8 5 4 . 1  5 5 . 2 6 3 .  8 

6 8 . 0 5 8 . 2 ND ND 

6 0 . 0 6 7 . 2  4 7 . 0 6 3 . 5  

6 1 . 4  7 4 . 2 6 5 .  7 6 7 . 4  

6 5 . 1 ± 5 . 8  6 3 . 6 ± 7 . 8  5 9 . 3 ± 1 0 . 2  6 2 . 2 ± 5 . 6  

0 . 7 6 6 3  0 . 1 6 5 7  

3 . 1 3 6  p > 0 . 0 5 0 . 6 3 0 2  n s  

T : T lymphocyt e ant igens 

Fract ion 2 

T ANAE 

4 9 . 5  2 6 .  0 

7 1 . 8  6 6 . 5  

6 2 . 5 5 1 . 5  

5 2 . 0 3 4 . 1  

6 6 . 0 4 2 . 0  

6 0 . 4 ± 9 . 4  4 4 . 0 ± 1 5 . 7  

0 . 8 3 2 0  

3 . 8 5 4 6  < 0 . 0 5  
P > O . O l 

ANAE : alpha naphthyl acetat e  e s t erase act ivity 

ND : not done 

ns : not s i gni ficant 

( a )  me an ± st andard deviat ion 

-----

Fraction 3 

T ANAE 

6 7 . 1  4 7 . 4  

9 0 . 5  4 4 . 8 

7 5 .  0 5 0 . 7  

8 4 . 5 3 0 .  8 

8 7 . 8 5 2 . 2  

8 1 . 0 ± 9 . 7  4 4 . 2 ± 8 . 6  

0 . 4 4 7 1  

0 . 3 7 4 7  n s  

(Jl 
-+= 



paracort e x  and me dul lary cords of the lymph node s and 

the s p l e n i c  art e r i o lar sheaths showed both ANAE -po s it ive 

and ANAE -n e gat ive c e l l s , ( F igure 5 )  the former being the 

more numerous but not pre ferent ially distributed to the 

thymu s -dependent areas . There was no evidence of the 

s p e c i f i c  c ompartmentali sat ion o f  c e l l s  bearing either a 

s ingle s p ot or mult iple granul e s  o f  ANAE act ivity . 

S ect ions from the thymus o f  a 6 months-old-lamb 

5 5  

showed t hat mo st o f  the c e l l s  1 n  both the cort ex and the 

medulla had e ithe r  a s ingl e  s pot or a granular distr ibut ion 

of ANAE act i vity . 

D I S CU S S I ON 

The reagent s and techn iqu e s  u s e d  ln the s e  experiment s 

a l lowed the ident i f i cat ion of sheep T and B lympho cyt e s . 

Although it was not s hown directly that T c e l l  ant igen­

b ear ing and S i g - p o s i t ive c e l l s  were mutually exclu s ive 

s ubpopul at ions , i n  mo s t  i n s tan c e s  the total of the 2 value s 

were l e s s  than l O O percent o f  the t ot a l  lympho cyt e s , 

imp lying a lack o f  overlap between the s e  2 s ubpopul at ions . 

Further e vidence t o  s upport the s p e c i f i c ity o f  the s e  

immuno l o g i cal reagent s came from the examination o f  nylon 

woo l  fract i onat e d  lymphocy t e s . The nonretained c e l l s  from 

the nyl o n  wool c o l umn cont a ined few S i g-bear ing lymphocyt e s  

whi l e  over 9 4  p erce nt o f  the s e  c e l l s  were T c e l l s . 

Conver s e ly , the retained fract i on was enriched for B ce l l s 

and re lat ive ly d e pleted o f  T c e l l s . Although doub le marker ,  

deplet ion and funct ional s t ud i e s  may have further confirmed 

the s p e c i f i c ity o f  the s e  reagent s , the l imited rang e  of 

markers avai labl e  prec luded s u ch verificat ion . Furthermore , 

Outteridge e t  a Z .  ( 1 9 8 l a )  found that double re s et t in g  

interfered with t h e  c ount o f  e ach marker and fe lt that 

phys ical s e parat ion data were more va l i d  than tho s e  derived 

by doub l e  marker analys i s . 

E resett ing t e chniqu e s  for the ident i fication o f  T ce l l s  

have b e e n  succe s s fu l  i n  a numbe r  o f  s p e c i e s , and B inns 

( 1 9 7 8 ) has d e s cribed the u s e  o f  s he e p  erythrocyt e s  in dextran 

for the d e t e c t ion of sheep T lymphocyt e s . However , in 



pr e l iminary stud i e s  not report e d  here , this t e chnique was 

found to be unr e l iab le . in that les s t han 6 percent o f  

she e p  l ymphocyte s formed ros et t e s . Att empt s t o  form E 

ro s e t t e s  between s he ep T lymphocyt e s  and human , he dgehog , 

opo s sum ,  goat , c at t l e  erythrocyt e s  were a l s o  unsucce s s fu l . 

Re l iance was therefore placed o n  ant i -T cell  ant i s era to 

det ect the s e  c e l l s  and probl ems of reagent s p e c i fi city 

were large l y  re s o lved by a number o f  absorpt ions w ith 

lamb bone marrow and by d i luting the ant i s er a  with P B S . 

The me an percent age o f  blood lympho cyt e s  bear ing T 

c e l l  ant igens was 6 8 . 7  percent . Us ing an ant i - T  ce l l  

ant i s erum , Bohs e t  a l . ( 1 9 7 6 )  found t hat approximat ely 5 5  

percent o f  sheep blood lymphocyt e s  were T ce l l s . Stud i e s  
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us ing E re s etting t e chniqu e s  for she e p  T c e l l  ident ificat ion 

( Binns , 1 9 7 8 ; Outteridge e t  a l . , 1 9 8 la , b )  indi cat e d  that , 

at mos t  4 0  percent o f  sheep lymphocyt e s  formed T c e ll 

ro s e tt e s .  There fore the us e o f  ant i - T  cell  ant i s era appears 

to det e ct more sheep T lymphocyt e s  than doe s  the u s e  o f  

E ro s e t t ing t e chniqu e s  imp lying that a l arge proport ion 

of t he non-E re s ett ing , non - S i g  bear ing c e l l s  are thymu s ­

derive d . I n  fact , Outter idge e t  a l .  ( 1 9 8 la )  r eported 

that in u t e ro thymect omy led to the l o s s  of " nul l "  c e l l s  

from s h e e p  b lood , and the u s e  o f  het e ro logous ant i -T c e l l  

ant i s er a  may more accurat e l y  d et e ct t h e  distribut ion o f  

thymus - de r ived lympho cyt e s  i n  t h e  sheep than E resett ing 

t e chniq ue s .  

For B c e l l s , 2 5 . 3  percent o f  blood lymphocyte s  had 

det e ctabl e  S i g . Other stud i e s  us ing immuno fluor e s cent 

t e chnique s report ed value s ran ging from 15 to 3 3  percent 

( Ey ,  1 9 7 3 ;  Symon s  and Binns , 1 9 7 5 ;  Bohs e t  a l . , 1 9 7 6 ; 

Outteridge e t  a l . , 1 9 8 la , b ) . 

The va lue for C receptor bearing c e l l s  seen in thi s  

s t udy ( 1 4 . 1  percent ) was lower than that reported by 

Outteridge e t  a l . , ( 1 9 8 la ) who d e s cribed 2 8 . 8 percent o f  

ce l l s  b e ing C recept or-po s itive . The s e  authors used EAC 

instead o f  ZC comp lexe s and found that the method o f  

lympho cyte i s o lat ion influenced the value s for both E 



res et t in g  and S i g�bear ing lymphocyte s . As they did not 

determine t he percent age o f  C r ecept or-bearing c e l l s  in 

F i co l l / hypaque � s e p arated lympho c yt e s , d irect comp arisons 

with the re sult s  from the pre s ent s tudy can not be made . 

The value for Fe receptor-bear i n g  lymphocyt e s  ( 1 6 . 7  

percent ) i n  this s tudy was lower than the approximate 3 6  

percent detected by Outteridge e t  a l .  ( l 9 8 lb ) . Again 

d ifferen c e s in te chnique and l ymphocyte separat ion cou ld 

account for this d i s crepancy in r e s u lt s . However , ln 

another r e p ort , Outter idge et a l .  ( l 9 8 la )  detected only 
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7 . 4  percent Fe re ceptor b e ar i n g  lymphocyt e s ; this di fference 

in the i r  2 result s, whi ch lS not a l luded to i n  e ither o f  

the ir paper s , may b e  due t o  the ir var i o u s  methods o f  

lymphocyte s eparat ion . 

There do not appear t o  be any report s  de fining 

lymphocyte s ubpopulat ions of p e ripher a l  lymph nodes u s in g  

both T a n d  B ce l l  markers s imul t ane o u s l y . The re sult s o f  

t h e  det e ct ion o f  S ig on mes ent e r i c  l ymph node lymphocyt e s  

were i n  general a gre ement t o  t ho s e  o f  Cah i l l  e t  a l . ( 1 9 7 8 )  

who found a range from 1 8  t o  3 4  percent o f  S i g-po s it ive c e l l s . 

The cytochemi cal ident i f i cat ion o f  sheep T lymphocyte s 

was at t empt e d  us ing ANAE activi t y  as an alternat ive to 

immun o l o g i cal t e chnique s .  A lt hough u s e ful a s  a T c e l l  
' 

marker i n  man ( Knowl e s  e t  a l . � 1 9 7 8 ) , ANAE appear s  not t o  

b e  a s p e c i f i c  marker for sheep T c e l l s . Whi l s t  the value s 

for both T c e l l  ant igen-bear i n g  and ANAE -pos it ive lymphocyt e s  

appeare d t o  b e  i n  c l o s e  agre ement , r e gr e s s ion analys i s  

showed t hat no re lat ionship e x i s t e d  b etween the s e  2 set s 

o f  dat a .  This d i fference was e mpha s i s e d  by the lymphocyte 

fract ionat ion studies wh i ch showed t hat although the c e l l s  

e l ut e d  from the nylon woo l c o l umn were enriched for T 

lymphocyt e s , the s ame fract ion was not e nriched for c e l l s  

with ANAE activit y . A reduct ion i n  ANAE -pos itive ce l l s  i n  

t h i s  fra c t i on was not exp e ct e d  and t h e  pos sibi lity was 

con s idere d  t hat c e l l ul ar interact ions with nonphys iological 

material s  a nd pro longed incubat ion at 3 7 ° C may have caus e d  

a red i s ±r ibut ion o f  ANAE act ivity i n  t h e  lymphocytes . Thi s  
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was inve s t igated by the u s e  o f  P erco l l  dis cont inuous dens ity 

grad�ent fract ionat ion . Although the use of Percol l  

fract ionat i o n  fai l e d  t o  provi de purified sheep T and B 

c e l l  s ubpopul at ion s as reported by Gutt ierre z e t  a Z .  ( 1 9 7 9 )  

for human lymphocyt e s , there was a s t at i stically s ignificant 

part itioning o f  B lymphocyt e s  t o  the l e s s  den s e  fraction 

o f  the Perc o l l  gradient and T lympho cyt e s  to the more 

dens e .  Re gre s s io n  analys i s  found a po s it ive re l at ionship 

b etween T lympho cyt e s  and ANAE - po s it iv e  cells  only in 

Fract ion 2 .  The s ignificance of the relat ionship i s  unknown . 

The gradi ent may have been s p � c i fi cal l y  enriched for T c e lls  

that were al s o  ANAE - po s it ive ; h owever , this  needs further 

inve s t igat ion t o  e x c lude the p o s s ib i l ity that this wa s a 

chanc e  r e s u l t . 

There was l i t t l e  evidence for a c lustering o f  ANAE ­

p o s it ive or ANAE - n e gat ive c e l l s  in . d ifferent c ompartment s 

in lymph n o de s , t on s i l s  or s p l e ens . Although f o l l i cular 

centre c e l l s  were mainly ANAE -negat ive no othe r  pre ferent ial 

d i stribut i o n  of c e ll s  was obs erved . 

The det ect i on o f  ANAE act ivity has been u s e d  previously 

ln the s h e e p . N emeth et a Z .  ( 1 9 7 9 )  u s e d  ANAE t o  ident i fy a 

thymic lymphobl a st oma as b e in g  T c e l l  in origin , but they 

did not u s e  immunol og ical markers t o  verify their obs ervat ions . 

In experimen t s  not report e d  i n  this t he s i s  the ANAE t e chnique 

was app l i e d  to a n umber of s po radi c  ov ine lymphomas without 

any corre l at io n  b e in g  found between the cyt o chemi cal and 

immunological re s ult s . The s e  c omb ined obs ervat ions indicat e  

that ANAE act ivity i s  not s p e c ific f o r  ovine T lympho cyte s . 

Thi s  lack o f  s pe c i f i c ity has been demonstrate d  a l s o  for 

cattle ( Yang e t  a Z . � 1 9 7 9 ) ,  rat s ( Fo s s um ,  1 9 7 8 ) , cat s  and 

gerb i l s  ( Do ckre l l  e t  a Z . � 1 9 7 8 ) .  

In conc lus i o n , on the bas i s  o f  the nylon woo l  fra ct ionat ion 

stud ie s ,  it was f ound that the ant i-T cell ant i s era and 

ant i -ovine gamma globulin ant i s era were reli ab l e  re agent s 

for the det ection o f  sheep T and B lymphocyte s  r e s p e ct ive ly . 

The use o f  the s e  reagent s i n  the immuno logical chara cterisa­

t ion of s porad i c  ovine lymphoma i s  r eported i n  the following 

chapter . 
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CH A P T ER 3 

T H E  I M M U N O L O G I CA L  C H AR ACT ER I S A T I O N  O F  

S P OR A D I C O V I N E L Y M P H O M A 

I NTRODU CT I ON 

The charact e r i s at ion o f  lymphomas or leukaemias a s  

be ing o f  T or B c e l l  i n  o r i g i n  i s  e s s ent ial for an 

understanding of their pathogen e s i s, for comparat ive s tudie s 

and for the ident i fi cat ion o f  t he t arget ce l l s  in aet iological 

studie s . S poradi c  ovine l ymphoma has not be en charact e r i s e d  

in t h i s  way . Thi s  chapter report s  the use o f  ant i -T c e l l  

ant is era and the detect ion o f  S ig t o  determine the percentages  

of T and B lymphoc yt e s  in 17  case s o f  sporadi c  ovine lymphoma . 

Compari s ons are made betwe e n  t he data obtained and the 

pathoanatomical and h i st o l o g i c a l  c la s s i ficat ion of the 

lymphomas ( John s tone and Mankte low , 1 9 7 8 ) .  

MATERIALS AND METHODS 

Lymphoma s 

The neoplasms e xamined were 1 7  ovlne lymphomas det e ct e d  

during the rout ine inspect ion o f  carca s s e s  at s laughterhous e s . 

A histological d i agno s i s  o f  lymphoma wa s made from s e l e cted 

port ions o f  affe ct e d  t i s su e s f i xed i n  10  percent formol 

sal ine ( Appendix ) , proc e s s e d  by rout ine histo logical 

t e chn ique s and s t a in e d  with haemato xy l in and e o s in . 

Cla s s if ic at ion o f  the lymphomas as mult icent r i c  o r  

alimentary w a s  b a s e d  on t he criteria o f  Johnstone and 

Mankt e low ( 1 9 7 8 )  and the s e  were further clas s i fied on the 

morpho logy of the predominant c e l l  type ( Table 1 5 ) . 

Preparat i on of Ce l l  Suspe n s ions 

Tis s ue s  fro m neoplas t i c  nodu l e s  or lymph node s who s e  

normal architectu r e  had b e e n  totally effaced b y  lymphoma , 

were dic e d  i n  RPM I  1 6 4 0  and pre s sed through a 4 0 -me sh 

S leve . Ce l l s were washed in me dium by centrifu gat ion at 

2 0 0  g for 1 0  min , re s uspended in RPMI 1 6 4 0  and counted . 

V iab i l it y  was as s e s s e d  by trypan b lue exclus ion . 

Whe n  the c e l l s  were t o  be stored for retro spect ive 



examinat i on , they were re sus pended t o  approximat e ly 2 x 

1 0
6 

per m l  i n  RPM I  1 6 4 0 - F B S  s upplement e d  t o  1 0  percent 

with d imethyl sulphoxide . One ml a l i qu ot s , i n  heat 

sealed ampoule s ,  were cooled at approx imate ly 1°C per m1n 

for at l ea s t  2 hr and whe n  fro zen p l a c e d  i n  a l iq u id 
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n itrog e n  re frigerator . When required the ce l l  s u s pens ions 

were brou ght to 3 7 °C and washed in RPMI 1 6 4 0  by centri fugat ion 

at 2 0 0  g for 1 0  m1n . 

Det e ct i o n  o f  Lymphocyte Markers 

Fre s h l y  prep ared cel l s  or c e l l s  re covere d from l i quid 

n itrogen s to rage , were layered over Lymphopre p  and 

cent r i fu g e d  at 8 0 0  g for 2 5  min to remove contaminat ing 

erythr o c yt e s  and dead ce l l s  ( Davidson and Par i sh , 1 9 7 5 ) . 

The c e l l s  at the med i um- Lymphoprep interface were c o l l e cted , 

washed t w i c e  in RPMI 1 6 4 0  by c e nt r i fugat ion and r e s uspended 

t o  approximat e ly 2 0  x 1 0
6 

per ml . 

T c e l l s  and S i g-bearing B ce l l s  were det e cted as 

d e s c r ib e d  in S e ct ion A ,  Chapter 2 .  Lymphocyt e s  harve sted 

from t h e  b lood o f  norma l sheep were used as contro l s . 

The lymphomas were j udged as b e i n g  e ither o f  T or B 

c e l l  ori g in if more than 6 0  percent o f  c e l l s  e xamined 

e xpre s s e d  e ither marker . 

RE SULTS 

The r e s ults o f  the patho l o gical c l a s s ifi c at ion and 

t he immuno l o gical data are pre s ented 1n Table 1 5 . Mos t  

lymphoma s could b e  a s s igned t o  one o f  2 groups ( Fi gure 6 ) .  

S even l ymphomas c o nt ained predominant ly T ce l ls , 6 were o f  

B ce l l  o r i gin , o n e  had ne ither T n o r  B c e l l s  i n  t h e  maj ority 

( T = B ) , one had c e l l s  b earing both markers (T + .B> 1 0 0  

percent ) and 2 had c e l l s bearing ne ither marker ( " Nul l "  

c e l l s ) .  There was no corre lat ion between the immunological 

data and the morphol ogy of the lymphoma c e l l s  not ed in the 

h i s t o l o g i ca l  examinat ion . 

Whe n  these r e s u l t s  were compared with the anatomical 

c las s i f i c at ion of t he lymphomas ( Tabl e  1 6 a )  it  was seen that 

4 of t h e  5 a l imentary lymphomas were o f  B ce l l  origin while 

one had c e l l s  with both markers . Al l 7 T cell lymphoma s 



TABLE 1 5  

I MMUNOL O G I CAL CHARACT E R I SAT I ON O F  SPORA D I C  O V I N E  LYMPHOMAS 

Lymphoma 

OL l 

OL 2 

OL 4 

OL 5 

OL 6 ( c )  

OL 6 (d) 

OL 7 ( e) 

o L  , c e  l 

OL 8 
OL 9 

Ana.tanical (a) 

Classification 

rm.Jlticentric 

al irrentary 

multicentric 

lll.llticentric 

ITD..Ilticentric 

alirrentary 

lll.llticentric 
rrulticentric 

Hi�ological (a) 

Classification T( b l  

lymphcblastoid 67 . 6  

prolymphocyt ic/ 8 1 . 9  
lyrrq>hoblastoid 

prolymp� ic/ 64 . 3  
lymphoblastoid 

stem cell 4 8 . 7  

prolymp�ic 63 . 0  
27 . 2  

lymphoblastoid 3 1 .  3 
25 . 1  

lymphocyt ic 92 . 3  
lymphocyt ic 2 9 . 6  

Irnrunological 
Sig( b )  Classification Ca!ments 

2 . 5  T Very faint fluorescence 

91 . 1  T+8 Strong T fluorescence 
Intense Sig fluorescence smaller cells 

1 2 . 7  T T variable staining 
Sig very faint 

37 . 2  T=B 

5 6 . 0  8 T very faint 
62 . 2  Sig variable intensity 

7 7 . 4  8 Scrre cells strong Sig staining , rost 
74 . 6  spotted pattern 

2 6 . 8  T 
64 . 7  8 

OL 10 lll.llticentric lymphoplasmacytoid 84 . 5  ( f )  (T) 
OL 11 alimentary prol�ic 2 . 9  87 , 4  8 
OL 12 rm.Jlticentric lyrrq>hoblastoid 7 5 . 4  27 . 8  T 
OL 1 4  alimentary prol�ic/ 4 . 5  84 . 6  8 Sig faint but evenly stained 

lymphoblastoid 

OL 17 multicentric stem cell 8 3 . 3 47 . 3  T T very faint , evenly stained 
OL 18 liver kidney lyrrq>hoblastoid 7 . 0  9 5 . 0  8 Sig faint and unevenly stained 

spleen 
OL 19 lll.lltioentric lyrrq>hoblastoid 8 5 . 4  4 2 . 8  T T fluorescence stronger than Sig 
OL 20 lll.llt ioentric " lyrrqjloblastoid 8 . 0  < 1 .  0 "NUll.." 

OL 22(g) multicentric lynphoblastoid 3 . 3  4 . 5  "NU1J}1 
OL 2 2 ( h ) < 1 .  0 < 1 . 0  

T : T l�e antigens ( a )  according t o  the criteria of Johnstone and Manktelow ( 197 8 )  
B : Slg-bParing cells ( b )  percentage o f  cells expressing I!W'ker 

Sig : sw--faCt! .imnunop;lobulin ( c )  cells from kidney lesion ( f )  insufficient cells 
OL : ovine lyrriphc:lrd ( d )  cells from lung lesion ( g )  ce l l s  f rom  spleen 

( e )  different mesenteric l ymph  nodes (h )  ce 1 1  s f lUll 1 YITl'h node 

(j) 
N 
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S l g %  

F I G URE 6 :  The d i s tribut ion o f  1 7  s poradic ovlne lymphoma s 
according t o  the percentage s o f  ce l l s  bearing 
T c e l l  ant i g e n s  o r  surface immunoglobulin . 
( e : T c e l l  lymphoma ) 
( • :  .B c e l l  lymphoma } 
( • :  " nul l "  c e l l  lymphoma ) 
( � :  ce l l s  bore both T c e l l  antigens and s urface 

immunoglobul in ) 
( � :  unclas s i f iable ) 
( � : normal me s e nt eric lymph node } 



TAB L E  1 6 a 

RE LAT I ON SH I P  O F  THE IMMUNO LO G I CAL CHARACT E R I SAT I ON 

O F  OVI NE LYMPHOMAS T O  THE I R  PATHO� 

ANAT OMI CAL CLAS S I F I CAT I ON 

Alimentary 

Multicentric 

T 

7 

B 

4 

2 

T+B 

1 

TAB L E  1 6b 

T=B Null 

1 2 

RE L AT I ONSH I P  O F  THE IMMUNO L O G I CAL CHARACT E R I SAT I ON 

O F  OVINE L YMPHOMAS T O  THE ORGANS I NVOLVED 

T B T+B T=B Null 

Lymph Nodes : 

Alimentary 5 5 1 1 2 

Lumbar 7 1 1 2 

Thoracic 7 3 1 2 

Distal 6 1 1 

Gastrointestinal tract 1 4 1 

Liver 1 2 1 2 

Spleen( enlargement ) 4 1 1 2 

Kidney 3 1 1 

6 4  



were o f  t h e  mult icentric form . Th i s  l at t er c las s i fication 

a l s o  c o nt ained the 2 ' 'nul l "  ce l l , the s ingle T = B  and the 

2 B ce l l  neoplasms . Of the s e  2 B c e l l  neoplasms , 016  

invo lved the aboma sal , me s ent e r i c  and hepat ic lymph nod e s  

and t h e  l iver ; in 0 19 ,  lymphoma s w e r e  found in t h e  wal l  

o f  the a boma sum , o n  the serosa o f  t h e  rumen and invo lving 

i:he c o l o n . 

Whe n  individual organ invo lvement was examine d  ( Tab le 

6 5  

1 6 b ) 4 o f  the 6 lymphomas invol v in g  the gastroint e s t inal 

tract were of B c e l l  origin as were 3 of 4 renal lymphomas . 

All 7 T ce l l  neoplasms affe ct e d  the t horac ic lymph node s and 

6 o f  the s e  had al s o  involved the d i st a l  lymphoid t i s sues , 

a coro l l ary of the original finding o f  T cell predominance 

in mu l t i centric lymphomas . 

DI S CU S S I ON 

The detect i on o f  T ce l l  ant i g e n s  and S i g  were used in 

the immuno logical charact e r i s a t ion o f  17 cas e s  of sporadic 

ovine l ymphoma . I t  was a s s umed that a s  ce l l  su spens ions 

were prepared from neop last i c  nodul e s  of organ s and t otally 

e fface d  lymph node s , then the maj o r i t y  of ce l l s  in each 

prep ar at ion were neoplast i c . Becaus e  o f  thi s  a s s umpt ion ,, 

the r e s u lt s  reported here are tent at ive , but it i s  never ­

the le s s , a real i s t i c  one whe n  con s id e ring the l imitat ions 

of the marker s  u s e d . G iven that the maj ority o f  ce l l s  were 

neoplas t i c , the n  7 lymphomas were f ound to be neoplasms o f  

T l ymphocyt e s , a n d  6 were o f  B ce l l  i n  origin . The c e l l s  

from 2 l ymphomas bore ne i ther mark e r , whi l s t  tho s e  o f  one 

had b ot h . One lymphoma ( 01 5 ) , in which near e qual numbers 

of T and B ce l l s  were ident i fied , wa s cons idered unclas s i fi­

able . The morpho logy o f  the lymphoma c e l l s  did not corre s pond 

with t h e i r  T or B c e l l  natur e . Howe ver , it was found that 

al l T ce l l  neoplasms were mu lt icent r i c , whereas 4 of the 

6 B c e l l  neop lasms were confined t o  the a limentary t ract 

and a s so c iated lympho i d  t i s s ue . The o ther 2 B ce l l  lymphomas 

( 01 6 , 0 1 9 ) a l s o  invo lved the ga stro intest inal tract but had 

ext e nded into o ther organs and lymph node s . The s e  re sults  

sugge s t  that a relat ionship may e x i s t  between the immunological 
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or1g1n o f  the neoplastic lymphocyt e  and the pathoanatomical 

c las s if ic at ion o f  the lymphoma , a s ituation s imi lar t o  that 

report e d  in dog s ( Onions , 1 9 7 7 ) and cat s ( Hardy e t  a l . � 

1 9 7 7 ) . 

The confinement o f  neoplas t ic B c e l l s  pr imari ly to 

the gastro inte s t inal lympho i d  t i s sue , and the wid e s pread 

dis seminat ion of mal i gnant T lymphocyt e s  may r e f l e ct not 

only the d i fference between the rec ircu l at i on t empo s  of 

T and B lymphocyt e s  ( de Sous a , 1 9 7 8 )  but a l s o  d i f ference s  

in s p e c i f i c  rec irculat ion pat t erns by the s e  2 subpopulat ions . 

Re circul at i on pat t ern s  in adul t  ( Cahi ll e t  a l . � 1 9 7 7 ) and 

foetal sheep ( Pe arson e t  a l . � 1 9 7 6 )  have been d e s cribed . 

Scol lay e t  a Z .  ( 1 9 7  6 )  s ugge s t e d  that certain sheep B 

lymphocyt e s  may pre ferent ially c irculate through the 

gastro i nt e stinal lymph o i d  t i s s u e  and the B c e l l  nat ure o f  

the a limentary l ymphomas reported i n  thi s chapter may b e  

cons idere d as indirect evid e nc e  i n  support o f  s u ch a pattern . 

G iven t hat T ce l l s  might al s o  pre ferent ial ly rec ircul at e  

through t he g a stroint e s t inal lympho id t i s sue ( Cah i l l  e t  a l . �  

19 7 7 ) and t hat lymphomagene s i s  could be a random event , i t  

then s eems reas o nab le t o  a s s ume that s ome a l ime ntary 

lymphoma s mi ght be T c e l l  in ori gin . Only one T c e l l  

lymphoma invo lved t he gastroint e st inal tract ( 0 14 ) but 

thi s  was c la s s i fied as mult i centric as it had a l imite d  

ext e n s ion into the thora c i c  and l umbar lymph node s . Whether 

the f ind ing of only a s in g l e  case l S  due t o  the low numbers 

o f  lymphomas e xamined , or whether it refle ct s a d ifference 

1n the s u s c e p t i b i l it y  to trans formation by thi s subpopulation 

o f  c e l l s  i s  not known . 

The 3 other immuno l o g i cal cat e gorie s o f  s poradi c  ov1ne 

lymphoma , name ly T and B ,  " nu l l "  and unc las s i f iab le , h i gh l ight 

the potential l imitat ions o f  the 2 markers u s e d . The s e  

l imitat ions are compounded by the inability i n  t h i s  system 

t o  d etermine whether the c e l l s  bearing a part i cu lar marker 

are neopla s t i c  or norma l . Lymphomas hav in g  both T and B ce l l  

charact er i s t i c s  are infre quent ( Sandi lands e t  a l . � l 9 7 4 ; 

Shev ach e t  a l . � 1 9 7 4 ; Onion s , 1 9 7 7 ; Foon e t  a l . � 1 9 8 0 ) . 
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I n  the c a s e  of O L 2 , the immuno f luor e s cent stain ing o f  S i g  

was int e n s e  o n  s ome cel l s  only , and was variable o n  other 

larger and p o s s ib ly neop l a s t ic cel l s . It would be nece s s ary 

to demon s t rate the intrin s ic and mono clonal nature of the 

Sig det e ct e d  on the s e  ce l l s  ( Luke s et a l . � 1 9 7 8 )  b e fore 

any conc lus ions c an be made about the pre s ence of both T 

and B ce l l  marke r s . For O L S , neither T nor B cel l s  were 

found i n  the maj o rity , but thi s  lymphoma may have been 

placed into e ither cat e gory had a marker been as s o c iat e d  

with neoplast i c  c e l l s  i n  cytoc entrifuged smear s , had 

monoc lonal Sig b e e n  demon s trated or had immunopero xidase 

techn ique s been applied to t i s sue s e ctions ( Borowit z e t  a l . � 

1 9 8 1 ) . Finally , ·the 2 " null " ce l l  neoplasms ( OL 2 0 , O L 2 2 )  

may have been c l a s s ified int o one or the other ont o logical 

pathway ( Greave s , 1 9 7 9 )  had more T and B c e l l  markers been 

used . In the s e  experiments ,  the use of only 2 markers 

was d i ctated by the l imited number of cells ava i lab l e  from 

all lymphoma s , a result of the n e e d  to s tore cel l s  1 n  l iquid 

nitrogen for retrospe ct ive c e l l  marker studi e s . 

The ident i fi cation of T ,  B or " nul l "  c e l l  s p oradic 

ov1ne lymphomas should e nab l e  a more accurate compar 1 s on of 

the s e  neoplasms t o  be made with the lymphomas o f  other 

spe c i e s . I n  t h i s  re s pe c t , and in its relat ionship t o  the 

patho anatomic a l  clas s i fi c at ion , sporadic ovine lymphoma i s  

more aki n  t o  the feli�e lymphoma ( Hardy e t  a l . � 1 9 7 7 )  than 

the e n zoot i c  or s p orad i c  d i s ea s e  o f  catt le , ( Takashima 

e t  a l . � 1 9 7 7 ) .  D ire ct c ompar i s on s  can not be made with the 

exp e r iment al i n fe ct ion o f  sheep by B LV as only l imited 

immunological and pathoanatomical data are ava i lable 

( Takashima and O l s on , 1 9 8 0 ) . 

Little can be inferred about the aet iol ogy o f  s porad i c  

o v i n e  lymphoma from the immuno log ical data obt aine d . Wh i l st 

man y  agent s induce lymphoma s of a s ingle c e l l  type , FeLV 

a l s o  caus e s  lymphoma s of varying c e l l  type s . However , it has 

yet to be c lari fied whether s train difference s are part i a l ly 

re sponsible for thi s var i a t io n  ( E s sex e t  a l . > 1 9 7 9 ) . 

The dat a pre sented here ident ify the target c e l l s  o f  
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lymphoma ge ne s i s  in the sheep which mi ght enab le more 

accurat e studie s between the lymphomas of sheep and tho s e  

of o t h e r  spec i e s  ( Johns t one and Mankt e l ow , 1 9 7 8 ) .  Further 

studie s wi l l  requ ire the add i t ional u s e  of other s urface 

markers , and t he app l i cation o f  irnmunoperoxidas e  t e chni que s 

to t i s s ue sections t o  a l low t he unamb iguous int erpretat i on 

of r e s u l t s  ( Borowit z e t  a l . , 1 9 8 1 ) . 
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L I T E R AT U R E  R E V I E W : R E T R O V I R U S - L Y M P H O C Y T E  I N T E R A C T I O N S : 

T A R G E T  C E L L  S P E C I F I C I T Y , M E C H A N I S M S  O F  T R A N S F O R M A T I O N 

A N D T H E  I N H I B I T I O N O F  M I T O G E N I C  R E S P O N S I V E N E S S  

O F  L Y M P H O C Y T E S  

INTRODUCTI O N  

Retro v iru se s have deve loped a symb iotic re lat ion ship 

with the c e l l s  they in fect , permitt ing both the ce l l s  and 

the virus to survive . Thi s  symb i o s i s  may have e ither 

a bene f i c i a l  or d e l eterious e ff e c t  o n  the total host 

organ i sm d ep ending on the infect ing v irus . Some o f  th e 

genet ical l y  t ran smitted retroviru s e s  ( the endogenous 

retroviru s e s )  wh ich are int e grat e d  into the cel lular 

genome of all somatic and germ c e l l s  a s  virogenes ( Todaro , 

1 9 8 0 ) , or proviru s e s  ( Temin , 1 9 7 4 ) , cou l d  be important ln 

murine embryo gene s i s and d i f ferent iat ion ( Levy , 1 9 7 7 ; 

P incu s , 1 9 8 0 ) .  Alternat ive ly , other endogenous re t roviruse s 

which are not normally oncoge n i c  may have a ro le in the 

deve lopment of s pontaneous ( Hart ley e t  a l . ,  1 9 7 7 )  or 

radiat i o n - induce d  ( Haas , 1 9 7 8 )  mur in e lymphomas . Although 

the hori z ontally transmitt e d  retroviru s e s  ( the exogenous 

retrovirus e s )  infect only a l im i t e d  number of ce l l  typ e s , 

the ir re lat ionship i s  a l s o  s ymb iot i c . Ce ll death doe s  

not fo l low infe ct ion and neop l a s t i c  t ran s format ion o f  the 

ce ll may . oc cur a fter a lon g latent p eriod (Wyke , 1 9 8 lb ) . 

The u l t imat e  e ffect s o f  infect ion by e i ther endogenous 

or exo genou s retroviruse s are influenced by numerous 

factors and the s e  include the ho s t  immune re spons e ,  cel lular 

and gene t i c  re s t rict ions on repl icat ion and tran s format ion , 

the age o f  the animal and the pres ence o f  environmental 

�arc inogens ( Nowinski e t  a l . ,  1 9 7 9 ; Pincus , 1 9 8 0�� Once 

in fect ion o f  a c e l l  is e s tabl ished the re are 4 po s s ible 

outcom e s  ( Wyke , 1 9 8 lb ) . There may be : 

1 .  virus repl icat ion without c e l lular t ran s format ion . 

2 .  V lru s rep l icat ion and t rans formation o f  the host ce l l . 

3 .  t ran s fo rmat ion o f  the ho s t  c e l l  without vlrus 

rep l i cat ion . 

4 .  neither repl icat ion nor t rans format ion but 

the v �ral genome is maintained in the ce l l . 
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I n  addit ion t o  the s e  e ffe c t s  th ere may be an alterat ion 

in the immune r e s pons ivene s s  of the ho st an ima l fo l lowin g 

infection . The depre s s e d  re sponse observed in fe l ine 

leukaemia vlrus ( Fe LV ) infe ction in cat s is not due to 

altered T and B subpopulat ions  or to ce l lular t rans form­

at ion ( Cockerell et a l . ,  l 9 7 6 b )  but i s  a direct e ffect 

of the virus ( Math e s  e t  a l . ,  1 9 7 9 ) . 

The fo l l owing l iterat ure rev iew serves as a back­

ground for the viro logical experiments report e d  in thi s 

s e c t ion and p lace s the s e  experiment s in perspect ive with 

the immuno l o g ical studie s report e d  in Section A .  I t  

examine s the int eract ion b e tween a ret roviru s and a 

lymphocyte that determine s the t arget ce l l  spec ificity , 

that re sults  in lymphomage ne s i s , and th at alters the 

re spons ivene s s  of t�e immune sys tem . 

TARGET CELL SPE C I F I CITY O F  RETROV IRU S E S  

Mo st e xogenous retroviru s e s  infect only a narrow 

range of c e l l  type s and may tran s form only a few of the 

ce l l  typ e s  w ith in thi s  range . Infe ct ion is de pendent on 

the interaction o f  v iral envelope glycoprote ins with 

s p e c i fic glycoprot e in re ceptors in the c e l l  membrane 

( De larco and Todaro , 1 9 7 6 ) . For murine le ukaemia virus 

( MuLV ) the enve lop e glycopro t e in involved i s  de s ignat e d  

gp 7 0  and the ho st a n d  ce l l  range o f  the viru s i s  determined 

by whether a cel lular re ceptor i s  ava i l ab le for thi s 

g lycopro t e in ( E lder e t  a l . ,  1 9 7 7 ) . The import&nce o f  the s e  

viral g lycoproteins  l S  i l lu st rat e d  b y  the exi stence o f  

defect ive retroviru s e s that l a c k  envelope ( en v )  gene s 

c o d ing for the s e  e nve lope g lycoprot e ins . Infect ion and 

sub s equent rep l i cat ion in other ce l l s  by the s e  de fect ive 

Vlru s e s  l S  depend e nt on nonde fect ive "he l pe r "  viru s e s  to 

provide the e nve lope g lycopro t e i n s  nece s s ary for 

attachment ( Bi shop , 1 9 7 8 ) . Examp l e s of d e t e ct i ve leukaemia 

Vlrus e s  are the Abe l s on MuLV ( Balt imore e t  a l . ,  1 9 7 9 a )  

and the avian acute l e ukaemia viru s e s , n ame l y , the avian 

erythrob lasto s i s  viru s ( AE V ) , the avian mye loblas to s i s 

( AMV ) an d the avian mye l o cytomato s i s  virus , MC 2 9  ( Beug e t  

a l . ,  1 9 7 9 ) . 



Once infe ct ion of an animal i s  e st ab li shed , rep l ic a ­

t ion may b e  wide s pread in a variety o f  ce l l s  but 

tran s format ion i s  u sual l y  a rare event ( Canaani and 

Aaronson , 1 9 7 9 )  as evidenced by the l o ng latent period 

pre ce ding the d e ve l opment o f  leukaemia s  and lymphoma s 

induced by mo s t  retroviru s e s . Furthermore , a narrow 

target ce l l  s p e c i f icity o f  tran s forma t ion l S  indicated 
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by the monoc lo na lity with in each neop l asm and betwe en each 

case induced b y  a part i cular strain of virus . This i s  

borne out for Mo loney MuLV where DNA hybridisat ion 

stud i e s  showed that the t arget ce l l s  of this v irus 

were T and B l ymphocyte s  and o f  the nonlympho id ce l l s  on ly 

mammary epith e l ia repl i cate d  the virus ( Jaen i s ch , 1 9 8 0 ) . 

Howe ver , with r e spect t o  t rans format ion , Mol oney MuLV 

tran s forms o n l y  T ce l l s  ( Baird e t  a l . ,  1 9 7 7 ;  Cerny e t  a l . 

1 9 7 9 } . 

Fe LV infect s a wider range o f  c el l s  but tran s formation 

i s  a l s o  l imi t e d  to a s in g l e  subpopulation o f  lymphocyt e s . 

The s e quent i a l  t is sue d i s tribut ion o f  an Fe LV s train that 

induce s  T ce l l  lymphomas ha s b een s tudi e d  by Ro j ko e t  a l . ,  

(1 9 7 9 ) who showed that the virus had a wide t i s sue tropi s m .  

Early i n  infe ct ion Fe LV could b e  detected i n  the ep ithe l ial 

ce l l s  o f  inte s t inal c rypt s ,  c i rculat in g  mononucl e ar ce l l s  

and the fo l l i cular B lympho cyt e s  o f  the inte s t inal 

lympho i d  t i s s u e . Within a week the bone marrow ce l l s  and 

me dull ary thymocytes were infe cte d  and FeLV could be 

det ected i n  c irculating neutroph i l s  and p l at e le t s  there ­

after . The virus d i d  not app e ar to replicate l n  other 

T c e l l - dependent area s  unt i l  the later stage s of infe ct ion 

and then o n ly in neoplastic lymphocyte s . Roj ko e t  a l . 

(� 9 7 9 ) d i d  not det ermine wh ich l ympho cyte s ubpopulat ion s 

were inf e c t e d  in b l o o d  but in a recent re port ( Ro j ko e t  

a l . ,  1 9 8 1 ) they demo n st rat e d  i n  v i t Po that a l l  sub -
• 

populat i o n s  o f  lymphocyte s eventual ly become infected ,  

a lthough init ially B lymphocyt e s  rep licated more vlrus . 

Azocar and E s sex ( 1 9 7 9 ) , however ,  found that the maj ority 

of FeLV - in fe cted c e l l s  in blood were T l ympho cyte s .  

Thi s  may re f lect d i fference s i n  the vira l s t rains u s e d  by 



both group s o f  authors a s  there l S  e v i dence to sugge s t  

that viral s trains may d iffer in t he i r  target ce l l s  for 

t ran s formation ( E s s ex e t  a Z . ,  1 9 7 9 } . Neve rthe le s s , 

Ro j ko e t  a Z . ( 1 9 7 9 } demonstrated that v iral rep l icat ion 

occurs mainly in B lymphocyt e s  and that t rans format ion 

may o ccur e ventual ly in T lympho cyt e s . The me chan i sm 

o f  this  d i s so c i at ive phenomenon i s  u nknown . 
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Other exogenou s viru s e s  d i sp lay a more narrow target 

ce l l  spe c if i c ity . In chickens , studi e s  have ind icated 

that the t arget ce l l  for t rans format ion by t he nonde fect ive 

avi an l eukaemia viru s e s  CALV s }  is an immature B lympho cyte 

ln the bur s a  of Fabricius ( Purcha s e  and G i lmore , 1 9 7 5 } . 

I f  burse ctom i s e d  chickens are infect e d , lymphoma s do not 

deve lop but the prevalenc e  o f  o s t eopetro s is increase s ,  

indicat ing that not only i s  there immuno logical contro l 

o f  o steopetro s i s  but a l s o  ALV interact s with other 

target c e l l s  (Purcha s e  and G i lmour , 1 9 7 5 ; G ra f  and 

B eug , 1 9 7 8 ) . Cooper e t  a Z . (1 9 7 4 }  could detect IgM but 

not IgG o r  I gA on the surface o f  l ymphoma c e l l s , sugge s t ­

i n g  that t h e  t arget c e l l  for ALV may be a lympho cyte prior · 

t o  i t s  tran s it ion from an·  I gM producer to a c e l l  that 

p ro duce s e ither IgG or I gA .  

A l e s s  mature B ce l l  appear s  to b e  the target for 

Rau s cher and Abel so n  MuLVs in mice . Reddy e t  a Z , 

(1 9 8 0 ) e st ab l i shed that Rau s cher MuLV cou l d  infect and 

induce neoplastic  t ran s formation in p re - B  lymphocyt e s . 

Ana ly s i s  o f  the � chains expre s se d  by the l ymphoma c e l l s  

ind icate d  that each neoplasm aro s e  from a s ingle trans forme d 

c e l l . A p re - B  lymphocyte appear s a l s o  t o  be the target 

c e l l  of Abe l s on MuLV ( S ilverstone e t  a Z , ,  1 9 7 8 1 . 

Ro s e nberg and Balt imore (� 9 7 6 }  found that bone marrow 

had propo rt ional ly more t arget c e l l s  than d i d  spleen 

and none were found in the thymu s . The s e  re sult s are 

cons i s tent with the target c e l l  of Abe l s on MuLV be ing an 

immature ce l l  not re l at e d  to t hymocyt e s .  To further 

de f ine the s u scept ible c e l l , Balt imore e t  a Z . (� 9 7 9 a l  

u s e d  athym i c  nude mice and CBA / N  mi ce that have a defect 

late l n  B lympho cyt e deve lopment t o  det e rmine that both 

stra i n s  of mice have normal numbers of target ce l l s . I n  



addit ion , they s howed with monocl onal ant ibodi e s  that 

the Abe l s on MuLV t arget ce l l  is not the plur ipot ent s tem 

c e l l . 

The target c e l l  o f  B LV has not been we ll de fine d . 

Paul e t  a l . ( 1 9 7 7 a , b )  sugge s t e d  that only a sma l l  

proport ion o f  B ce l l s  were i nfe cted i n  cattle s howing 

pers i s tent lymphocyto s i s  i n duced by B LV . Furthermore , 

Kenyon and P ip er ( 1 9 7 7 a , b )  demon strated that a d i s t in ct 

sub s e t  o f  B c e l l s  were infecte d . Whether this i s  the 

same s ub set that trans fo rm s  is unknown but DNA 

hybri d i sation studie s have found homologous s equence s 

only in lymphoma ce l l s  and not i n  other lympho id or 

nonlymphoi d  t i s sue s ( Kettmann e t  a l . , 1 9 8 0 } . 
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The b io log ical b ehavi our o f  a retrov irus may change 

i f  it infe ct s a different spe c ie s . BLV - induced lymphomas 

1n cat t le are invari ab l y  B ce l l  in origin ( Takashima e t  

a l . ,  1 9 7 7 ) .  When B L V  i s  exp e r imental ly inoculate d into 

she e p , however , some of t he neoplasms induced invo lve 

the thymus and are pre s umed to be T c e l l  in origin 

( O l s o n  et a l . ,  1 9 7 2 ; Nemeth e t  a l . ,  1 9 7 9 ) whi le others 

are B c e l l  lymphomas ( Takashima and Olson , 1 9 8 0 ) . Thi s  

di fference i n  the b io l o g ical behaviour o f  B LV within other 

ho s t s  may be due t o  strain d i f fe renc e s  not detectable by 

s t an dard in vi vo or in v i t r o  a s s ay s . 

There fore , in t e rm s  both o f  infe ct ion and trans form­

at ion there can be marke d  d i fference s in s u s cept ib i lity 

of a cell to a part i c u l ar virus . The susceptib ility 

t o  trans fo rmat ion mus t  be c onferred on a c e l l  at a 

genet i c  l e ve l , as  infection o f  that c e l l  doe s  not 

n e ce s s ar i ly result in its t ran s for�ation ( Nowins k i  e t  a l . ,  

1 9 7 9 ) . 

THE MO LE CULAR BAS I S  O F  RETRO V I RAL TRANS FORMATI ON O F  

LYMPHO I D  CE LLS 

( i )  Early Event s 

Be fore cel l ular tran s formation can o ccur , the DNA 

copy of the retroviral genome must be inte grated into 

the c e l l ular DNA . The e vent s that lead to thi s  inte gra­

t ion are not comp l e t e ly understood and various expl anatory 

s cheme s have been propo s e d  o r  reviewed by Tay lor ( 1 9 7 7 ) ,  



We inb erg ( 1 9 7 7 } , Bi shop (l 9. 7 8 } , Lern er ( 1 9 7 8 ) , Coffin 

(1 9 7 9 ) and Tay l o r  ( 1 9 7 9 } . 

V iral entry into a target ce l l  occurs by e ither 

viropexis (Dale s and Hanafusa , 1 9 7 2 )  o r  the direct 

p enetrat ion o f  e ither who le virion s ( Aboud et a l . ,  

1 9 7 9 ) or viral core s ( Miyamot o  and G il d e n , 1 9 7 1 ) . 

F o l lowing uncoat in g , the general consensus  is that v iral 

RNA-dep endent DNA po lyme rase ( RDDP ) cop i e s  the virion 

RNA by synthe s i sing a comp leme nt ary s t rand o f  DNA C cDNA ) 

t o  form a RNA-DNA hybrid . The r ibonu c lease act ivity o f  

RDDP then removes  the RNA gen ome proce s s ive ly , whi l e  

a t  the same t ime copying the cDNA t o  fo rm a l inear 

dup lex o f  doub le - s t randed DNA . S everal more steps  are 

involved i n  which the double - st rande d DNA i s  c ircular i s e d  

and int e grat e d  i n t o  t h e  c e l lu lar DNA ( B ishop , 1 9 7 8 ) . 

( i i )  Oncogene s o f  the Tran s form i ng V irus e s .  
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A numb e r  o f  mo lecular me chanisms for the retrovira l  

tran s fo rmat i on o f  ce l l s  have b e e n  d i s covere d . Some vlru s e s  

have a s p e c i fic gene Cor oncogene l re s pon s ib l e  for 

tran s format i on , whereas other s  do not . Rou s  sarcoma vlrus 

(RSV ) carr i e s  an o nc ogene called s r c coding for � 6 0 , 0 0 0  

dalton pho s phopro t e in wh ich i s  respons ible for inducing 

and maintainin g  the trans forme d stat e  ( Fis chinger , 1 9 8 0 ) . 

A cel lular gene o f  normal avian ce l l s  has a s imilar 

sequence t o  that o f  s r c  and has been de s ignated c s r c  

( Spector e t  a l . ,  1 9 7 8 ) . 

Another group of avi an retro virus e s , the de fe ct ive 

l eukaem i a  viru s e s do not have a s r c gene ( Stehe l in e t  a l . ,  

1 9 7 6 ; Due sberg e t  a l . ,  1 9 7 7 ; S he ine s s  e t  a l . , 1 9 7 8 ; 

Steh e l in and Graf , 1 9 7 8 ; Rou s s e l  e t  a l . ,  1 9 7 9 ; Chen e t  a l . ,  

1 9 8 0 )  and do not s e em to ut i l i s e  the c s r c  gene ( Stehelin 

and G raf , 1 9 7 8 ) . However , the s e  v irus e s  do contain on co ­

gene s equenc e s  whi ch are s p e c i fi c  for each s ub group o f  

virus and are not found in the nondefe ct ive ALV s or RSV 

( Ro u s s e l  et a l . ,  1 9 7 9 ; Chen e t  a l . , 1 9 8 0 ) . I dentical , 

or at l e a s t  s imilar , s e quence s can be det e cte d , albeit in 

low numbers , i n  normal uninfe cted chicken c e l l s  ( She ine s s  

e t  a l . ,  1 9 7 8 ; Rous s e l  e t  a l . , 1 9 7 9 ; Chen e t  a l . , 1 9 8 0 ) 

and t h e i r  transcription in t he s e  c e l l s  i s  at low l eve l s  

s im i l ar to that s een with t he c s r c  gene ( Sp e ctor e t  a l . ,  



l 9 7 8 ; Rou s s e l  e t  a l , ,  l 9 7 9 l .  lt has b e en sugge sted that 

the d e fective ALV s may have ari s en by recomb inat ion 

betwe e n  viral and c e l lu l a r  gene s (Fri sby e t  a l . ,  1 9 7 9 ) , 

Rou s s e l  e t  a l . ( l 9 7 9 ) pro p o � e d  that the 3 specific tran s ­

forming genes e r b ,  mac and my b found i n  AEV , MC 2 9  and AMV 

re s p e ct ive ly , were seque n c e s  that conferred upon a 
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g l ve n  virus it s s e lect ive capacity t o  trans form a s pe c i f i c  

ce l l . Why the s e  vira l  oncogene s sho u l d  cause leukaemia 

is unce rtain but i t  is p o s s ib le that tran s forming pro t e in s  

may competit ive ly inhibit the corre s ponding normal ce l lular 

pro t e in funct io n  leading t o  a d i fferent iat ion block 

( Ro u s s e l  e t  a l . ,  1 9 7 9 ) .  

The Abe l s on MuLV i s  un ique as i t  i s  the only murine 

ret rovirus known to trans form lympho i d  cells in v i t r o  

( Ro se nberg e t  a l . , 1 9 7 5 ) . In common with mo st of the other 

in vi tro tran s formin g  viruse s , it is a defect ive virus 

and require s Mol oney MuLV as a help e r  virus for re p l i cat ion 

( Sh ie l d s  e t  a l . , 1 9 7 9b ) , Anal y s i s  of th e defe ct ive Ab e l son 

MuLV genome reveal s that i t  is  sma l le r  than that o f  i t s  

nonde fect ive helper v i ru s  and conta i n s  about 2 5  percent 

of the Mo loney MuLV s e quence s (Park s e t  a l . ,  � 9 7 6 ) . 

Shie lds e t  a l . (� 9 7 9 a l  found that the unique port ion o f  

the Abe l son MuLV genome had n o  homo logy with the murine 

s arcoma viru s e s .  Re l at e d  s equence s  could , however ,  be 

found in both infe c t e d  and un in f e c t e d  ce l l s  (Balt imore 

e t  a l . , l 9 7 9b )  and hence it i s  p o s s ib le that the viru s  

has ari s en from re comb in at io n  b et we e n  Moloney MuLV and 

normal c e llular DNA . The central portion of the g enome 

whi ch i s  thou ght t o  come from the c e l lular DNA , code s 

for a s in g l e  po lyprotein o f  9 0 , 0 0 0 t o  1 0 0 , 0 0 0  daltons 

(Reyno l d s  et a l . ,  l 9 7 8 ; Witte. e t  a l . ,  1 9 7 8 1 . Thi s  pro t e in 

i s  s imilar t o  the trans forming p rot e ins of the sarcoma 

Vlru s e s  ( Co l lett and Erikson , 1 9 7 8 )  as it is a pho s ph ­

protein a n d  may b e  a k ina s e  ( � i t t e  e t  a l . ,  l 9 7 9 b l . 

E vidence s ugge s t s  that i t  i s  a tran smembrane p ro t e in and 

both thi s l o cat ion and it s k i n a s e  activity could induce 

c e l l  divis ion (Balt imore e t  a l . ,  1 9 7 9 a l . As a s imilar 

pro t e in may be expre s s e d  ln normal T c e l l s  (Witte e t  a l , , 

1 9 7 9 a l , particu lar p rot e in s  o f  th i s  cla s s  could b e  o f  

importance in· normal c e l l u lar control . 



The re i s  l ittle ev idence for the ex i s t e nce o f  

onco g e n e s  i n  t h e  nonde fe ct ive leukaemia viruse s and the s e  

virus e s , with t h e  po s s ible except ion o f  F e LV , do n o t  code 

for t ran s format ion pro t e ins . The Fe LV - induced f e l ine 

oncornaviru s - a s s o c iated ce ll-membrane ant igen ( FO CMA ) 

occurs only o n  t ran s forme d c e l l s  infe cted by Fe LV or 
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the f e l ine s ar coma virus . I t  i s  a 7 0 , 0 0 0  dalton protein 

( Snyder et a Z . ,  1 9 7 9 ) and ant ibody directed against it 

prote ct s  the animal from further rep l i cation of neoplastic 

ce l l s  ( E s s ex et  a Z . ,  1 9 7 5 ) .  I t  i s  not known i f  it i s  

code d for by a viral gene , a viral recomb inant g e n e  or a 

c e l lular g e n e  s imilar to c s rc but FO CMA may yet be 

shown to d i s rupt normal c e l l  membran e � a s soc iat e d  proce s s e s  

t o  l e a d  t o  t ran s format ion ( Kurth e t  a l . ,  1 9 7 9 ) .  

( i i i ) Nontran s forming Le ukaemia V irus e s  

Althou gh the nonde fective retroviruse s p ro duce lymphoma s 

and l e ukaemi a s  in v i vo , mo st do not t ran s fo rm ce l l s  in v i t ro . 

The way i n  which the s e  viru s e s  induc e neop l a sms i s  

o b s cure , b u t  a numb e r  o f  po s s ible me chan isms have been 

propo s e d . The s e  include viral re comb inat ion , the 

act i v ity o f  viral s t ructural product s o� the ins ertion 

o f  p romo t e r  sequence s .  

a .  Vira l re comb i n a t i on 

Leukaemia viru s e s  may acquire oncogeni city by 

re comb inat ion with ce l lu l ar and / or v iral g e n e s  ( Hart ley 

e t  a Z . , 1 9 7 7 ; Nowinski and Hay s , 1 9 7 8 ) . I n  the mou s e  

a n umber o f  d ifferent endogenous v1ru s e s  t hat show 

d i f ferent trop i sms for murine and nonmurine c e l l s  can be 

i s o lat e d  from e ither s po ntaneous AKR ( Hart l e y  e t  a l . ,  

1 9 7 7 )  o r  radiat ion- induced ( Haas , 1 9 7 8 )  lymphomas . The se 

i s o lat e s  inc lude e co t ropic v iruse s wh ich infect murine 

ce l l s  on ly , xenotrop i c  virus e s  wh ich infect nonmurine 

c e l l s  o n ly and p o lytrop ic viruse s whi ch i n fe ct both 

murine and nonmurine c e l l s . The p o lytro p i c  viru s e s  are 

the mo s t  oncoge n 1 c  ( Hart ley e t  a l . ,  1 9 7 7 ; Haas , 1 9 7 8 ;  

Nowi n s k i  and Hays , 1 9 7 8 )  and it appear s  that this poly­

t rop i sm is due t o  viral re combinat ion b e twe e n  the e cotrop i c  

and xenot rop i c  v1ru s e s  at the leve l o f  t h e  e n v  gene 

( E lder e t  a Z . , 1 9 7 7 ) . Recomb inant viru s e s  have been found 

in s ev e ra l  i s o l at e s ( Hart ley et a l . , 1 9 7 7 ; Devare e t  a l . ,  



1 9 7 8 ;  F i s chinger e t  a L , .1 9 7 8 ; Baas , l 9. 7 8 l  and general ly 

emerge in the mouse j ust prior to the development o f  

overt lymphoma . Thi s  su g g e s t s  a re lat ionship between the 

recomb inat ion and l e ukaemogene s i s , howe ver , the crucial 

gene s and their pro duct s invol v e d  in oncogene s i s  have 

not b e e n  i dentified ( P incus , 1 9 8 0 ) . Re comb inat ion could 

a l t e r  virally coded surface di f ferent i a t ion mo lecule s 
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and induce neoplastic convers ion through change s in the 

c e l l  membrane ( Elder e t  a l . ,  1 9 7 7 ) .  Although opportun it ie s  

may e x i s t  for a high frequency o f  recomb inat ion ( Lerner , 

1 9 7 8 ) ,  t rans format ion , ine vitable in s ome mou s e  strains , 

i s  s t i l l  a rare event ( Canaani and Aaronson , 1 9 7 9 } . The 

mere g enerat ion o f  a recomb inant virus doe s not confer 

o n  it oncogenicity and inde e d  many po lytropic i s o late s  

are n o t  oncogenic ( Nowi n s k i  a n d  Hay s , 1 9 7 8 ) . 

b .  Vi ra l s tr u c t u ra l p r o du c t s 

V iral gene product s  may int eract e i ther dire ct ly w i th 

the ho s t  DNA (Todaro and Heubne r , 1 9 7 2 )  or indirectly w i th 

c e l l  divis ion contro l mechani sms ope rat ing via the c e l l  

membrane ( Elder e t  a l  . . , 1 9 7 7 ; Lerne r , 1 9 7 8 ; McGrath and 

We i s sman , 1 9 7 9 ) . Some re s earchers p o s t ulate that env 

gene products may be invo lved in leukaemogene s i s . The 

receptor-mediat e d  hypothe s i s  for t hymo t rop ic MuLVs 

( McGrath and We i s sman , 1 9 7 8 ,  1 9 7 9 ; McGrath e t  a l . ,  1 9 7 9 ) 

p o s tulat e s  the exi s t ence o f  a rare s ub s et o f  thymocyte s 

which po s se s s  receptors for s p e c i f i c  MuLV s . I f  a ce l l  

that i s  p rogramme d t o  respond t o  that virus i s  infected 

then the continuo u s  pre sentat ion of v i ru s  and viral 

glycopro t e in at the ce l l  s urface wou l d  act as a perp etual 

mitogen i c  s t imulus . Both the oncogenic exogenous and 

endogenous recomb i nant virus e s  could induce leukaemia by 

thi s  me chani sm . McGrath e t  a l . ( 1 9 7 9 2 argue that th i s  

hypothe s i s doe s n o t  exclude the e x i s tence o f  oncogene s 

comparab le to c s r c  as i t  d e a l s  only with the external 

s t imulus for tran s format ion . 

c .  Promo t e r  i n s e r t i o n  

Integrat ed v irogene s may b e  act ing as pas s ive 

mutagens or , as  s uge s t e d  by the p romo t e r  ins ert ion 

hypothe s i s , virogenes may b e  ab l e  t o  s ubvert normal 

ce l lular contro l by plac ing certain c e l lu lar gene s  under 

. I 

I 
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the influence o f  v:i.ral p romoters (Hayward e t  a t . ,  1 9 8l } , 

The deve lopment o f  thi s hypothes-i s  fo l lowed the unde r stand­

ing o f  certain s t ructural fe ature s of the i ntegrate d  

p ro viru s  o r  virogene (Hayward e t  a l . ,  1 9 8 1 ; Payne e t  a l . , 

1 9 8 1 ) . The viro ge ne app e ar s to be flanked at both the 

5 '  and 3 1  ends by s e quence s of approximat e ly 3 5 0  

nucleot i d e s  cal l e d  long t e rminal repeat s (LTRs l which are 

generat e d  during inte grat ion and which contain a p romoter 

s equenc e  that coul d  in i t iate transcript ion (Hughe s e t  a l . ,  

1 9 7 9 ; Ju and Skalka , 1 9 8 0 ; Yamamoto e t  a l . �  l 9 8 0 ) . I f  

thi s  virogene was inte grate d  close t o , o r  dire ctly adj acent 

to the 5 1 end of a ce l lular oncogene , then there wou l d  

be enhanc e d  expre s s ion o f  t h i s  ce llular g e n e  (Hayward 

e t  a l . ,  1 9 8 1 )  as init iat ion o f  trans cript ion cou l d  occur 

from both LTRs . Hayward e t  a l . (1 9 8l )  found e vidence for 

incre a s e d  tran s cript ion o f  a ce llular homo l o gu e  o f  the 

myc oncogene , the mac oncogene of Rous s e l  e t  a l . ( l 9 7 9 l ,  

in avian lymphoma ce l l s  and the s e  my c tran s c ript s  were 

covalent ly l inked to viral US sequence s s imi lar to tho s e  

found i n  the LTRs . V irogene s were located near or 

adj acent to the c e l lular homologue of my c and only a 

s ingle virogene was ne ce s s ary for lymphomagene s i s . Th i s  

genome d i d  not n e e d  to have full rep l i cat ive funct ions 

( Ne e l  e t  a l . , l 9 8 1 ; Payne et a l . ,  l 9 8l l ,  

B e fore the promo t e r  ins ert ion hypothe s i s  can be 

accept e d , s e veral anomalous obs ervat ions nee d exp lanat ion . 

The s e , summari s e d  by Wyke ( l 9 8la l , include the ab s ence 

of enhanced m� c expre s s ion in a smal l proportion o f  

avian lympho ma s , the reason· why my c c ause s carcinoma s 

and mye locytoma s  in MC 2 9  viru s � infected b irds and not a 

B ce l l  lymphoma , and why in some cas e s  trans format ion 

occurs with the virogene ins erted at the 3 1  rather than 

the 5 1  end o f  the oncogene , 

Furthe r re s e arch i s  nece s s ary t o  show whe ther th i s  

hyp othe s i s  has re levance t o  leukaemo gene s i s  b y  other 

nontran s forming v i ru s e s .  In lymphoma s o f  AKR mice , new 

viral DNA s e quenc e s  emerge but there are no unique 

integrat ion s it e s  ( Canaani and Aaronson , 1 9 7 9 ) ,  an 

imp ortant feature o f  the promoter insert ion hypoth e s i s . 

Fe l ine lymphomas may be a u s e ful mode l t o  c lari fy the 
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propo s e d  me chanism a s  a proportion o f  th e s e  do not 

produce i n fe c t ious v irus (Franc i s  e t  a l . ,  1 9 7 9 } although 

F O CMA i s  expre s s e d  ( E s sex e t  a l . ,  1 9 7 9 1 . I f  FOCMA i s  a 

t ra n s formation prote in then the induct ion o f  the lymphoma 

in the ab s ence of det ectab l e  v irus may be exp lained by 

the promo ter insert ion hypothe s i s . Other "viru s -ne gat ive " 

lympho i d  neoplasms including tho s e  o f  cat t le , dogs and 

man , may also  be induced by a s imilar me chan i sm . The 

f inding that ALV - induced neop las ia 1 s  accompanied by the 

expre s s ion of a cellular homo lo gue o f  a v iral onco gene 

w ithout v iral rep l icat ion, neverthe le s s , appears to link 

the oncogenic me chan i sms o f  the in v i t r o  trans forming 

and nontrans forming retro v i ru s e s . The p romoter ins ert ion 

hypothe s i s may g 1ve c lue s to a common pathway for all 

carc 1no gens . 

RETRO V I RAL INH I B I TI O N  OF LYMPHO CYTE M I T OGENE S I S  

The respon s e s  o f  lymphocyte s t o  p o lyclonal act ivat ion 

by non s p e c i fic mitogens including phyt ohaemagglut inin 

( PHA } , Concanaval in A lCon A} and pokewe e d  mitogen ( PWM ) , 

have b e e n  u s e d  as an in v i tro me a sure o f  cel lular 

immuno competence . Altered re spo n s e s  have b e en found 1n 

a rang e  of patho lo g ical condit ion s of man ( Douglas , 1 9 7 1 ; 

Mat chett e t  a l . , 1 9 7 3 ; Schwe itzer e t  a l . ,  1 9 7 3 ; Mann ick 

e t  a l . ,  1 9 7 7 1  and lymph opro l i fe rat ive d i sorders o f  

anima l s  ( Dent , � 9 7 2 ; Muscoplat e t  a l . ,  1 9 7 4b ; De nt , 1 9 7 5 ; 

Cockere l l  e t  a l , ,  1 9 7 6b ; Donovan e t  a l . ,  1 9 7 7 ; Dutta e t  

a l . ,  l 9 7 8 ;  Holmberg e t  a l . ,  1 9 7 8 ; At luru e t  a l . ,  1 9 7 9 ; 

Paul e t  a l , ,  1 9 7 9 1 .  Ret royiral i n f e c t io n s  have been 

a s s o c iated with a numb e r  of s p e c i f i c  immunological 

de f e ct s  (re viewe d by Dent , 1 9 7 2 , 1 9 7 5 1 inc luding a 

depre s s e d  mitogenic re spons ivene s s  and a re duction in 

other in v i vo and in vi t r o  funct ional parameters 

dep e nding on the nature of the infect ing virus ( Dent , l 9 7 5 ) . 

Recent studies have examin e d  why a re duced mito gen ic 

re s pon s ive s s  re sult s from .retrov i ru s - lymphocyte interac t io n s , 

V irus -cell contact alone app ears t o  b e  a s  e ffect ive i n  

re ducing mit ogenic re spon s ivene s s  a s  t h e  more complete 

i n fe ct ion o f  a c e l l  by a retrov i ru s  ( Wainberg and I srae l , 



1 9 8 0 ) . The immuno s uppre s s ive act ivity o f  retroviru s e s  

may re s ide i n  the v iral envelope as d i srupted Rauscher 

MuLV was inhib i t ory whereas the viral core s had no s uch 

immuno s uppre s s i ve e ffect ( Fowle r  e t  a l . ,  1 9 7 7 ) . Ultra ­

vio l et - inactivate d  FeLV or avian ret roviru s e s  were 

a l s o  shown to have a s im i l ar e ffe ct o n  the Con A- induced 

mitogene s i s  o f  f e l ine and avian lymphocyt e s  re spect ive l y , 

and this effect was not due to a viral b lockade o f  Con A 

re c eptors ( Hebebrand e t  a l . ,  1 9 7 7 ; I s rae l e t  a l . , 1 9 7 9 ) . 
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Mathe s e t  a l . ( 1 9 7 9 )  iso l at e d  from FeLV a specific 

prot e in o f  1 5 , 0 0 0  da ltons  ( pl 5 ) that inhibite d  mitogen e s i s  

o f  fel ine lymp ho cyt e s .  This protein was shown to 

suppre s s  the re spon s ivene s s  of human lympho cytes 

( Hebebrand e t  a l . ,  1 9 7 9 ) . The reduced re spon ses in both 

cases  were not due t o  any tox i c it y  o f  p l 5 , and further 

experiment s indicat e d  t hat the pro t e in was not compet ing 

for Con A b inding s i te s . Howeve r , pl5 did cause alterat ions 

in cell membrane funct ions as evidence d by the interference 

with the normal capp ing proce s s  ( Mathes et a l . ,  1 9 7 9 ) . 

In v i vo inj e c t ion o f  p l 5 re duced the normal cytotoxic ity 

ant ibody re sponse to F OCMA indicat ing that pl5 may have 

a b iological role ln the e s tabl i s hment of FeLV infect ion 

and lymphomagene s i s  ( Mathe s e t  a l . , 1 9 7 9 ) . The immuno ­

s uppre s s ive prot e i n  may exp lain the c l inical s i gn s o f  

immunodepre s s ion s uch a s  the thymic atrophy o ften � s sociated 

with acute F e LV infe ct ion in k i t t en s  ( Jarrett , 1 9 7 5 ) . 

The o n s e t  o f  immun o s uppre s s ion re sulting from in 

vivo infe ct ion with Fe LV ha s b e e n  shown to occur at the 

t ime FeLV can be f ir s t  det e c t e d  in circulat ing l eukocytes 

( Co ckere l l  e t  a l . ,  l 9 7 6 b ) . Thi s  must be con s idere d 

e vidence for the d ire ct e ffect o f  FeLV on the respon s ive ­

ne s s  o f  lympho cyt e s  be cause n e i ther alterat ion in re lat ive 

T or B c e l l  numb e r s  nor lympho cyte tran s formation had 

occurre d at thi s  e arly s t age . Dunlap e t  a l . ( 1 9 7 9 ) found 

an in v i v o  defect in Con A receptor mob i lity on lympho cyt e s  

from cat s infe c t e d  with FeLV , s imilar t o  that found in 

the in v i t ro s y s t em of Math e s  e t  a l . ( 1 9 7 9 ) which sugg e s t s  

that Fe LV affect s o n e  funct ion o n  numerous lymphocyt e s . 

The de fect that prevent s capp ing i s  unknown . 



Other data sugg e st a different me chan i sm for the 

ret roviral suppre s s ion of mit ogenic r e s po n s 1venes s .  

I s rae l and Wainberg ( 1 9 8 1 )  found that inhibit ion may 

o cc ur dire ctly from viral contact with ma crophage s rather 

than the . lymphocyte target ce l l . The in v i tro sys tem 
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they de s cribed u s e d  several inact ivate d  retrov irus e s  wh ich 

induce d macrophage s to pro duce a pro t e in that could inhib i t  

mitogene s i s . The mechan i sm of th i s  inhib ition wa s 

undetermined but as other worker s  have demonstrate d  the 

i n duc t i o n  of s uppre s sor ce l l s  in the s p l e en by retroviral 

i n fect ion of mice ( Kirchener e t  a l . , 1 9 7 5 )  it i s  po s s ib l e  

that s uppre s s or T lymphocyt e s  could b e  i nvo l ve d  in thi s 

i n  v i t ro system . The importance o f  the role o f  macro ­

phag e s  in the in v i v o  immunodepre s s i on r e s u l t ing from 

retroviral infe c t ion s t i l l  remains uncertain . 

Retroviral - induce d immunodepre s s io n  may allow the 

e s tab l i shment of infection , but whether or not thi s i s  

o f  direct importance i n  lymphomagene s i s  rema ins t o  be 

demon s trat e d . 



C H A P T E R  2 
T H E  S E A R C H  F O R  V I R U S  I N  S P O RA D I C  O V I N E  L Y M P H O M A S  A N D  

T H E I R  C E L L  S U S P E N S I O N C U L T U R E S  U S I N G E L E C T R O N  

M I C R O S C O P Y  

I ntroduct ion 

Materials  and meth o d s  

Sheep 

Ov ine lymphoma s 

Suspension c u lt ure s 

Control lymphocyte c u ltures 

E l ectron micro s copy 

Re s u l t s  

( i )  O v i n e  lymphomas 

( i i )  Suspens ion c ul ture s o f  ovlne lymphomas 

( i i i )  Contr o l  lympho cyte cultur e s  

Discus s ion 



C H A P T E R  2 

T H E  S E A R C H  F O R  V I R U S  I N  S P O R A D I C  O V I N E  L Y M P H O M A S  A N D  

T H E I R  C E L L  S U S P E N S I O N C U L T U R E S  U S I N G E L E C T R O N  

M I C R O S C O P Y  

INTRODU CT I O N  

V iru s e s have b e e n  demonstrat e d  by e le ctron mlcr o s c opy 

ln lymphomas and in material derived from t i s sue cultur e s  

o f  lympho i d  n e op lasms of s e veral s p e c i e s  o f  animal s ( Ri ch ,  

1 9 6 8 ) . Part i c l e s  re s embl ing type A and t ype C retroviruses 

have been r eported in spontaneou s ly o ccurring lymphomas 

o f  sheep ( John s tone , 1 9 7 4 ) , in she e p  lymphoma s experimentally 

induced by B LV ( O l s o n  et a l . � 1 9 7 2 )  and in mat erial from 

mito gen- s t imul ated s hort t erm culture s o f  lymphocyte s  from 

e n zoot i c  o v i n e  lymphoma ( We i s s e t  a l . � 1 9 7 1 ;  Pau l s en e t  a l . � 

1 9 7 2 ) .  

Although e le ct ron ml cro s copy i s  cons idered t o  be a 

r e lat ive l y  i n s ens it i ve method o f  demo n s trat ing the pres ence 

of retrovirus ( Lo and Howat s on , 1 9 7 8 ) ,  it i s , neverthele s s , 

u s e ful whe n  employed in as s o c iat ion with other t e chn ique s . 

In thi s  chapter , the s creening o f  s po radi c  o v ine lymphomas 

and the i r  c e l l  cult ure s for virus us ing the e l ectron micros cope 

i s  des cribe d . 

MATERIAL S AND METHODS 

Sheep 

T i s s u e  from 5 mature s h
.
e ep with lymphoma that had been 

ident i fi e d  d uring t he rout ine carcas s inspect ion at a local 

s l au gh t e rhou s e  were collected and h e l d  at 0 °C prior t o  

s ub s e quent proce s s ing . The s e  5 cas e s  were d e s ignate d  O L l  

t o  O L S  r e s pe ct i vely . Lymph nod e s  and s p l e e n  from all  animal s 

and c e l l s  from s us pens ion culture s o f  lymph nodes from OLl 

and OLS were s creened by e le ctron micro s copy . 

Ovine Lymphomas 

S e l e ct e d  p i e c e s  o f  neopl a st i c  t is s u e  were d iced in 

mod i f i e d  Karnovsky ' s fixat i'Je ( Appendix ) to approximat e ly 

1 mm c ub e s and p l aced into fixative at 4
°

C for at l east 



3 0  min . 

Suspens ion Cultur e s  o f  O v i n e  Lymphomas 

C e l l  cultur e s  from O L l  and O L 5  were e st ab li shed and 

mai nt a ined as det a i l e d  in - sect ion B ,  Chapte�- 3 .  PHA was 

added to a dupl i cat e s e t  o f  culture s t o  a final 

concentrat ion of 1 0  �g p e r ml . Aft er 2 4  and 4 8  hr 1n 

cult ure , c e l l s  were harv e s t ed by centri fugation at 5 0 0  g 

for 1 0  min and prepared for fixat ion in plain glass  

microhaemato cr it t ub e s  after the method of  Doane et  a l .  

( 1 9 7 4 ) .  The pellet o f  c e l l s  was extruded into modified 

Karnovsky ' s  fixat ive and he ld at 4° C for at least 3 0  min . 

Control Lympho cyte Cultures 
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Blood lymphocyt e s  from 3 normal mat ure sheep were 

h arve sted and cult ured as de s cribed in S e ct ion B ,  Chapter 

4 .  At the t ime the cu l t ur e s  were e s t ab l i s hed PHA was add e d  

t o  a final concentrat i o n  o f  1 0  � g  PHA p e r  ml . Harve st ing 

and fixat i on o f  c e l l s  for e l e ctron micro s copy was carried 

out as de s cribed for t he s uspens ion cultures o f  lymphoma 

c e l l s . 

E le ctron Micro s copy 

The fixed t i s su e s  and ce l l s  det a i l e d  above were po st ­

fixed in 1 percent o s mi um t etroxide , dehydrat ed 1n a graded 

s er i e s  of al cohol s  and embedded in e poxy re s i n  ( Durcupan 

ACM , F l uka ) by rout in e  method s . Sect i o n s  were cut u s in g  

a n  LKB I I I ultramicrotome , stained with uranyl acetat e  

and l e ad c itrate a n d  e xamined in a Phi l ips E M  2 0 0  e lectron 

m1cros cope . Further det a i l s  o f  reagent s and methods u s e d  are 

recorded in t he Appendix . 

RESULTS 

( i ) O v i n e  Lymp homa s 

V irus - l ike part i c le s numbering l e s s  than one per 

s e ct ion in the int e r c e l lular s pa c e s  of a lymph node and the 

spleen from O L 1  ( Fi gure s 7 and 8 )  and t he s p leen from O L 2 . 

The part i cle s were s pherical , o f  approximate ly 1 2 0  t o  1 3 0  nm 

ext ernal diame t e r  and had a spherical internal structure o f  

6 0  to 7 0  nm d iame t er . W i t h  one except ion ( Figure 9 )  a l l  

part i c l e s  had e l e c tron - lucent centre s . No part ic les  were 
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F IGURE 7 :  V irus - l ik e  particle  i n  the interce l lular space o f  
t h e  s p l e e n  from 0 1 1 . ( E l e ctron micrograph : magn i­
f i cat ion 8 2 , 5 0 0  t ime s } 

F IGURE 8 :  V iru s - l ike part icle in the int erce l l ular s pace of 
the sp leen from O Ll . ( E le ctron micrograph : magni­
f icat ion 8 2 , 5 0 0  t ime s ) 
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F IGURE 9 :  Viru s - l ike part i c l e  with an e le c t ron -den s e  centre 
from the s p l e e n  o f  0 11 . (E l e ctron micrograph : 
magni ficat ion 8 2 , 5 0 0 t ime s ) 

FIGURE l O : Viru s - l ike part i c le s  ( e } and ve s icular s tructures 
( O )  a s s o c iat e d  with c e l l s  from a suspens ion 
culture of 0 1 5 . ( Electron micro graph : magnif i ­
cat ion 8 2 , 5 0 0  t ime s )  





obs erved budding from c e l l  membran e s . No viru s - l ike 

s tructur e s  were not ed in t i s su e s  from 0 1 3 , 014 or 0 1 5 . 

( ii l  Susp e n s i o n  Cu l t ure s o f  Ovine  Lymp homa s  

Several viru s - l ik e  part i c l e s  w i t h  e lectron-dense 
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centr e s  were obs e rved in the c e l lular debri s o f  the culture s 

d� rived from 0 1 5  whether treat e d  or untreat e d  with PHA 

( Fi gure 1 0 ) , The s e  part i c l e s  me asured up t o  l O O  nm 1n 

ext e rnal d iameter w i th the e le ctron-dense centre having a 

diameter o f  up t o  8 0  nm . I n  addit io n , there were numerous 

ve s ic l e - l ike structure s with a d iamet e r  of 7 0  nm ( Fi gure 1 0 ) .  

No budding forms were seen . 

( i i i )  Con tro l Lymp ho cy te Cu l t ure s  

Ve s i cular s truct ure s s imi lar t o  the sma l ler bodies noted 

in the s e ctions from t he suspens ion culture s were seen in 

all s ec t io n s  from PHA-trans formed lymphocyte s  from normal 

shee p . No part i c l e s  r e s emb ling A o r  C t ype retroviru s e s  

were obs erve d . 

D I S CU S S I ON 

The part i c l e s  noted 1n the neoplastic t i s s ues are 

cons i st ent in morpho l o gy with A and C t ype r e t rovirus e s . 

a lthough an important morpho logical feature o f  retroviru s e s , 

name ly budding from c e l l  membranes , was not obs erved . 

The fai lure t o  detect budding p art i c l e s  doe s not ne gat e 

the p o s s ib i l ity o f  a retrovirus b e in g  involved as low numbers 

of A and C type par t i c l e s  would imply even fewer budding forms , 

and vira l - l ike part i c l e s  are not found in normal lymphoid 

t i s sue ( Ri ckard , 1 9 6 8 ) . Furthermore , retrov irus detect i on 

1n l ymphoma t i s s ue us 1 ng e l e ctron micros copy i s  cons idered 

by mos t  authors to b e  a relat ive ly i n s e n s it iv e  technique 

and t he re s ul t s  obtained by it s u s e  can be inconclu s ive 

( Ha guenau , 1 9 7 3 ; Da lton , 1 9 7 5 ;  1o and Howat s on , 1 9 7 8 ) .  

I n  B1V-induced lymphomas in catt le , virus part i c l e s  are not 

read i ly detected in n e o p last i c  t i s su e  and budding v1rus e s  

are always di fficult t o  find ( Dutche r , 1 9 6 8 ) .  

Because o f  the di fference s in s i ze and morphology 

o f  the s o - ca l led v i ru s - l ik e  part i c l e s s ee n  i n  the neop lastic  

t i s s u e s  and the su s p e n s io n  culture , the  que s t ion of whether 
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or not they repr e s ent the same s tructur e s  i s  raised . 

S imilar part i c le s w it h  variations in s i ze and morphol o gy 

have a l so b e en reporte d  in lymphocyte cultur e s  from sheep 

showing p e r s i st e nt lympho cyto s i s  ( We i s s  e t  a l . , 1 9 7 1 )  and 

e n zoot ic lymphoma ( Paul s e n  e t  a l . ,  1 9 7 2 )  and were interpret e d  

by the s e  aut hor s as v irus . S uch part i c l e s  wer e  not observed 

ln contro l culture s of normal PHA-tran s formed lymphocyte s . 

PHA- s t imulated lymphocyte s  were u s e d  in pre ference to 

uns t imulate d  lymphocyt e s  as c ontro l s  b ecaus e the latter 

do not undergo mito s i s  i n  culture and s ome retrovirus e s , 

including B LV , requlre c e llular pro liferation for viral 

r e p l i cat i o n  ( Miller e t  a l . ,  1 9 6 9 ) . 

The s maller v e s i cu l ar s tructure s o b s erved in the 

s u s p e n s ion cult ure o f  0 1 5  and in PHA-trans formed control 

lymphocyte s were a l s o  o b s erved by Johns tone e t  a l .  ( 1 9 7 9 a ) . 

The s e  authors e xamined PHA-tran s fo rmed lymphocyt e s  from 

s h e e p  that had deve loped a pers i s t ent lymphocyt o s i s  fol lowing 

ino culat io n  with ce l l - free extrac t s  of s poradi c  ovine 

lymphoma s . In contra s t  to t ho s e  found in the pre sent 

e xperime nt s  the se structure s were in cytopla smic vacuo l e s . 

Although Johnstone e t  a l . ( l 9 7 9 a )  interpr e t e d  the s e  t o  be 

viru s - l ik e  they p o int e d  out the need for c ar e  in s uch an 

interp retation , a need r e i n force d by the pre s ence of s imilar 

s tructur e s  in cont r o l  lymphocyte s found i n  the current 

experiment s .  However ,  v e s icular s t ru cture s c o n s idered vlru s ­

l ike have been de s cribed in a s s o c iat i on with e n zoot ic ovlne 

lymphoma ( We i s s  e t  a l . , 1 9 7 1 )  in which BLV has been 

po s i t iv e l y  ident i fi e d  ( Ogura e t  a l . , 1 9 7 7 )  and in human 

and lymphobla s t  c e l l  l i n e s  ( Karpa s , 1 9 7 8 ; Karpa s  and 

F i s cher , 1 9 8 0 ) . In none o f  the above report s l S  there good 

s upport ing evidence for the ir viral nature . 

Other author s  who have observed s imil ar ve s icular 

s tructure s have cons idered them to b e  normal c e llular 

o rgane l l e s . Biberfe l d  ( 1 9 7 1 )  de s cr ibed ve s ic l e s  in vacuol e s  

i n  PHA-trans formed normal human lymphocyt e s  and s imi lar 

structur e s  have a l s o  been recorded in the mult ive s ic ular bodies  

that are con s idered by s ome to b e  part of  the lys o s ome s y s t em 



o f  t he c e l l  ( Smith and Farquhar , 1 9 6 6 ) .  Furthermore , 

Dal t o n  ( 1 9 7 5 )  provide s e v idence that the dens e and 

ve s icular s tructure s s imi lar to tho s e  o b s e rved ln the 
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ovine lymphoma susp e n s ion c u lture are o f  c e l lu lar origin . 

He s ug ge s t e d  that the s e  s tructur e s  were re leased from 

degenerati n g  c e l l s  and that they had a high a ffinity for 

c e ll ular s ur face s .  More in format ion r e lating to the nature 

and gene s i s  of the ve s ic le s  s e e n  in the O L5 c e l l  and 

trans formed contro l lymphocyte culture s mi ght come from 

determin in g the po larity of the ir membrane ( Steck , 1 9 7 4 ; 

Hochstadt e t  a l . �  1 9 7 5 )  as  i t  has been s ugge s ted that the s e  

structur e s  are pinocytot i c  ve s ic l e s  ( B iberfe ld , 1 9 7 1 ) . 

Whi l e  it i s  l �k e l y  that the ves icular structure s do not 

repr e s ent retroviru s e s , the pr e s ence of low numbers o f  

viral - l ik e  part i c l e s  i n  2 o f  5 lymphomas examined re i nforce s  

the need f o r  a more s e n s itive a s s ay .  Further experiment s 

to e xamine retroviral invo lvement in s porad ic ovine lymphoma 

are d e s cribed in Chapter 4 o f  this s e ct ion . 
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C U L T U R E  O F  C E L L S  F R O M  S P O R A D I C  ' 

O V I N E  L Y M P H O M A  

Introduct ion 

Mat er i a l s  and metho d s  

Ce l l s  

( i ) Foetal ovlne skin ( FO S K )  ce l l s  

( i i )  Foetal ovlne k i dney ( ROK ) diploid c e l l  line 

( ii i )  Lymphoma ce l l s  

C e l l  culture s 

R e s u l t s  

( i )  

( i i )  

( i i i } 

( i ) E s tabl i shment o f  FOSK primary c e l l  culture s 

( i i )  Pas sage o f  conf l ue nt primary F O S K  and ROK c e l l  

culture s 

( i i i ) E s t ab l i shme n t  o f  ovlne lymphoma c e l l  culture s 

a .  S u s p e n s ion cultures 

b .  M icroc ulture s ( me dia - s creen feeder - c e l l  

culture s )  

c .  P l a sma clot explant culture s 

S u s pens ion cultur e s  

Microculture s ( me d i a - s creen fee der-ce l l  culture s )  

Plasma clot explant culture s 

D i s c u s s ion 



C H A P T E R  3 

C U L T U R E  O F  C E L L S  F R O M  S P O R A D I C  

O V I N E L Y M P H O M A  

INTRODUCTI ON 

The deve lopment o f  cont inuous c e l l  culture s derived 

from l ymphomas and l eukaemia s  have been important in the 

i s o l at ion o f  retrovirus e s  from the s e  d i s eas e s . Some vlruses 

s uch as  radi at ion MuLV may o n ly repl icate in l ympho id ce l l s  

( De c le ve e t  a l . , 1 9 7 6 )  and good evidence for a retrovirus 

a s s o ci at e d  w i th certain human l ymphomas has c ome only aft er 

the e st ab l i s hment of cont inuous c e l l  l in e s  o f  the se neop lasms 

( Kaplan e t  a l . , 1 9 7 7 ; Po�e s z e t  a l . , 1 9 8 0 ) . The part icular 

advan tage s of s uch systems accrue from the re lat ive stab i lity 

and mono c l o na l ity of c u lt ured c e l l s  in compari s on to tho s e  

obtained d irect ly from l ymphomas ; from the l arge volume o f  

read i ly ava i lable material  they can provide and from the 

increa s e d  range and repeatab i l ity o f  e xaminat ions that can 

be made on the ce l l s  of any one ne op l a s m . 

For s poradic ovlne lymphomas , prior att e mp t s  at 

e stab l i sh i n g  long term culture s have b e e n  unsucce s s fu l  

. 
( John st one , unpub l ished dat a )  and no as s e s smen t  has been 

made o f  the growth requ irement s of ce l l s  from the se neoplasms . 

Thi s  chapter d e s cribe s the att emp t s  at e s tab l i s hing cont inuous 

c e l l  cult ur e s  by s everal c onventional me thod s  and the screening 

o f  a range of med i a  and sera for ovine lymphoma c e l l s . 

MATE RIALS AND METHODS 

Ce l l s  

( i ) Fo e ta l  o vine s k in (FOSK) ce l l s 

Skin t i s s ue s  were removed asept i ca l ly from ovlne foetuses 

at approxima t e ly 9 0  day s  o f  gestation . The s e  were obtained 

from a l o c a l  s laughterhou s e . 

( ii )  Fo e ta l  o vine k i dn e y  (ROK) dip l o i d  c e l l  l i n e  

Thi s  cont inuous f ibrob las t i c  c e l l  l in e  was deve loped ln 

this l aboratory and the c e l l s  had b e e n  pas s ag e d  ln exce s s  o f  

5 0  t ime s b e fore the ir u s e  i n  the s e  e xperiment s 
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( i i i )  Lymp h oma ce l l s 

C e l l s  from e ither the neo p l a s t i c  nodules in lymph 

nod e s  or other organs were obtained u s i n g  aseptic techniques 

from 17  sheep with lympho ma identi fied during the rout ine 

inspe ction at a s laugh t e rhou s e  and were kept on ice unt i l  

c u lt ur e  e s tab l i shmen t . 

C e l l  Cultures 

( i )  Es tab l i s hme n t  o f  FOS K pri mary ce l l  c u l ture s 

Skin t i s sue s were washed twice in Hank ' s  balanced salt 

s o lut ion containing ant i b io t i c s  ( Append i x )  and were fine ly 

diced in MEM . The med ium was removed and the ce l l s  were 

d i s s o c iated in a try p s in s o lut i on ( Appendix ) at 3 7 °C for 3 0  

min . The s us pens i on was f i lt e re d  throu gh a 4 0 -me sh t i s s ue 

s ieve t o  remove large fragment s o f  t i s sue . The fi ltrate 

was c entri fuged at 8 0 0  g for 1 0  min and the c e l l s  re s uspended 

i n  Me d ium 1 9 9  and c o un t e d  in a haematocytome ter . Plas t i c  

c u l ture flasks ( 3 0 1 3 , Falcon ) were s e e de d  with approximate ly 

1 0
6 

c e l l s  in 5 ml o f  Med ium 1 9 9 s upp lemented to · 2 0  percent 

w it h  FBS ( Med ium 1 9 9 - FB S ) and incubate d  at 3 7
°

C .  The 

med i um was changed every 3 t o  4 days and when the mono layers 

were confluent the c e l l s  were pas s age d . 

( i i )  Pa s s age o f  c o n f l u e n t  p ri mary FOSK and ROK ce l l  c u l ture s 

To pas sage confluent mono layers o f  primary FOSK and 

ROK c e l l s , the mono layers were washed in PB S and detache d 

at 3 7 °C by the add i ti on o f  1 ml o f  a tryp s in , versene and 

ant i b i o t i c  mixture ( ATV ) ( Appendix ) .  The c e l l s  were u s e d  

t o  e stab l ish new cult ur e s in t h e  appropriate medium and 

incubat e d  as before . 

( i i i ) Es tab l i shme n t o f  o vi n e  l ymp homa ce l l  c u l t ure s 

a .  Susp e n s i o n  c u l t ure s 

S i x  lymphomas were cultured 1n s us pens ion ( Tabl e  1 7 ) .  

Neo p la s t i c  t i s s ue s  were d i c e d  1n e ither Med i um 1 9 9  or 

RPMI 1 6 4 0  and pre s s e d  t hrough a 4 0 -me sh t i s sue s ieve . The 

c e l l s  were washe d i n  med ium by centri fugati on at 2 0 0  g for 

1 0  min , re su spended and c ounte d  i n  a haematocytometer . 

V i a b i l it y  was as s e s s e d  by trypan blue e xc lus ion . 

Approximate ly 1 0 7 v i ab l e  lymphoma c e l l s  in 5 ml o f  
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Med ium 1 9 9 - F B S  o r  RPMI 1 6 4 0  s up p lemented t o  2 0  p ercent with 

FBS ( RPMI 1 6 4 0 - FB S ) were s e eded into p l a s t i c  c ulture flasks 

and i ncubate d at 3 7 ° C .  Media were changed a s  indicated by 

the p H  o f  the cult ure med i a  and in all cas e s  c ulture s were 

maintained for over 3 wee k s  be fore being dis c arded . 

b .  Mi c ro cu l ture s (me di a - s cr e e n  fe e de r - c e l L  c u l t ure s )  

C e l l s from 6 lymphomas were s creened for the ir in vi tro 

nutri ent requirements ( Tab l e  1 8 ) with the cultures being 

e s tab lished by the method of Epstein and Kap lan ( 1 9 7 9 ) .  

Lymphoma ce l l s  from mul t i p l e  organ s i t e s  ( 0 1 6 , 017 , 0 1 8  

and 0 1 1 0 ) o r  from s ingle l e s ions ( 019 and 0 1 1 1 )  were 

cultured over a feede r  l ayer of ovine fibrob l a st s . 

Normal F O S  or ROK c e l l s  from confluent mono layers 

were r e s u s p e nded by ATV and added to Medium 1 9 9 - F B S  to a 
5 

final concentrat ion o f  approximately 2 x 1 0  c e l l s  per ml . 

Two hundred � 1  of thi s  c e l l  s us pens ion were added to each we ll 

o f  a micro c ul ture p late ( Mi crote s t  II  T i s s ue Culture Plate -

3 0 4 0 , Fal c on ) which was i ncubated in a humid i fied atmo sphere 

o f  5 percent co
2

- in - ai r  for 1 hr . The medium was removed and 

rep laced by a s us p e n s ion o f  approximate ly 2 x 1 0 5 lymphoma 

ce l l s  in 2 0 0  � l  o f  the s pe ci fic medium/ s erum c ombinat ion t o  

be t e sted ( Fi gure 1 1 ) . The media tested inc luded MEM , 

Medium 1 9 9 , RPMI 1 6 4 0 , Ham ' s F l O  and Waymouth ' s  med ium .  

The s era u s ed inc luded F B S , ovine s erum ( O S ) , e quine s erum 

( E S ) or a comb ination o f  F B S  and O S . Tab le 1 8  l i s t s  the 

med i a  sera comb inat ions for each lymphoma cultured . The 

lymphoma c e l l  s u s p e n s i o n  wa s prepared in an ' identical manner 

t o  tho s e  for the s u s p e n s ion culture s .  The microcultures were 

incubated in a humi d i f i e d  atmo sphere of 5 percent co
2

- in -air 

and dai ly obs ervation t o  check for the pro l i ferat ion of c e l l s  

was made us ing an i nvert e d  micro s cope . 

In 3 c a s e s  ( 0 1 7 , 018  and 011 0 ) ,  fo l l owing the death 

of the lymphoma c e l l s , t h e  cocultured ROK ce l l s  were 

detached by tryp s i n i s a t i on , trans ferred t o  p l a s t i c  c ulture 

flasks and grown to confluency in Medium 1 9 9 - FB S . Media 

from the s e  culture s were t e sted for the pre s ence o f  retroviru s e s  

as describ e d  in S e c t ion B Chapter 4 .  



.. 
• 
>o 
• 
0 
c 
0 
::E 
-
• 

(J 
.. 
• 

"CC 
• 
• 

u. 
' 
• 
• 
E 
0 
.&! 
Q. 
E 
>o 

..... 

• 
c 
,.. 

0 

9 5  

M e d i a / S e r a  C o m b i n a t i o n •  

T 1 9 9 R P M I  H a m a  F 1 0  W a y m o u t h  

F IG URE 1 1 : S chemat i c  arrangement o f  d i f ferent media / s era 
comb inat ions for the med i a - s cr e e n  fee der-ce l l  
microcult ure s .  
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c .  P l a s ma c l o t  e xp l a n t  c u l tures 

Lymphoma t i s s u e s  from 5 lymphomas ( Table 1 7 ) were 

d i c e d  in RPMI 1 6 4 0  and p i e ces approximately l mm d i ameter 

were p laced into p la s t i c  c u l t ure flasks . Aft e r  exc e s s  

me d i um was r emoved each p iece was c overed b y  calcium­

reco n s t itut e d  ovine p la sma ( Appendix ) which was allowed to 

c l o t . Five ml o f  RPM I  1 6 4 0 - F B S  was then added and the flasks 

incubated at 3 7
°

C .  

Before the lymphoma c e l l s  were pas saged , recon s t ituted 

plasma was added t o  the new culture flasks and al lowed t o  

c l o t . Five ml o f  RPM I  1 6 4 0 -F B S  was cond itioned b y  i t s  

add i tion to the flasks  o v e rn i ght . New culture s were 

e s t ab l i shed by adding 2 ml o f  c e l l  suspens ion from the 

pr imary culture to the med i um in the new flask s . 

Fibrob l a s t s  that grew from the t i s s ue e xp l ants ( de s i gnated 

ovin e  lymphoma fibrob l as t s  - OLF c e l l s ) forme d monolayers 

that were wa shed with PB S , detached with ATV and cultured 

as for other monolay e r  c u l ture s but in RPMI 1 6 4 0 - FBS . The s e  

c e l l  culture s were as s e s s e d  f o r  the pre s ence o f  retroviru s e s  

as d e s cribed i n  Sect ion B ,  Chapte r  4 .  

RE SULTS 

De s p i t e  the u s e  o f  s everal te chnique s and the attemp t  

at determin ing the opt ima l med i a / s era combinat ion for growth , 

continuous c e l l  l ine s wer e  not e s tab l i shed ( Tab l e s  1 7  and 1 8 ) . 

( i )_ Susp e ns i on Cu l ture s 

Of the 6 lymphomas culture d , only O L 5  i n  Medium 1 9 9 - F B S  

showed evidence o f  pro l i fe ration b y  the format ion o f  morul a ­

like cellul ar c lu s t er s . Thi s  pro l i feration had ceased b y  

7 days and the ce l l s  wer e  never pas s aged . There was no 

evi dence of c e l l  r e p l i c at i on in the other 5 lymphoma cultures 

( OL l , O L 2 , 0 L l 7 , O L 1 9 and O L 2 0 ) .  

C i i)  Mi cro c u l tu re s  (Me d i a - Scre e n  Fe e de r - Ce l l  Cu l ture s )  

The re s ult s o f  s creening 6 lymphomas for media 

r e quirement s are s ummari s ed i n  Tab l e  1 8 . Although no 

ce l l ular pro l i ferat ion o ccurred i n  any of the we l l s  it was 

ob s e rved that ovine lymphoma c e l l s  remained viable longer 

i n  c ertain medi a / sera combinat ions . The best media were 



01 

01 1 

01 2 

01 5 

01 6 

01 7 

01 8 

01 9 

01 10 

01 11 

01 11 

01 12 

01 14 

01 15 

01 16 

01 17 

01 19 

01 2 0  

TAB L E  1 7  

TECHN I QUES FOR , AND RE S ULT S O F  OV I NE LYMPHOMA C E L L  CULTURE S 

Culture Teclmique 

Suspension 

Suspension 

Suspension 

Screen-feeder cell 

Screen-feeder cell 

Screen-feeder cell 

Screen-feeder cell 

Screen-feeder cell 

Screen-feeder cell 

Plasma clot explant 

Plasma clot explant 

Plasma clot explant 

Plasma clot explant 

Plasma clot explant 

Suspension 

Suspension 

Suspension 

Medium 

199/FBS 

199/FBS 

199/FBS 

�·, 

RPMI/FBS 

RPMI/FBS 

RPMI/FBS 

RPMI/FBS 

RPMI/FBS 

RPMI/FBS 

RPMI/FBS 

RPMI/FBS 

Results 

No proliferation observed 

No proliferation observed 

Brief proliferation 7 days 

;';See Table 18 

Proliferation for at least 2 passages (18 days ) 

Limited proliferation in some cultures 

No proliferation observed 

No proliferation observed 

No proliferation in node cultures ; large motile 

cells accumulated in splenic cultures 

No proliferation observed 

No proliferation observed 

No proliferation observed lO 
-...J 

01 : ovine lymphoma , 199/FBS : Medium 199 + 20 percent foetal bovine serum , RPMI/FBS : RPMI 1640 medium + 2 0  percent foetal bovine serwr 



Tissue 
of 

Origin 

TAB LE 1 8  

ME D I A , S E RA AND C E L L S  U SE D  I N  M I C RO CU LTURE S FOR 

THE S CREEN I N G  O F  THE NUT R I E NT RE QU I REMENTS 

Media 

O F  OV I NE LYMPHOMA C E L L  CULTURE S  

Sera 
Feeder 

Cell Results 

9 8  

OL 6 MEM FBS/OS ( 1) No difference between FOS/ROK 
Liver 199 
Kidney RPMI 
Llli1g FlO 

OL 7 199 
2x Node RPMI 
Spleen FlO 

os 
ES 

FBS/OS 
os 
ES 

FOS ( 2 )  ES W1satisfactory 
ROK ( 3 )  RPMI/FlO-best lymphoma cell 

viability rnaintenence 

( 1 )  Wayrrouth ' s-not as satisfactory 
ROK ( 2 )  ES W1Satisfactory 

Wayrrouths 

OL 8 199 FBS/OS 
Node RPMI os As for OL 7 
Spleen FlO ES 

Wayrrouths 

OL 9 199 
Node RPMI 

FlO 

FBS 
FBS/OS 

os 

( 1) Number of wells contaminated 
ROK ( 2 )  No observable differences 

in remainder 
Wayrrouths 

OL 10 199 
2x Node RPMI 
Spleen FlO 

FBS/OS 
os 

Fresh ES 

Poor viability of cultures 
ROK from establishment 

Wayrrouths 

OL 11 199 
Node RPMI 

FlO 

FBS/OS 
os 
ES 

ROK As for OL 7 

Wayrrouths 

OL : 
MEM :  
199 : 

RPMI :  
FlO : 

Wayrrouths : 
FBS : 

FBS/OS ; 
OS : 
ES : 

FOSK : 
ROK: 

ovine lymphoma 
Eagle ' s  medium (Wellcome) 
Medium 199 (Wellcome ) 
RPMI 1640 medium ( Flow) 
Ham' s FlO medium ( Flow) 
Wayrrouth ' s MB 7 52  I 1 medium ( Flow) 
2 0 percent foetal oov:i.ne seri..:un 
10 percent foetal oovine serum + 10 percent ovine serum 
2 0 percent ovine serum 
2 0 percent equine serum 
foetal ovine skin cells 
diploid ovine kidney cell line 



RPMI 1 6 4 0  and Ham ' s F l O  s upplemented with F B S , O S  or a 

comb ination o f  both s era . Ce l l s  s urvived in e xce s s  o f  

1 4  days i n  c ontra s t  t o  the le s s  than 7 days o b s erved for 

c e l l s  cultured in MEM , Medium 1 9 9 , Waymouth ' s  medium or 

i f  E S  was a component of the medium . The fibroblast 

mono layer c e l l s  grew t o  c onfluency in all med i a  and s era 

comb inations . F o llowing thi s s creening only RPMI 1 6 4 0 - F B S  

was u s e d  i n  s ub s equent c ulture attempts . 

( i i i )  P l asma C l o t Exp l a n t  Cu l tures 

9 9  

Twenty four hours fo llowing the e s t ab l i s hment of 0 1 1 1  

l n  c u lture , sma l l  morul a - l ike aggre gat ions o f  u p  to 1 0  ce l l s  

( Fi gure 1 2 ) were obs erved i n  the medium . The s e  cel lular 

aggre gat ions incre a s e d  in s i ze ( Figure 1 3 )  over the next 3 

t o  4 days and there was an increase in the n umber o f  s ingle 

ce l l s  in s us p e n s i o n . Trypan b lue exc lu s i on counts showed 

mor e  than 9 0  percent of c e l l s  in s us pens ion were viable . 

S even days after e s t ab l i shment , the primary culture s 

o f  lymphoma ce l l s  were p a s s aged . " Morulae " redeve loped 

ln the s e condary c u l t ur e s  and an appare nt increas e in c e l l  

numbers oc c urre d . However , fol lowing t h e  third pas sage 

after 10 days , the lymphoma c e l l s  fai le d  to p ro l iferate and 

event ually d i e d  after 2 1  days in culture . 

A s imi l ar pat t ern was obs erved for s ome prlmary culture s 

o f  0 1 1 2 , but the de g r� e  o f  prol i ferat ion was not as marked 

as for 0 1 1 1  and the c e l l s  were never pas sage d . Mo st c e l l s  

wer e  dead within 1 4  days o f  initi at ing t h e  culture . 

No s i g n i fican t  p ro l i ferat ion o f  lymphoma c e l l s  occurred 

from exp lant cultur e s o f  011 4 , 011 5 and 0 11 6 . Howeve r , 

l arge irr e gu larly s hape d mot i le c e l l s  p o s s ib ly o f  mono cyt i c  

o r i g in app e ar e d  o n  t h e  s urface o f  the culture flasks o f  the 

exp lant c u lt ure s o f  s p l e en from 0 1 1 6  after 2 4  hr . The s e  

were 2 to 3 t ime s larger than lymphoma c e l l s , d i d  not incre as e 

l n  n umbers a fter about 7 days and s urvived for over 3 wee k s . 

Approximat e ly 5 days fo l l owing exp lantation of a l l  

lymphomas , c e l ls o f  fibrob l a s t i c  morpho l o gy were seen growing 

out from the explante d  t i s su e s  ( Fi gure 1 4 ) under the p lasma 

c lo t . The s e  c e l l s  were adherent t o  the fla s k  and were 

MASSI:Y UNIVERSITY 
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FIGURE 1 2 : Sma l l -morula-l ike clusters o f  ce l l s  2 4  hours 
f o llowing the e s tabl i s hment of O L l l  pla sma clot 
exp l ant culture s . ( Magnificat ion 2 5 0 t ime s ) 

FIGURE 1 3 : Larger cellular clusters s everal day s after the 
e s t ab l i shment of OLll p l as ma c l ot explant culture s .  
( Magni ficat ion 2 5 0  t ime s ) 

F IGURE 1 4 : F ibrobla st - l ik e  c e l l s  (�LF ce l l s l g rowing out o f  
t h e  lymphoma e xp lant s 5 days fo l lowing the 
e s tab l i shment o f  OLll p l a sma c lot exp lant culture s .  
( Magn i ficat ion 2 5 0 t ime s ) 





d e s i gnated a s  ovine lymphoma fibrob las t ( O LF ) ce l ls . O n ly 

2 lymphomas produce d O LF ce l ls that were cultured for more 

than 2 0  p as s age s . The s e  c e l l s  were OLF 1 2 P , O LF 1 2 L  derived 

re s pe c tive ly from lymphomas o f  the pop l iteal and lumbar 

lymph node s , and O LF 1 5H , O LF 1 5 F  derived re spe c t ive ly from 

a s ub c utaneous hindquar t e r  and a forequarter lymphoma . 

DI S CU S S ION 

1 0 1  

E ar l i e r  attemp t s  i n  thi s l aborat ory us1ng s us pens ion 

cultures to e s t ab l i s h  c u l t ures from sporadic ovine lymphomas 

had fai l ed ( Johnstone , unpub l i s he d  dat a ) and the attempts 

reported here using s us p e n s ion culture s were also uns ucce s s fu l . 
' - r 

As the nutrit ional requ i rement s o f  ovine lymphoma ce l l s  1n 

culture had not been d e fined it wa s decided to s creen 

s e veral d i f ferent me d i a / s era c omb inat ions over feeder 

fibro b la s t  monolayers ( Fi gure 1 1 )  to determine the mo s t  

s ui table med i a  cond i t i o n s  for growth . Us ing a s imilar 

approach E p s te in and Kapl an ( 1 9 7 4 , 1 9 7 9 )  had s ucce s s fu l ly 

ident ifi e d  the s p e c i f i c  growth r e quirements for the 

e s tab l i shment of cont inuous ce l l  culture s of human lymphoma s . 

However , this  t e chnique was not s ucc e s s ful with ovine 

lymphomas with the o n l y  conc lus i on drawn from the screening 

b e ing that certain med i a / sera comb inat ions a l lowed the 

longer s urvival of c e l l s  in culture . Equine s erum , de sp ite 

its  u s e fulnes s in bovine l ymphoma culture s ( Hare et  a l . 3 

1 9 6 8 )  was toxic t o  ovine lymphoma ce l ls but not t o  the 

fibroblast mono laye r s . Although Ep stein and Kap lan ( 1 9 7 4 , 

1 9 7 9 )  reported that p ar t i c u l ar feeder ce l l s  were of i mportance 

in the e s t ab l i shmen t  of individual lymphoma ce l l  culture s , 

Kap l an ( pers . c omm . ) i n dicated that thi s was not as important 

as f irs t thought . Ther e fore i n  t he maj ority of the med i a  

s cr eening e xperimen t s , t he continuous ovine R O K  ce l l  l ine 

was us e d a s a feeder l ay e r . The cho ice o f  thi s part icular 

l in e  was one o f  convenience as these c e l l s  were readi ly 

avai lab l e  in contr a s t  t o  other ov1ne ce l l s  s uch a s  FOSK 

c e l l s  which were p a s s ag e d  p rimary c e l l s . 

Uti l i s in g  the i n formation gained from the media s creen1ng 

e xp e riment s a p lasma c lo t  exp l ant te chnique was tried ( Paul , 



1 9 7 5 ) .  Thi s  approach was initi a l ly encouragi n g  with 0 1 1 1  

b e in g  pas s ag e d  .twice and with 0 1 1 2  showing s ome c e llular 

pro l i fera t i o n  w ith the formation o f  morula- l ike cellular 

aggr e g at io n s . Romanowsky - s tained sme ars o f  c e l l s from 

0 1 1 1  cultur e s  showed s ome ce l l s  in mit o s i s . H owever , 

1 0 2 

c e l l s  from both 011 1 and 0 1 1 2  and the s p lenic exp lants o f  

0 1 1 6  were mot i le and i t  i s  pos s ible that the maj ority o f  

the c e l l s  accumulat ing i n  the culture med i a  had n ot 

prol i ferate d  but were viable c e l l s  mi grating from the 

exp lanted n e op la s t i c  t i s sue s . The 0 1F c e l l  l i n e s  that were 

derived from the lymphomas by this t e chnique provided 

add i tional lymphoma - a s s o c iated material t o  s creen for 

retrovirus e s  ( Section B ,  Chapter 4 ) . 

In a l l  attemp t s  e ffort s were made t o  minim i s e  c e l l  

death be fore culture e s tab l i shment . The s e  i n c l uded the 

reduc ing of the t ime lag be fore the preparati o n  of the 

cul t ure s , and the p l a c ing o f  lymphomas on ice within one 

hour and the c ulture s initiated within 3 hours of the 

death of the anima l . Although the s e  prec auti on s  may not 

h av e  been adequat e , there are other unknown factors that 

may be ne c e s s ary for the e s tab l i shment of c on t inuous c e l l  

culture s o f  lymphomas and r e lative ly fe w s u cc e s s e s  have been 

reported f or e ither bovine ( Burny e t  a Z . � 1 9 7 8 )  or human 

lymphomas ( reviewed by Ep s t e in and Kap lan , 1 9 7 9 ) . 

Whi l s t  the r e s u l t s  des cribed here · were d i s c ouraging , 

the nutr i e n t  s creening technique may s t il l  b e  succe s s fu l  

i n  d e fining t h e  nutri t i onal factors r equired for the 

e s tabli s hment of ovine lymphoma c e l l  culture s i f  different 

feeder c e l l s , aut o l ogous s era and other nutri t ional 

comb inat ions  are u s e d : Alternative l y , the u s e  of spe c i fica l ly 

conditioned me dia s imi l ar t o  t ho s e  u s e d  in the e s tabl i shment 

o f  human T c e l l  lymphoma c e l l  lines ( Po i e s z e t  a l . � 1 9 8 0 )  

may be s uc ce s s fu l . In view o f  the d i fficult i e s  encountered 

in later experime n t s  to i s o late and a s s ay for a putat ive 

ovine lymphoma virus ( Section B ,  Chapter 4 ) , the deve lopment 

of s uch c ont inuous c e l l  lines  is cons idered crucial for the 

comp l e t e  e va luat ion of sporadic ovine lymphoma . 



C H A P T E R  4 
A T T E M P T S  A T  T H E  B I O C H E M I C A L  D E T E C T I O N O F  A R E T R O V I R U S  

A S S O C I A T E D  W I T H S P O R A D I C  O V I N E  L Y M P H O M A  

I ntroduct ion 

Mat eri a l s  and methods 

C e l l  cu lture s 

( i )  

( i i )  

( i i i )  

( iv )  

( v )  

( v i )  

Ov ine lymphoma c e l l  suspens lon cultures 

Contro l  lymph node cell suspens ion culture s 

Primary and cont inuous monolayer c e l l  culture s 

OLF c e l l  culture s 

Retroviru s - infected mono layer c e l l  cul ture s 

Cocul t ure o f  mono layer culture s with ovine 

lymphoma c e l l s  

V irus i s o lation pro c e dures 

( i )  I nit ial preparat ion 

( i i )  Sucro s e  dens ity gradient c e ntr ifugat ion 

( i i i ) S e d imentat ion veloc ity centri fugat ion 

C iv )  At tempted virus isol at ion from ovine lymphoma 

t i s s ue homogenat e s  
3 H . . b . 

• url d l ne- la e l l 1ng o f  c e l l  culture s 

As say for RNA- depe ndent DNA po lymera s e  

( i ) Exogenous primer-templ at e a s s ay 

( i i )  Exogenous primer-template as say with Act inomycin D 

( i i i )  

( iv )  

Endogenous as say 

RNAa s e  pretreatment of the ultracentrifuge d 

pe l let 

( v ) As says acro s s  a sucro s e  d e n s ity grad ient 

As s ay for rad ioac t ivity 

Re s u l t s 

A .  As say s for 3H uri d ine - l abe l l e d  RNA-containing v1rus 

part i c l e s  

( i )  Ovine lymphoma c e l l  suspens ion culture s 

( i i )  

( ii i )  

( iv ) 

Contro l l ymph node c e l l  suspen s ion culture s 

Cont inuous mono layer c e l l  culture s 

O L F  mono l ay e r  c e l l  culture s 

B .  As says for RDDP act ivity in preparat ions from ov 1ne 

l ymphoma c e l l  cultur e s  and homo genat e s , O LF and cocultured 

fibrob l a s t s  

( i ) Media from ov1ne lymphoma c e l l  cul ture s 



Re s u l t s ( c on t i nue d )  

( i i )  Ovine lymphoma t i s su e  homo genat e s  

( i i i ) Me d i a  from OLF c e l l  c ul t ur e s  

( iv )  Me d i a  from mono l ayer culture s cocu ltured with 

ovine lymphoma c e l l s  

D i s cu s s ion 
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A T T E M P T S  A T  T H E  B I O C H E M I C A L  D E T E C T I O N O F  A R E T R O V I R U S  

A S S O C I A T E D W I T H S P O R A D I C  O V I N E L Y M P H O M A  

INTRODUCTION 

A lthough e le ctron m1cros copy can be a us e ful te chni que 

for the dete ction of retrovirus e s , it could not provide any 

in formation about the nat ure of the virus - l ike part i c l e s  

obs erved in 2 cas e s  o f  s porad i c  ovine lymphoma ( Se ct ion B ,  

Chapter 2 ) . There fore i t  was n e c e s s ary t o  use a lternat ive 

methods t o  a s s ay for the virus t o  further exp lore the 

hypothe s i s  that a retrovirus was a s s o c i ated with thi s d i s e as e . 

Thi s  chapter re port s the use o f  2 biochemi cal technique s 

1n experime n ts with ovine lymphomas . Firstly , 
3

H urid ine ­

lab e l l in g  o f  short t e rm lymphoma suspe n s i on and OLF cultur e s  

w a s  u s e d  i n  an attemp t  t o  d e t e c t  high mo lecular we ight RNA 

in part i c l e s  having the b ouyant density o f  retrovirus e s . 

S e c on d ly , the retroviral enzyme , RDDP , was a s s ayed for in 

preparat ions derived from s uspens ion culture s and mono l ayer 

coculture s of ov ine lymphoma , from OLF culture s and from 

lymphoma homo genat e s . Stan dard method s  were u s e d  in the 

att empte d  viral i s o l at io n s . 

MATE RIALS AND METHODS 

Ce l l  Cultures 

( i ] Ovine lymphoma c e l l  s us p e n s i on c u l ture s 

C e l l  s u s pe n s i ons were pre pared from 6 c as e s  o f  ov1ne 

lymphoma s ( Table 1 7 ) ,  approximate ly 1 0
7 

c e l l s  in 5 ml o f  

e ither Me d ium 1 9 9 - F B S  o r  RPMI 1 6 4 0 - F B S  were s e e ded into 

p la s t i c  c ulture flasks as d e s cribed in the previous chapter , 

and incubated at 3 7 ° C for 3 6  t o  4 8  hr . 

( i i )  Con tro l lymp h n o de c e l l  s us p e n s i o n  c u l tures  

The me s e nteri c  lymph nodes o f  a sheep were collected 

from a s laughterhou s e  and washed twic e  in a Hank ' s  balanc e d  

s a l t  s o lut ion that c ontained ant i b io t ic s . The lymph nodes 



1 0 6  

were finely d iced i n  RPMI 1 6 4 0  and pre s s e d  through a 

4 0 -me s h  t i s s ue s ieve . The c e l l s  were washed in med ium by 

centrifuging them at 2 0 0  g for 10 min . Fo l lowing 

re s u s pens ion and count ing l n  a haemato cytometer , approximat e ly 

1 0 7 v��bl e c e l l s  per 5 ml o f  RPMI 1 6 4 0 - FB S  were s eeded into 

plas t i c  culture flask s . Cultures were i ncubat e d  at 3 7 ° C 

for 4 8  hr . 

( i i i l  Primary and con t inuous  mono layer ce l l  cu l ture s 

Primary c e l l  c ultur e s  from foe tal bovine s kin , lung 

and k idney , from foetal ovine skin , lung , kidney and t e s t e s  

and from fe l i ne embryo s w e r e  e s tab li shed in Med i um 1 9 9 - FB S  

as d e s cribed for FO SK c e l l s  in Se ct ion B ,  Chapter . The s e  

c e l l s  and the continuou s  l in e  o f  ROK c e l l s  were pas s aged when 

c onfluent mono layer s  had forme d . The c e l l s  were washe d with 
0 

P B S , detached at 3 7  C by ATV and the c e l l s  were used at 

approximate ly 2 x 1 0
5 

p e r  ml i n  Medium 1 9 9 - FB S  t o  e s tab l ish 

new culture s . 

C iv )  OLF ce l l  cu l ture s 

The s e  ce l l s  were derive d from the p lasma c lo t  exp lant 

c u lt ure s o f  ovine lymphomas and were d e s cribed in Sect ion 

B ,  Chapte r  3 .  Med i a  from 5 c ulture s ( OLF ll , O LF 1 2 , OLF 1 4 , 

O L F 1 5  and OLF 1 6 ) were c o l l e cted over a number o f  pas s age s 

and s to r e d  at - 7 0 °C .  The s e  were poo led according to each 

lymphoma i rre spect ive o f  their t i s s ue o f  origin . 

( v ) Re tro v iru s - i nfe c te d  m o no l a y e r  ce l l  c u l tur e s  

B LV ( New Zealand s train ) infected foetal ovine s p le e n  

( BL V - FO S )  c e l l s  were cul t ur e d  in Medium 1 9 9 - F B S  a n d  were 

pas saged as for other mono l ayer cell  cu ltures when confluent . 

RSV ( Prague C s t rainl i n fected chick embryo fibrob las t s  

( RS V - CE F )  were cultured in Vogt ' s  medium ( Appendix ) 

s up p lemented t o  2 0  percent with FBS ( Vogt ' s - FB S ) . The s e  

c e l l s  were pas s aged as s oo n  a s  they had become con fluent . 

The culture s were washed once in PBS , 1 ml o f  ATV s upplemented 

w ith 5 0  � 1  o f  0 . 2  M E DTA was added and the c e l l s  incubate d  

a t  3 7 ° C unt i l  they had b e c ome detached . The y  were then 

resuspended in Vogt ' s - FB S , centrifuged at 2 0 0  g for 5 min 

and the s up ernatan t remo v e d . The c e l l s  were then re suspended 



1 0 7  

5 
to appro ximate ly 2 x 1 0  c e l l s  p er ml o f  medium and new 

c ulture flasks seede d . After 2 4  hr the med ium was changed .  

( v i l  Co c u l t ure o f  mono l a y e r  cu l ture s w i t h  o v i n e  lymp h oma 

ce l l s 

One lymphoma wa s c o cultured with foetal bovine c e l l s  

( 0 1 1 ) , o n e  with foe t a l  ovine c e l l s  ( 0 15 ) and 4 with ROK 

ce l l s  ( 0 17 , 0 18, 0 1 1 0  and 0 1 1 1 ) . Foetal b ovine and ovine 

mono l ayer c e l l  cult ure s in their s econd t o  fi fth pas s age 

were det ached and n ew c ulture s e stabl ished as de s cribed 

above , 2 4  hr prior to the add i t i on o f  ovine lymphoma c e l l s . 

The s e  were added at approximat e ly 1 0
6 c e l l s  per ml in either 

Med i um 1 9 9 - FB S  or RPMI 1 6 4 0 - FB S . The bov ine coculture s 

were pa s s aged 5 to 6 days a fter e s tab l i shment , with the 

lymphoma c e l l s being harve s ted s eparat e ly by centri fugat ion 

an d then returned t o  the new culture s . The media from thi s 

an d subs equent pas s ages  were coll ected and s tored at - 7 0° C .  

The ovine culture s were not pas s aged , but the media 
0 were c o l le ct e d , poo led and a l s o  s tored at - 7 0 C .  

The cocultured ROK c e l l s  were derived from the media­

s creen fee der-ce l l  culture s used in an at tempt to det ermine 

th e nutrient requirements  of ovine lymphoma cells ( Se ct ion 

B ,  Chapter 3 ) . The s e  c e l l s  were pas s aged a further 4 or 5 

t ime s an d the me d i a  were c o l lected , pooled and s tored at 

- 7 0° C .  

Other ROK c e l l s  cocult ured with 017 , 0 1 8 , 0110 and 0 1 1 1  

were pas s aged and 2 4  h r  l a t e r  5 ' bromode oxyuri dine ( BrdU ) 

was added at a final c oncen trat ion o f  4 0  �g per ml . Media 

was co l le cted on 3 oc cas ions over 12  days, p o o led and stored 

at - 7 0° C .  

V irus I s o lat ion Procedure s 

( i )  Ini ti a l  prepara t i o n  

Media from cultures that were t o  be s cr eened for 

retroviru s e s  either by 
3

H uridine �lab e l l in g  or by the RDDP 

a s say , were centri fuged at 8 0 0  g for 1 0  min to remove c e l l s  

an d the n  at 6 , 0 0 0  g f o r  3 0  m 1 n  to r emove s ubce l lular debri s . 

The re sulting s upernatan t s  were then centri fuged at 8 0 , 0 0 0  g 

fo r 1 2 0  min in a SW 2 5 . 1  rotor in a Beckman 1 ultracentrifuge . 



E ach pe l le t  was re s uspended in 2 0 0  � l  o f  a buffer ( TNEM ) 

cont aining 0 . 0 1 M Tri s -HCl ( pH 7 . 4 ) ,  0 . 1  M NaCl , 0 . 0 0 1  M 

E DTA and 0 , 0 5 percent mercap toethanol and kept on i c e  

unt i l  further pro c e s s e d  by e ither ( i i ) or C i i i ) b e l ow . 

( i i )  Sucro s e  den s i ty gradi e n t  c e n trifug a t i o n  

1 0 8 

One hundre d � l  o f  res uspended pellet were layered onto 

a 5 ml 15 t o  6 0  p ercent l in e ar dens ity gradient of s ucro s e  

in TNEM whi ch was t h e n  centri fuged in a S W  5 0 . 1  rotor at 

2 4 3 , 0 0 0  g for at leas t 4 hr at 4° C .  Fractions were co l le ct e d  

in 2 0 0  � l  vo l ume s u s i n g  a p e r i s t al t i c  pump ( Buchler 

Instrument s )  and den s it i e s  were calculated from the re fractive 

index me asured with a re fractome t e r  ( Abbe ) .  

ti i i )  Sedime n ta t i o n  v e l o ci ty c e n tr ifuga t i on 

Ten � l  o f  5 perc ent s o di um dodecyl s ulphate ( SDS ) ln 

45  percent e thano l ( w / v )  were added to l O O  �l  o f  resuspended 

p e l le t  and incubat e d  for 15 min at 3 7° C .  The s amp le was then 

l ayered onto a 5 to 2 0  percent l i near dens ity grad ient o f  

s u crose ( RNAase fre e , S i gma ) i n  TNEM and centri fuged in a 

SW 5 0 . 1  rotor at 2 4 3 , 0 0 0  g for 1 5 0  min at 2 0° C .  Gradient 

fractions o f  2 0 0  � l  were c o l l e c t e d  us ing a peris t a l t i c  pump 

and the acid -pre c ip i tab l e  radioactivity o f  each determined . 

( iv ) A t te mp te d  v i rus i s o l a ti on from o vine l ymp h oma t i s s u e  

homo gena t e s  

The metho d  o f  Ne l s on e t  a l .  ( 1 9 7 8 )  was modi fied as 

fol l ows . Neop last i c  t i s s ue ( 2 0  gm ) from each o f  6 lymphomas 

( Tab le 2 2 )  had been s t or e d  at - 7 0 ° C .  Thi s  was thawe d , 

minced and homogen i s e d  in twi c e  it s vo lume o f  TNEM i n  a 

Sorva l l  Omn imix at 0 ° C .  The homo genat e was then divided 

into 2 part s . One hal f was the t e s t  suspens ion whi l s t  the 

other s e rved as a pos i t ive mixing control . To the control 

hal f , 1 0 0  � l  o f  RSV in TNEM was adde d . Thi s  RSV from 

RSV-CEF c e l l s  had b e e n  concentrated by pre p arat ive ultra­

centrifugation unt i l  s uf f i c i en t  RDDP activity was pre sent 

t o  incorporate 1 0 , 0 0 0  count s per min ( cpm ) of 
3

H thymidine 

t riphos phate C
3

H TTP ) after a 6 0  min incubation of the 

a s s ay . Both halves o f  the lymphoma homogenate were then 

centrifuged at 2 , 0 0 0  g for 1 0  min at 4°C and the re sulting 



s up e rnat ant s c entr i fuged twice at 6 , 0 0 0  g for 3 0  m1n at 

4° C .  The s e  s upernatants were then layered onto a cushion 

of 2 0  p er c ent s ucros e 1n TNEM and centri fuged in a SW 

2 5 . 1  rotor at 8 0 , 0 0 0  g for 1 2 0 min . The r e s ulting p e l l e t s  

were re s usp ended i n  2 0 0  � 1  o f  TNEM and k e p t  o n  i c e  unt i l  

a s s ay e d  for RDDP . 
3

H Uri d ine - 1abe l l ing o f  Ce l l  Culture s 

1 0 9  

Ce l l  cult ure s o f  4 ovine lymphomas ( 0 1 1 6 , 0 11 7 , 0 1 1 9  

and 0 1 2 0 )  a n d  o f  contro l me s e nteric lymph node s , 0 1 F  c e l l s , 

uninfected ROK , foet al ovine t e s t e s  and fe l ine embryo 

fibrob l a s t  monolayer c e l l s , and B 1V-FOS  and RSV - CE F  c e l l s  

were labe l l e d  with t h e  addi t i on t o  the medium o f  8 � C i  

p er ml o f  5 ,  6 
3

H uridine ( New Englan d  Nuc lear ) ( Robin s on , 

1 9 6 7 ) . The me dia were harve s t e d  3 6  t o  4 8  hr later and 

proce s s e d  by centri fugat ion and u ltracentrifugat ion as 

de s cribed above . Each o f  the final u l tracentri fuged pe llet s 

was r e s u s p e nded in 2 0 0  � 1  o f  TNEM and he ld at 0° C .  

One hundred �1 o f  t he resuspended p e l l e t  were layered 

over a 15 t o  6 0  percent den s i ty gradient of s ucro s e  ( RNAase 

fre e ) in TNEM . Thi s  was centri fuged from 4 t o  2 2  hr 

according t o  the preparation at 4°C, 2 0 0  � 1  fract ions removed 

and a ft e r  the den s i t i e s  of each was measure d , the acid­

p re c ip i tab le radioactiv ity was det ermined for e ach fract ion 

including the p e l l e t . 

The s e cond hal f  o f  the re suspended pe l l et was treated 

with SDS  and s ub j e c t e d  t o  s edimentat ion velocity centr i fugat ion 

as de s cr i b e d  above . 

As s ay for RNA-Dep e ndent DNA Po lymerase ( RDDP ) 

The inital a s s ay inc luded the synthe t i c  prime r-temp late 

o l i go dT : po ly rA and was used t o  s creen a l l  material . 

Thi s  mat erial incl uded preparat ions from c u ltures o f  1 5  

lymphomas and 1 lymph node ( Tab le 1 9 ) , from 6 lymphoma and 

2 lymph node homogenate s  ( Table 2 2 ) , from 8 01F c e l l  culture s  

( Tab le 2 3 )  and from 1 5  mon o l ayer cultures cocultured with 

o vine l ymphoma ( Tabl e  2 4 ) . The a s s ay was a l s o  performed us ing 

RSV and B1V as p o s it ive c ontrols ( Table 2 1 ) . 

I f  a pre paration in this kinetic as s ay showe d incorporat ion 



1 1 0  

o f  3 H T T P  into acid�inso lub le material then i t  was neces sary 

t o  t e s t  whe ther the act ivity was due t o  RDD P . Three 

add i t ional as s ay s  were performed with e ach samp le from 3 
lymphoma s and 1 lymph node to characteri s e  the reaction 

( Tab l e  2 0 ) . 

1 .  The addit ion o f  Act inomycin D to the primer-template 

react ion mlx t o  inhib it DNA-directed DNA p o lymeras e s . 

2 .  The removal of primer- temp late from the re action 

mix to me a s ur e  the endogenous activity of the preparat ion . 

3 . The RNAase pretre atme nt o f  the ultracentrifuged 

preparat i o n  fo llowe d by t he endogenous reaction to determine 

the dependence o f  the activity on RNA temp l at e . 

I n  a l l  as s ays RSV and B LV preparat ions were used as 

contro l s  ( Tab l e  2 1 ) . 

F i n a l l y , primer - t emp late act ivity was me asure d acro s s  

a sucro s e  dens ity gradi e nt t o  d e t e ct whether any act ivity 

was a s s o c iated with a part icle o f  known den s ity with 

pre parat ions  from 7 lymphomas and 1 lymph node ( Table 19 ) , 

and o f  RSV and BLV . 

In a l l  k i ne t i c  a s s ays , 2 criteria were app lied t o  

as s e s s  whe ther any activity was pre s ent in a preparat ion . 

1 .  A s ample was cons idered p o s i t i ve for enzyme act ivity 

only i f  t here was an increase ln 3 H TTP incorporat ion over 

3 conse cut ive s amp l i n g  t imes . 

2 .  I f  an as say fu l f i l le d  the above criterion , then 

an i nco rp o r a t i o n  r a t e  was calcu lat e d  u s in g  the formula ; 

Final cpm - Initial cpm 

Tot a l  react ion t ime ( min ) 

An incorporat ion rate o f  1 0  cpm per mln was chosen as the 

rate t hat had to be e xceeded be fore a preparat ion was deemed 

pos i tive for RDDP activity . 

(i } Exo g e n o us prime r- temp l a te a s s ay 

Whe n  initially s creening for RDDP act ivity the endogenous 

primer-t emp late of o l i go ( dT )
1 0

: poly rA was u s e d  to enhanc e 

s e n s it iv i t y . To determine the kine t i c s  o f  incorporat ion o f  
3 H TTP , each t ime point was as sayed a s  fo l lows : 

Twe nty � 1  o f  an u ltracentrifuged p e l l e t  s uspension ln 



TNEM pre p ared from e ither c e l l  culture material or t i s s ue 

homo genat e s , were mixed with 5 0  l-!1 o f  reac t i on mix A 

cont aining 2 ).lM Tri s -H C l  ( pH 8 .  5 ) , 1 ]11 MgC1
2

, 0 .  5 � 

KCl and 0 . 6  WM dithio thre i t o l . Thi s  was incubated at 

· 

·
0 °C for 10 min in the pre s ence o f  0 . 1  percent NP4 0  

det ergent after wh ich 4 3  ).1 1 o f  reaction mix B containing 

0 .  0 1  lJM adeno s ine tripho sphate ( AT P ) , 0 .  0 1  ).lM cytos ine 

triph o s phate ( CTP ) , 0 . 0 1 J.lM guanidine triphosphate ( GTP ) , 

0 . 0 0 1  J.lM thymidine tripho s phate ( TTP ) , ( a l l  triphosphate s ,  

S i gma ) , 2 ).l Ci 
3

H TTP ( New Eng l an d  Nuc lear ) and 0 . 0 0 5  

uni t s  primer-temp lat e o l i go ( dT )
1 0

: po ly rA ( Calb iochem ) 

( 1 unit y i e lds an A2 6 0  o f  1 . 0 i n  1 ml o f  water ) was adde d 

and the mixture incubate d  at 3 7
°

C for the predetermined 

t ime . As s ay s  were t ermi nate d  in a l l  cas e s  by adding 1 ml 

l l l  

o f  a n  aqueous solution a t  0° C containing 5 percent 

t r ich loroacetic acid and 1 percent ( w/ v ) s o dium pyropho s phate 

( TCA/ NaPP ) .  One hundre d J.ll o f  a 5 mg per ml so lution o f  

b ovine s erum albumin wa s add e d  a s  carrier . 

( i i l  Exo genous p ri me r - temp l a t e  a s s a y  w i t h  A c tinomycin D 

The react ion cond i t ions were the s ame as the above 

e xcept that 1 0  ).l g  Act i nomycin D was added t o  reaction mix A .  

( i i i )  Endo ge nous  a s s ay 

The e xo genou s  primer- t e mp l at e  wa s exc luded from reaction 

mlx B with the other a s s ay conditions remaining the same . 

C�v 2 RNA a s e  A pre tre a tm e n t  o f  t he u Z tracentri fuge d pe l l e t  

I n  the s e  e xperiment s  1 ).l g RNAas e  A ( S i gma ) was added t o  

the mi xture of re s us p ended p e l le t  and reaction mix A .  

Thi s  was incubat ed f o r  6 0  min a t  3 7 °C be fore the addit i on 

o f  react ion mix B .  The a s s ay then proceeded as C i i i }  above . 

( v )  A s s ay s  acro s s  a s ucro s e  de n s i ty gradi e n t  

Fo l lowing centri fugat i on , the first 1 8  fractions were 

c o l le ct e d  from the b o tt om o f  the gradient , were d i luted in 

TNEM and recentri fuged at 2 4 3 , 0 0 0  g for 4 5  min at 4° C in 

a SW5 0 . 1  rotor . Afte r  removing the s upernatant s the pe l le t s  

were e ach re s u spended i n  2 0  ].11 o f  TNEM and reaction mix A 

adde d .  The mixture s were i ncubate d  at 0 ° C for 1 0  min a ft e r  

which reaction m i x  B wa s adde d . The f i n a l  mixture s were 



incubat e d  at 3 7 °C for 4 5  m1n . The p e l l e t  o f  the s ucro s e  

d e n s i t y  gradi e nt was a l s o  as s ay e d  for RDDP activit y . 

As s ay for Radioact ivity 
. . 3

H " d '  Ac id-precipitab le rad ioact1v1ty from the ur1 lne-

labe l l in g e xperime nt s and the RDDP as s ay s  was me as ured 

fo l lowing addit i on o f  4 ml o f  T CA/ NaPP to the samp le . 

The pre c ip itate was co l le cted onto glas s - fibre f i l ter 

1 1 2  

d i s c s  ( G F/ C , Whatman ) by suction and the fi lters washed 

wi th 2 0  ml of TCA/NaPP fo llowe d by 3 0  ml of d i s t i l led water . 

After dryi n g , the fi lter s we re p l aced into 5 ml o f  a 

t o luene -ba s e d  s c int i l lat ion fluid ( Appendix ) and the leve l s 

o f  radioact ivity mea s ured in a Be ckman LS 7 0 0 0  l i quid 

s c i nt i l l at i on count e r . 

RE SULTS 

A .  AS SAYS FOR 3
H URI DINE - LABE LLE D  RNA- CONTAINING V I RUS 

PART I C LE S  

( i )  O v i n e  lymp homa ce l l  s us p e n s i o n  c u l ture s 

Four lymphoma culture s ( 0 11 6 , 0 1 1 7 , 011 9 and 01 2 0 )  

were labe l l e d  with 3H uridine and part o f  the ultracentri­

fuged pre parations was centri fuged thro ugh a 15  to 6 0  

percent s ucro s e  grad i e nt . A broad p e ak o f  radioactivity 

( Fi gure 1 5 ) at dens i t i e s  ran ging from 1 . 1 8 to 1 . 1 4 gm 

p e r  ml was found in sucro s e  gradient s c entri fuged for 4 

hr ( 01 1 6  and 01 2 0 ) . I n  prep arations eentri fuged for more 

than 1 5  hr ( 0 117  and 0 11 9 ) no d i s crete peak s  ( Figure 1 6 ) 

comparabl e  to the RSV and B LV contr o l s  ( Fi gure s 1 7  and 1 8 ) 

were found . Mos t  o f  the rad ioactivity was e i ther in the 

grad ient p e l let or in fract ions that had d e n s i t i e s  greater 

than tho s e  of the known retrovirus e s . Dup l i cate gradient 

centri fugations were not done for d i fferent t ime s as there 

was i n s u f fi c ient ultrace ntri fuged p e l let mat erial from each 

lymphoma s uspen s ion c ulture . 

SDS  tre atment o f  the other part o f  the u l tracentri fuged 

pe l l e t  of 012 0 was fo l lowed by s e d imentat i o n  ve locity 

centri fugat ion through a 5 t o  2 0  p ercent s ucrose  grad ient 

for 1 5 0  min . A d i s crete p e ak o f  radioactiv i ty a s s umed to 
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FI GURE 1 5 : The d i stribution o f  rad ioact ivity in a 1 5  t o  6 0  
percent sucro s e  den s ity grad ient after H 
urid ine - labe l l e d  mat erial from cu ltures o f  O L 1 6  
was cent r i fu ge d  a t  2 4 3 , 0 0 0  g for 4 hours at 
4 ° C .  ( • : den s ity in gm p er rnl ) 

1 000 
• -
" 
c 

E 
.. 
• 
a. 
• 

-
c 
"' 
0 500 

(.J 

�M\-.. . \ f  V \/>-.... . . . \ ............. 

5 

'· 

1 0  

. ............ . "-... 

\ . 
., ._/ \ 

.,_; 
·

\. 

1 5  

F r a c t i o n a 

\ . 

· - · - ./ 
2 0  

1 . 200 

1 . 1 50 

1 . 1 0 0  

... 
= 
• 
c 
• 
Q 
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c entr i fug e d  at 2 4 3 , 0 0 0  g for 4 hours at 4 ° C .  
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be s ed imenti n g  was found ( Fi gure 1 9 ) with a calculated 

s e d imentat ion value of 7 S . Whe n  3 H uridine- lab e l le d  

1 1 5  

R S V  was a l s o  sub j ected t o  s ed imentation ve locity 

centri fugat ion , a sma l l  y e t  d i s crete peak was obs erved with 

a s ed imentat ion value of approximat e ly 2 5 S ( F i gure 2 0 ) . 

( i i )  Con tro l lymp h  node ce l l  s u s p e n s i o n  cu l ture s 

I n  a control experime nt us ing media from labelled lymph 

node c e l l  s uspension culture s , a peak o f  ac id-pre cipitable 

radioact iv i ty was found at a s imi lar dens ity as tho s e  for 

0 1 1 6  and 0 1 2 0 after 4 hr centrifugat ion i n  a 15 to 6 0  

p e rcen t  s ucro s e  gradient ( Fi gure 2D . SDS tre ated pre parat i ons 

s howed a s edimentation value of approximate ly 7 S .  

Ci i i )  Co n tinuous mono l ay e r  c e l l  cu l ture s 

To a s s e s s  whether the p e aks o f  radi oactivity de s cribed 

1 n  C_i )_ and (_i i )_ abo ve were a s s o c iate d  only with lymphocytes 

and lymphoma ce l l s  in culture , approx imate ly 1 0 7 ROK , 

foetal ovine te s t e s  and fe l i ne embryo c e l l s were lab e l led 

w i th 3 H urid ine and the culture media proce s s ed for sucro s e  

den s it y  grad ient c entr ifugat ion . N o  peaks o f  rad ioactivity 

were foun d . 

To t e s t  whether the radioact ivity found in the lympho­

cyt e and lymphoma pre p arat ions  was from c e l lular RNA be ing 

re leas e d  from d e ge nerat ing ce l l s , a s imulat ion experiment 

was performed in which approximat e ly 1 0 5 o f  the radio ­

labe l l e d  ROK ce l l s  were s craped from the flasks , resuspended 

in me d i um and ruptured by 2 0  s troke s of a Dounce -type 

homogeni s er . Ultracentri fuged pe l l e t s  were prepared from 

thi s  medium and dup l i c at e  s ucro s e  dens i ty gradients 

centri fuged , one for 4 hr the other for 2 2  hr . As seen in 

Fi gure 2 2 , a dis cre t e  p e ak at dens ity 1 . 1 7 gm per ml was 

found after 4 hr centri fugat ion . Thi s  pe ak migrated to a 

den s i t y  o f  approximately 1 . 2 2  gm per m l  a ft e r  2 2  hr 

c entri fugat ion , indicating that the radioact ive material 1n 

the peak found a ft e r  4 hr was s t i l l  s e diment ing . When part 

of the initial ultracentrifuged p e l le t  was treated with 

SDS and centri fug e d  through 5 to 2 0  p ercent sucro s e  a peak 

o f  radioact ivity w i th a s e d imentat ion value o f  7S was found 
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FI GURE 2 0 : The d i stribut ion o f  rad ioact ivity i n  a � t o  2 0  
p e rc e nt s ucro s e  den s ity grad ient after H 
u r i d i ne - labe l le d  Rou s sarcoma v iru s was 
t reat e d  w ith sodium do de cyl su lphate and 
c e nt r i fuge d at 2 4 3 , 0 0 0  g fo r 1 5 0  minut e s  at 
§ 0 °

c . ( + =  peak of h igh mo lecu lar we ight 
H uridine -labelled mat erial ) 
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F I G U RE 2 1 : The d i stribution o f  radio act ivity in a � 5  to 6 0  
pe rcent suc ro s e  de ns ity gradient a fter H 
uridin e - lab e l l e d  mat erial from cul ture s o f  
normal me s e nteric lymph node c e l l s  wa s c entrifuged 
at 2 4 3 , 0 0 0  g for 4 hours at 4 ° C .  ( • : de n s ity in 
gm per ml ) 

F I GU RE 2 2 : The d i st ribution o f  rad ioact i v ity i n  dup l i cate � 5  t o  6 0  p e rcent s ucro se de n s ity gradients after 
H uridi ne - l abe l le d  mat erial  from homogen i s ed 

R O K  c e l l s  was cent r i fuged at 2 4 3 , 0 0 0  g for 
e ither 4 hours C• - •) or 2 2  hours (• - • ) at 4° C .  
C • :  de n s it y  in gm per ml o f  grad i e nt centri fuged 

for 4 hour s ) 
( e :  dens ity in gm per ml o f  grad i en t  c entrifuged 

for 2 2  hours ) 
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s imi l ar t o  t hat from the lymphoma and normal lymph node 

cultur e s . 

( iv )  OLF mono l ay e r  ce l l  c u l ture 

1 1 8  

I n  another s e r i e s  o f  exp eriments 3H uridine was added 

t o  O LF 1 2 P , O L F 1 5 F , O LF 1 5 H  and O L F 1 6  c e l l  cultur e s  betwe en 

the fourth and s e ve nth pas s age s and the media p roc e s sed as 

b e fore . D i s crete peaks in a 15  t o  6 0  p e rcent gradient were 

not found at the s ame den s it i e s  from any o f  the culture s 

after 4 hr centri fugat ion in experime nts repeated 4 time s . 

Whe n  dup l icate gradi e nt s  from the s e  5 cultures were 

examin e d  after 2 1  hr centri fugat ion , the pro f i l e s  o f  

radioact ivity had altered , indi cating that the radio labe lled 

mater i a l  ob s e rved a ft e r  4 hr was s t i l l  s e d ime nt ing . 

I n  one experiment , part o f  the u ltracentri fuged pe l let 

pre pare d from O LF 1 2 P  culture s was treate d with SDS and 

centri fuged through a 5 to 2 0  percent s uc rose grad ient . The 

radio labe l l e d  mat e rial had a value o f  approximate ly 7 S .  

There were no rad ioact ive peaks found i n  sucro s e  

grad i e n t s  in repeat experiment s  involving O LF 1 5 F  cells  that 

had been pas sage d more than 1 5  t ime s . 

B .  AS SAY S  F O R  RDDP ACTI V I TY IN PRE PARATI ONS FROM OV INE 

LYMPHOMA CELL CULTURE S  AND HOMOGENATE S ,  OLF AND CO CULTURED 

FI BRO BLASTS 

C i l  Me dia from o v i n e  lymp h oma ce l l  c u l t ure s 

Med i a  from 1 5  o v ine lymphoma culture s ( Table 1 9 ) and 

med ium from t he s in g l e  s uspens ion c u lture o f  normal lymph 

node ce l ls were s creened for RDDP act ivity by the exo genous 

primer - temp late a s s ay . Med ia from O L l  t o  O L 1 5 were examine d  
. 0 

retro s p e ctlve ly a ft e r  s torage at - 7 0  C .  The type s o f  ovlne 

lymphoma culture from whi ch the med i a  were t e s te d  are li sted 

in Tab l e  17  and the re s ult s o f  the a s s ay s  are pre s ent e d  in 

Tab le 1 9 .  

Only the preparat ions from O L l l , 0 1 1 2  and O L2 0 had 

inc orporat ion rat e s  exceeding 1 0  w i th O L1 9  having a marginal 

rate of 9 .  6 3 .  T.he o thers e ither demons trate d  s ome 

incorporation with a rat e l e s s  than 1 0  ( O Ll , O L 2 , OL5  and 

O L 6 ) or fai le d  to s how a cons i s tent incre a s e  in incorporation 



TAB LE 1 9  

AS SAY F O R  RNA - D I RE CT E D  DNA PO LYME RAS E  ACT I V I TY 

I N  OV INE LYMPHOMA CULTURE ME D IA 

1 1 9  

- Source Vol� (a) TO (b) T60 ( c )  
. . d) Act '  . . Conslstent Incorporatlon lVlty lD 

Increase Rate Sucrose Gradient 

011 42 5 2 3  6 2 1  + 1 .  6 3  ND 
012 3 0  207 5 6 3  + 5 . 9 3 ND 
015 45 3 2 5  7 6 5  + 7 . 3 3 ND 
016 4 0  2 1 0  5 4 0  + 5 . 5 5 ND 
017 37 8 0 6  3 24 ND 
018 3 5  387 5 0 5  ND 

0110 7 437 345 ND 
0111 6 0  40 5 5 3 ( e )  + 12 . 8 3 - ( g )  
0112 128 5 2 1  3 9 3 4 ( f )  + 7 5 . 8 4 
0114 40 492 6 7 5  ND 
0115 40 526 9 7 1  ND 
0116 5 0  7 98 10 6 2  
0117 4 0  ND ND ND 
0119 100 296 874 + 9 . 6 3 
012 0 2 0 0  1211 3 5 2 4  + 3 8 . 5 5 

Node (h) 2 0 0  2 37 148 0 + 2 0 . 7 2 

01 : ovine lymphoma 
ND :  not done 

( a )  volume in rnl o f  culture media prepared for assay 
(b)  counts per l'Irin at beginning o f  assay 
( c )  counts per l'Irin after 6 0  l'Irin 
( d )  Incorporation rate= Final q:�m - Initial q�m 

Total reaction time (min) 
( e )  actually T40 
( f) actually T4 5 
( g )  no activity found at density 1 . 15 t o  1 . 18 gm per rnl 
(h) mesenteric lymph node culture from clinically normal sheep 



and thu s were c o n s i dere d ne gat ive , 
Act i v ity was a l s o  found in preparat i o n s  from the 

contro l lymph n o de c e l l  c u l t ur e s  with an i nc orporat ion 
rat e of 2 0 . 7 2 .  

E xp e r ime n t s were c arr i e d  out t o  t e s t  whether the 
activ i t i e s  o b s e r v e d  in 0 1 1 1 ,  0 1 1 9 , 012 0 and lymph node 
culture s were due t o  RDDP ( Tab le 2 0 )  with RSV and B1V 
b e i n g  u s e d  as p o s i t i ve c on t ro l s  ( Tab le 2 1 ) . F o r  b o th RSV 
and B 1V , Act in omyc in D did not inh i b i t  the prime r - t e mp la t e  
react i o n ; there w a s  n e a r l y  a t e n fo l d  decr e a s e  in R S V  
act i v i ty ( Fi gure 2 3 )  and o v e r  a thre e fo ld decre a s e  in B 1 V  
a c t i v i t y  whe n pr imer- t e mp la t e  wa s removed ( F i gure 2 4 ) ; 

an d for RS V , pre treatme nt o f  the virus with RNAa s e  A 
virt ua l l y  abo l i sh e d  incorporat ion . Howe ve r , RNAa s e  A 
did n o t  affe c t  t h e  e n d o g e n o us act ivity o f  B1V under the 
same condi t i on s . 

1 2 0  

Compar e d  w ith th e contro l s , l i t t l e  vari a t io n  in 
incorporat ion c o uld b e  e v i n c e d  b y  a l tering the a s s ay conditions 
fo r 0 11 1 , 0 1 1 9 , 012 0 and c ontro l lymph node preparat ions . 
Th i s  i s  c l e ar l y  i l lu s t r a t e d  by the kinet i c  p lo t s  o f  01 2 0  

( Fi g ur e  2 5 )  and contro l lymph node activ i t i e s  ( F i gure 2 6 ) . 

H e n c e  i t  was c o n c lude d  that the o b s erved act i v it i e s  from 
the s e  4 prepara t i ons were n o t  d e pendent on p r i me r - t emp late 
and were not s en s i t i v e  to Act inomycin D or RNAa s e  A .  

For 7 lymphoma and t h e  co ntro l p�e parat i on s  a c t iv i ty 
was me a s ured acro s s  s ucro s e  gradient s . No d i s crete p e ak s  
were f ound w i th mo s t  o f  the a c t i vi t y  d e t e ct e d , i f  any , 
b e i n g  locat e d  i n  the grad i ent pe l l e t . This contra s t e d  
sharp ly w i t h  R S V  a n d  B 1V c ontro l s  ( Fi gure 2 7  and 2 8 ) .  

( i i l  Ovine l ymphoma ti s s ue homogena t e s  

N o  s i gn i f i cant a c t i v it y  could b e  dete c t e d  i n  any o f  
the 6 lymphomas , the 2 control lymph node preparat i o n s  or 
reco vered from mate r i a l  that had added RSV ( Tab l e  2 2 ) . 

No d i ffe r e n c e  was found b e tween the reac t i o n s  that inc luded 
or e x c luded prime r - t emp late . 
( i i i )  Me dia from OLF c e l l  c u l ture s 

Ultracentr i fuged preparat ions o f  media from 5 0 1 F  c e l l  



TAB LE 2 0  
AS SAYS F O R  RNA- D I RE CTED DNA PO LYME RASE ACT I V ITY I N  O V I NE LYMPHOMA CU LTUR� 
MEDIA U S I N G  D I F FE RENT REAC T I O N  COND I T I ONS AND Mg 2 + AS THE DI VALENT CAT I ON 

Reaction 
Volt..Une (a) 

TD
(b) Source Conditions 

OLll 60 Primer/Template 269 
No Primer/Template 361 
No Primer/Template 
+ RNAase A 764 

OL19 100 Primer/Template 149 
Primer/Template 
+ Actinomycin D 190 
No Primer/Template 2 33 

OL2 0 2 0 0  Primer/Template 312 
Primer/Template 
+ Actinomycin D 414 
No Primer/Template 3 3 3  
No Primer/Template 
+ RNAase A 813 

Node ( f) 2 0 0  Primer/Template 2 3 7 
Primer/Template 
+ Actinomycin D 4 0 9  
No Primer/Template 430 
No Primer/Template 
+ RNAase A 651 

OL : ovine lymphoma 
( a) volt..Une in rnl of culture media prepared for assay 
(b)  counts pe r  rnin at beginning o f  assay 
( c )  counts per rnin after 6 0 rnin 
( d )  see Table 19 

T6 0 ( c )  

186<er. 
3 3 5 ( e )  

6 5 5 ( e )  

419 

3 8 0  
441 

1064 

1798 
12 3 8  

16 50 
148 0  

1347 
1809 

2 342 

( e )  
( f )  

-

Consistent 
Increase 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

actually T30 

I . ( d )  ncorporat1on 
Rate 

4 . 50 

3 . 17 
3 . 47 

12 . 5 3 

2 3 . 0 7  
15 . 0 8 

13 . 9 5 
2 0 . 7 2  

15 . 6 3 
2 2 . 9 8 

2 8 . 18 

mesenteric lymph node culture from 
clinically normal sheep 

f-J 
1'0 
f-J 



TAB LE 21 

RNA- DIRE CTED DNA POLYMERASE ACT I V I TY O F  ROUS SARCOMA V I RU S  AND 

BOV INE LEUKAEMIA V I RU S US ING D I F FERENT AS SAY CONDIT I ONS 
i 

Reac-tion Consistent . (d)  Divalent 
Volume (a) TO(b)  T60 (c)  

Incorporatlon 
Source Conditions Increase Rate Cation 

RSV 2 0  Primer/Template 138 2227  + 34 . 8 2 2+ 
Mg2+ 

RSV 2 0  Primer/Template 185 19051 + 314 � 43 Mg 

RSV 2 0  Primer/Template 52  4504 74 . 22 2+ 
+ Mg

2+ 
2 0  Primer/Template 8 3  915 + 13 . 8 7 Mn 

Primer/Template 5 3  341 + 4 . 80 EDI'A+ 
No cation 

RSV 2 0  Primer/Template 86  10891 + 180 . 0 8 Mg
2+ 

2 0  Primer/Template 
2+ + Actinomycin D 274  1610 5 + 263 . 85 Mg
2+ 

2 0  No Primer/Template 258  1673 + 2 3 . 5 8 Mg 
20 No Primer/Template 

Mg2+ + RN.Aase A 212 568 + 5 . 9 3 

BLV 450 Primer/Template 895 2 3 81 + 24 . 77 2+ 
Mg

2+ BLV 12 00  Primer/Template 601 4106 + 5 8 . 42 Mg 
Primer/Template 

2+ + Actinomycin D 566  3621 + 5 0 . 92 Mg2+ 
No Primer/Template 493 1550 + 17 . 62 Mg 
No Primer/Template 

Mg2+ + RNAase A 737 2339 + 2 6 . 70  

RSV : Rous sarcoma virus (b) counts per min at beginning of assay 
BLV : bovine leukaemia virus (c)  counts per min after 60 min 
(a) volume in ml of culture media prepared for assay (d)  see Table 19 

1--' 
N 
N 
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F I GURE 2 3 : The kinet ic s  o f  incorporat ion o f  
3

H thymidine 
tr ipho s phat e into a c i d -prec ip itab le mat erial 
by Rou s  sarcoma viru s in the RNA-dire cted 
DNA po lymera se a s say . 
< •--- • : as say with primer -temp late ) 
( • --- • :  as say w ith primer-temp late and 

Act inomycin D )  
<• --- • : a s s ay without prime r -templat e )  
( + --- + :  pretreatment with RNAa s e  A and a s s ay 

without prime r -temp l at e ) 

F IGURE 2 4 : The k inet i c s  o f  incorporat ion o f  3 H thymidine 
triphosphat e into acid -pre c ip itab l e  mat erial 
by bovine leukaemia v irus in the RNA-directed 
DNA po lymera s e  a s s ay . 
< •--- • : a s say with prime r - t emp late ) 
( •---• : a s say with prime r - t emplate and 

Act inomycin D )  
< •---• :  as say without primer- temp l at e ) 
(+---+ :  pretreatment with RNAas e  A and as say 

without prime r -temp l at e ) 
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F I GURE 2 5 : The kinet i c s  o f  incorporation o f  3 H thymid ine 
tripho s phate into ac i d -pre c ipitable material 
by preparat i o n s  from culture s of O L 2 0 in the 
RNA - dire c t e d  DNA polymeras e a s s ay . 
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without primer-temp l ate ) 
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F I GURE 2 6 : The kine t i c s  o f  incorporation o f  3 H thymi d ine 
t ripho spha t e  into acid-pre cip itab l e  material 

1 2 4 

by pre parat ion s from cul ture s o f  normal 
me senteric l ymph node ce l l s  in t he RNA- dire c t e d  
DNA po lymerase a s s ay . 
C • --- • :  a s s ay with pr imer -temp l at e ) 
( A--- A :  a s s ay with primer-temp l ate and 

Act inomyc in D )  
( e --- e : as s ay wiThout prime r-temp l at e ) 
( + --- + : p � e t reatme nt . with RNAa s e  A and as s ay 

wit hout prime'r-temp late ) 
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The di stribution o f  RNA- directed DNA po lymerase 
act ivity of bovine leukaemia v iru s in a 1 5  t o  
6 0  percent s ucro s e  den s it y  gradient centr ifuge d 
at 2 4 3 , 0 0 0  g for 4 hour s at 4° C .  ( • : dens ity 
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TAB LE 2 �  

AS SAYS F O R  RNA- D I RE CTED DNA P O LYMERASE 

ACTIV ITY IN OVINE LYMPHOMA HOMOGENATES 

Primer Consistent 
TO (a)  T60 (b)  Source Template Increase 

Node l( e )  717 (d)  860  + 

Node 1 + RSV (f) 2 0 2  6 2 8  + 

Node 2 + 159 457  + 

Node 2 + RSV + 199 3 5 2  + 

OL2 124 275  

OL2 + RSV 7 5  2 9 5  + 

OL11 5 5  2 5 6  + 

OL11 + RSV 99  218  + 

OL14 + 111 344 + 

OL14 + RSV + 7 3  364 + 

OL16 2 3 5  5 6 8  + 

OL16 + RSV 269  559  + 

0Ll9 + 129 356 + 

0119 + RSV + 106  495  + 

OL20 + 156  382  + 

OL20 + RSV + 171 297 + 

RSV : Rous sarcoTIE. virus 

OL: ovine 1 yrnphorna 

(a) counts per min at beginning of assay 

(b)  counts per min after 6 0  min 

(c)  see Table 19 

(d)  actually TlO 

1 2 6  

. (c )  
Incorporatlon 

Rate 

2 . 86 

7 . 10 

4 . 79 

2 . 5 5 

3 . 67 

3 . 35 

1 .  98  

3 . 88 

4 . 8 5  

5 . 55 

4 . 8 3 

3 . 7 8 

6 . 48 

3 . 76 

2 . 10 

(e)  mesenteric lymph nodes from clinically normal sheep 

(f)  RSV added in a mixing experiment 



cultur e s  d i d  not show any s ignifi cant incorporat ion o f  
3

H TTP ( Table 2 3 ) . 

liv )  Me di a fr o m  mono lay e r  cu l ture s c o c u l ture d wi t h  o v ine 

lymp h oma ce l l s 

1 2 7  

The l ymphomas and mono l ayer c e l l s  used and the r e s u l t s  

of the as s ay s  are l i sted i n  Table 2 4 . S igni f i cant act i vity 

was found in th e foetal bovine lung ce l l  culture med i a  and 

in the poo led me d i a  from the foetal ovine c e l l  culture s .  

Ins uffici e nt material was ava i lab le to as s e s s  the nature o f  

the act ivity o b s erved a s  the bovine ce l ls d i d  n o t  survive past 

the twe l fth pas s age and the ovine c e l l s  d i d  not pas s age at a l l . 

No act ivity could be dete cted in the pooled med ia from 

f 2 + . ROK cocult ured ce l l s . The u s e  o Mn as an a lternat lve 

diva l e nt cation , or the use o f  EDTA without cations had 

litt le e f fect when compared t o  that o f  d i f fe rent cations 

on RSV activity ( Tab le 2 2 ) . 

Final l y , us ing BrdU an attempt was made t o  enhance 

retrovirus production from ROK cocultured ce l l s . The me dia 

d . . h Mg 2 + 2 + 
A . . were p oo le d  an a s s ayed u s l n g  e l t  er or Mn . ct lvlty 

was not d e t e c t e d  ( Tab le 2 4 )  nor was it found in contro l 

media from ROK c e l l s  not cocultured with ovine lymphomas . 

D I S CU S S I ON 

The addi t ion o f  3H uridine to ce l l  culture s and the 

sub s equent analys i s  of culture supernatant s by dens ity 

gradient centri fugat ion has been emp loyed to detect RSV  

( Robinson , 1 9 6 7 ) , Raus cher Mu1V ( Barbieri -We i l l  et  a l . � 

1 9 7 9 )  Fe1V ( Sarma e t  a l . � 1 9 7 0 ) , enzootic ovine lymphoma 

vlrus ( Pa u l s e n  e t  a l . � 1 9 7 6 ) B1V ( Re s s ang e t  a l . � l 9 7 4 ;  

We i land e t  a l . � 1 9 7 4 )  and 2 other retroviru s e s , one 

a s s oc iat e d  with canine lymphoma ( Onions , 1 9 8 0 )  and the 

other with human leukaemia ( Mak e t  a l . � 1 9 7 5 ) .  Whe n  

this technique was app l i e d  t o  s hort term s u s pe n s ion c u lture s 

o f  sporad ic ovine lymphomas , a rad ioact ive p e ak in the 

den s ity range o f  retroviru s e s  was found in s ucro s e  gradients 

thro ugh wh ich preparat ions from 0116  and 0 1 2 0 had been 

centri fuged for 4 hours . Howe ver , a s imi lar peak was 

obtained from c ontro l pre parat ions of normal lymph node 



TAB LE 2 3  

AS SAYS F O R  RNA- D I RE CTED DNA POLYMERASE ACTIVITY 

IN ME DIA FROM OV INE LYMPHOMA F I B ROBLAST 

CELL CU LTURE S 

Consistent . . (d)  
(a)  TO (b)  

T60 ( c )  
Incorporat1on 

Source Volume Increase 

OLFll 

OLFll 

OLF12 

OLF12 

OLFll.t 

OLF15 

OLF15 

OLF16 

160 201 347 ( e )  + 

178 317 ( e ) + 

2 0 0  91 439  + 

6 0  279 157 ( f) 

120 159 423  + 

30 82  245 ( f) + 

6 0  289 168 ( f) 

260  490 832  

3 0  3 3 8  102 

OLF : ovme lymphoma fibroblast cells 

(a) volume in ml of culture media 

(b)  counts per min at beginning of  assay 

( c )  counts per min after 60 minutes 

(d)  see Table 19 

(e) actually T55 

(f)  actually T40 

Rate 

2 . 6 5 

2 . 5 3 

5 . 8 0 

4 . 4  

4 . 08 

1 2 8  

Divalent 
Cation 

Mg2+ 

Mn2+ 

Mg
2+ 

Mg
2+ 

Mg
2+ 

Mg
2+ 

Mg
2+ 

�2+ 

Mg
2+ 



TABLE 2 4  

ASSAYS FOR RNA - DIRECTED DNA POLYMERAS E ACT I VITY I N  MEDIA 
FROM CELL CULTURES COCULTURED WITH OVINE LYMPHOMA 

Cells OL Volurne (a)  TO ( b )  T60 ( c )  
Consistent 

Increase 
. (d )  Incorporatlon 

Rate 

FBK 

FBE 

FBL 

FBL [FOK 

FOSK 

FOL 

OLl 

OLl 

OLl 

OLl 

OL5 

ROK t��� 
OLlO 

ROK OLll 

ROK 

+ 

BrdU 

OL7 

OL8 

OLlO 

OLll 

OL : 

FBK : 

FBE : 

FBL : 

FOK: 

FOSK : 

FOL : 

ROK : 

BrdU : 

(a) 

(b) 

( c )  

(d) 

(e)  

(f)  

60  

90 

120 

307 

50 

50 

50 

180 

10 0 

100 

12 7 

142 

7 5  

3 7  

9 7 8  

181 

3 8 8  

1 51 

376  

5 7 6  

5 3 9  

232 (d)  

395 ( e )  

22l ( e )  

793 ( f )  

2 3 8  

240 

2 3 5  

344 

406 

2 50 

ovine lymphoma. 

foetal bovine kidney 

+ 

+ 

+ 

+ 

+ 

foetal bovine epithelial ( skin) 

foetal bovine lung 

foetal ovine kidney 

foetal ovine skin 

foetal ovine lung 

diploid ovine kidney cell line 

5 ' bromodeoxyuridine 

3 . 6 5  

12 . 60 

11 . 18 

0 . 95 

1 . 40 

volume in ml of culture media prepared for assay 

counts per rnin at beginning of assay 

counts per rnin after 60  rnin 
see Table 19 

actually T40 

twice volume of ultracentrifuged pellet 

1 2 9  

Divalent 
Cation 

2+ 
Mg 

Mn
2+ 

EDTA 
2 +  

Mg 



cultur e s  and o f  ruptured radio lab e l l e d  ROK ce l l s  after a 

s imi lar p er iod o f  centri fugat ion . The peaks derived from 

the ROK c e l l s  shi fted to h i gher dens i t i e s  fol lowing a 

further 1 8  hours c entri fugat i o n , I n s u ff i c ient material 

was ava i l ab le t o  repeat the s e  experiment s with 0116 and 

01 2 0 , but there were no p e ak s  found at the den s ity of 1 . 5  

to 1 . 1 8 gm per ml in s imi l ar preparat ions from 0 1 1 7  and 

0 1 1 9  that had been centri fuged for more than 1 5  hours . 

I t  was concluded that the 
3

H uridine - labe l led material 1n 

the s e  gradinets was unlike ly to b e  retrovirus . Boone 

e t  a l .  ( 1 9 6 9 )  showed that a s i gni ficant amount of ce l l ular 

RNA cou l d  be trapped with p l asma membrane fragments and it 

i s  there fore l ike ly that the p eaks found in 0 1 1 6 , 012 0 

1 3 0  

an d contro l lymphocyte grad ients were due to s edimenting 

c e l lular RNA , I n  s upport of thi s e xp lanation was the 

obs erva t i o n  that high mo lecul ar we i ght RNA could not be 

found in S D S  tre ated p e l l e t s  from any culture preparat ions . 

S imi l arly , media from 
3

H uridi n e - l abe l led fibroblast 

cultur e s  derived from ovine lymphomas ( O LF ce l l s ) s howed 

no evidence of containing retroviru s e s  or h i gh mo lecul ar 

we i gh t  RNA althou gh some s edimenting radio labe l le d  mat erial 

was d e t e cted , The re s ult s can be interpreted in the s ame 

way a s  were tho s e  from the ovine lymphoma culture s .  The 

val i d ity o f  this exp lanat ion is s upport e d  by the number o f  

exper i me nt s comp l eted and b y  the dup l icate grad ients that 

were as s ayed after different t imes o f  c e ntri fugat ion . The 

sma l l e r  p e aks o f  radioactivity found in gradi e nt preparat ions 

derived from later OLF ce l l  p as s ag e s  could be due to the 

s e l e c t i o n  for ce l l s  more s tabl e  under culture conditions and 

therefo r e  l e s s  l ike ly to degenerate and r e le as e RNA . Support 

for th i s  hypothe s i s  came from experiment s involving other 

labe l l e d  mono layer ce l l  cultures i nc l ud ing ROK ce l l s  in the 

fift i e th p a s s age , and foetal ovine t e s t e s  and f e l ine embryo 

ce l l s . Litt l e  or no radi oact ivity was found in s ucro s e  

grad i e nt s o f  preparat ions from the s e  media , showing that 

some c e l l  cultur e s  do not readi ly re l e a s e  RNA into the 

cul ture me dia . 



Although the low mo lecular we i gh t  RNA detected 1n 

ovine lymphoma and OLF cultur e s  is l i k e ly to be o f  

ce llul ar origin , another p o s s ib i l ity i s  that i t  1 s  

retroviral RNA not eas i ly recoverab l e  i n  high mo lecular 

we ight form . At tempts to demo n s trate 7 0 S  RNA directly 

1n pre parat ions of B LV have been un succe s s ful ( We i land 

1 3 1  

e t  a l . � 1 9 7 4 ; Mu s s gay and Kaade n ,  1 9 7 8 )  and i t  has required 

indire c t  method s s uch as a s imultaneous detec t ion as say 

( S chlom and Spiege lman , 1 9 7 1 )  to demons trate the pre s ence 

of high mo lecu lar we ight RNA ( Kettmann e t  a l . � 1 9 7 5 ) .  

This inab i l ity t o  direct ly det e c t  7 0 S  RNA may be due to 

virion i n s tabi lity . Barb ieri-We i l l  e t  a Z .  ( 1 9 7 9 )  found 

that attenuated s trains o f  Raus cher MuLV collected from 

culture s at 18 to 2 4  hour interva l s  were uns table as j udged 

by the i nab ility t o  dete c t  6 0 - 7 0S or 3 5 S  RNA , a reduct ion 

1n RDDP a c t ivit y  and the l o s s  o f  virion infe c t ivity . 

Howe ver , i f  th i s  MuLV s train was c o l lected at 6 hour 

interval s  then the s e  propert ie s were comparable to tho s e  o f  

the nonattenuat e d  s train s . V i rion instability may have 

contribut e d  to the large amount o f  low mo lecu lar we ight 

material found in the contro l preparat i ons o f  RSV des cribed 

1n the s e  e xperime nt s ( Fi gure 2 0 )  but a more l ike ly explanat ion 

lS that th e RSV was c o l le cted from· aging , s t atic cultures 

and the c ulture me d i a  may have contained c e l lular RNA . 

I f  the putative ov1ne lymphoma v1rus was intrins ically 

fragi l e  then thi s could there fore caus e difficulty in its 

det e c t i o n  and the re leas e o f  l y s o s omal and cytop lasmic 

enzyme s from dying c e l l s  i n  c u l t ure might further accomp l i s h  

virion degradat i on . In the s e  experiment s , precaut ions 

taken to reduce the like l iho o d  o f  v irion breakdown were , o f  

ne ce s s it y , int uit ive compromi s e s . The time a l lowed for 

incorporat ion o f  
3H uridine had to be suffic ient to allow 

the accumulat ion o f  de t e c tab l e  quant i t i e s  o f  virus but not 

long enough for s ignific ant d e gradation of the virus to 

occur . S tandard methods s uch as the baking of glas sware 

and t he u s e  o f  RNAase - free s ucro s e  were used to reduce the 

exo ge nous introduction o f  RNAa s e  into the as says and e fforts 



were made to reduce any re s i dual RNAas e  act ivity by 

proce s s ing cu lture me dia at 0 to 4 ° C .  

The s e c ond me thod u s e d  in an att empt to detect 

retro viru s e s  involved as s ays for RDDP . Culture med i a  from 

ovine lymphoma , OLF , and cocultured fibro b las t cu lture s , 

and preparat ions from neoplas t i c  t i s s ue homogenates were 

as saye d . The reagents and c onditions cho sen for the 

RDDP a s s ay were s imilar to tho s e  de s cribed to detect the 

enzyme in t he ovine mae d i -v i s na virus ( Schlom e t  a Z . � 

1 9 7 1 ) , B LV ( G i lden e t  a l . � 1 9 7 5 ; Wuu e t  a Z . �  1 9 7 7 )  and 

1 3 2  

RSV . Although methods that are s uitable for one type o f  

retrovirus may not b e  s u i tab le for another , i t  was cons idered 

that condi t i ons that c o u ld detect RDDP in an ovine retrovirus 

was a reasonab l e  cho i c e  for initial inve s t igat ion of a 

suspected v irus i n  ovine lymphoma . 

The u s e  o f  a prime r- temp l ate i s  e s s ential for maximal 

s e ns it ivity in the RDDP a s s ay ,  b ut there is a lack o f  

agreement as to wh ich t emp lat e  i's t h e  mo s t  spec ific . The 

temp late u s e d  in the s e  as s ays , o l i g o  dT : poly rA , is the 

mo s t  s en s i t ive for dete c t in g  RDDP in mo s t  retroviru s e s  

( Ki e s s ling a n d  G ou l i an , 1 9 7 6 ; Sarngadharan e t  a l . � l 9 7 6 ) .  

lt can , howeve r , be ut il i s e d  by some c e l lular DNA 

po lymeras e s  ( Knop f e t  a Z . � 1 9 7 6 ; Robert - Guro ff e t  a Z . � 

1 9 7 7 ) . To c o n firm there fore , that any activi ty detected 1 s  

RDDP , other criteria mus t  b e  s at i s fied . Thi s  may e nt a i l  the 

use o f  alt e rnat i ve primer-temp late s  but should also  i n c l ude 

the u s e  of an as say without s ynthe t i c  primer-temp lat e s , 

to demon s trat e t hat the enzyme det e c t e d  can tran s cribe DNA 

from virion RNA . Thi s  endogenous re act ion s hould be RNAa s e ­

sens it ive and n o t  be a ffected b y  Ac t inomycin D .  Other 

criteria for the s p e c i f i c ity of RDDP act ivity are l i s t e d  by 

S arngadharan e t  a l .  ( 1 9 7 6 ) and Verma ( 1 9 7 7 ) . 

Although a more s t andard measure o f  RDDP activity would be 

t he calculat ion o f  the a ctual amount of 
3

B TTP inc orporat e d , the 

use of an incorporat ion rat e was found to be a more conveni ent 

meas ure in the s e  prel iminary exper iment s .  An incorporat ion rat e 



o f  1 0  was arbitarily cho s en q S  thi s app e ared t o  reflect an 

overa l l incre a s e  in cpm from b ackground to the final cpm 

1 3 3  

by at l ea s t  a factor o f  3 .  A T
0

/ T6 0  rat io ( On ions , 1 9 8 0 )  

was not a r e l i ab l e  indicator o f  thi s  act ivity as background 

at T
0 varied from experime nt to experiment . 

Although there was s i gn i ficant i ncorporat ion o f  
3

H 

TTP into ac id ins ol uble material by pre parat ions from 

3 ovine lymphoma culture s ,  none o f  the activi t i e s  detected 

behaved like RDDP . When a s s ay conditions were varied , 

incorpo rat ion wa s not enhanced by primer- temp l at e , the 
� 

endogenous reaction was not abo l i she d by RNAas e  A under 

cond i t i on s  that d i d  so for RSV and act ivity was not as sociated 

with p art i c l e s  of the bouyant density of retroviru s e s . In 

addit i o n , s imi l ar act ivi t i e s  were found in ultracentri fuged 

preparat ions from contro l lymph node cu lture s . The nature 

o f  thi s activity was not determine d . I n  normal human 

lymphocyt e s  there are DNA p o lymera s e  act ivit i e s  primed by 

sma l l  RNA mo l e c u l e s  ( Fox e t  a Z . � l 9 7 3 ; Neubort and Bas e s , 

1 9 7 4 ) . The endogenous act ivity from s uch mo lecules  u t i l i s ing 

ce l l u l ar p o lymera s e s  may be RNAas e  re s i s tant i f  the RNA 

is bound t o  DNA , and wou l d  be independent of the primer­

temp l at e . 

RNAa s e - ins e ns i tive endogenous RDDP activity ha s been 

report e d  by Kie s s l ing and G o u l ian ( 1 9 7 9 ) . The endogenous 

react i ons of pur i fied MuLV and AMV are 8 0  percent s ens itive 

to RNAa s e  ( Ki e s s l ing e t  a l . �  1 9 7 2 ; Kie s s l ing and Goul ian , 

1 9 7 6 , 1 9 7 9 ) . However , c e l l  fract ions o f  infe c t e d  murine and 

av1an c e l l  c u l t ure s had reduced RDDP s ens itivi t i e s  t o  

RNAa s e , and , i n  human l e ukaemic and normal ce l l s , RNAase 

tre atment enhanced incorporation ( Kie s s l ing and Goul ian , 

1 9 7 9 ) .  Th i s  e nhanceme nt may have been due t o  the pre s ence 

of a l ternat ive t emp lat e s  s uch as contaminating DNA fragment s 

or the increas e avai l abi l i ty o f  incomp letely hydro lysed RNA 

fra gment s .  Thi s  enhanceme nt phenomenon was noted in the 

exp e r iment s with o vine lymphomas reported here and may have 

bee n due to the co ntamination by c e l l ular nuc l e i c  acids from 

both ovine lymphoma and norma l lymphocyte culture s . I t  i s  



not understood why thi s  a l s o  o c curred for the BLV contro l 

( Figure 2 6 ) . As s ay condit i ons that were sufficient t o  

demonstrate the RNAas e - s ens i t i v ity o f  the endo genous RDDP 

1 3 4-

. act ivity o f  RSV were not e ff e c t ive with B LV . The 

enhanceme nt fo l lowing the tre atment o f  BLV with RNAa s e  was 

not a d ire c t  re s ul t  of the pre incubat i on for one hour as 

RDDP activity did not incre a s e  i n  a control exper iment when 

RNAa s e  was exc lude d  from the p r e i ncubation mixture . The s e  

obs ervat ions  sugg e s t  that t h e  p re s e nce o f  RDDP can not be 

excluded e ve n  if i t s  endo g e no u s  activities  are insen s i t ive 

to RNAa s e . 

The o b s erved activity i n  c u l t ured normal sheep 

lymphocyt e s  needs further i nve s ti gat ion cons idering that 

a s imilar activi ty found has b e e n  found in human lymphocyt e s  

( Kies s ling and Goulian , 1 9 7 9 ) . Thi s  act ivity in sheep c e l l s  

may be re s tricted to tho s e  o f  lympho i d  derivat ion as who le 

cell homo ge nat e s  of ROK c e l l s  d id not show any s i gnificant 

incorporat ion ( data not pre s ented ) .  

No s i gni ficant activity with or without temp lat e  was 

found in e i ther ovine lymphoma or normal lymph node homogen­

ate s which was unexpected cons idering that act ivity was found 

in preparations from short t e rm cul tur e s  of such material . 

Free z i n g  may have destroye d  thi s a c t ivity as unlike the 

culture preparations all t i s s u e  u s e d  had been stored at - 7 0 ° C .  

The appar e nt s en s itivity t o  free z i ng may be indirect �vidence 

again s t  the RDDP nature of the act ivity obs erved in the s e  

culture e xperiment s ,  a s  Ki e s s l ing and Goulian ( 1 9 7 9 )  found 

that re trovira l RDDP was unaffe c t e d  by long term s torage 

at - 2 0 ° C ,  or by s e veral fre e ze -thaw cyc l e s  of infected c e l l s . 

Mixing experiment s us ing RSV were done with node and 

lymphoma homo genates to a s s e s s  the potential lo s s  of RDDP 

activity due to the technique and from the p o s s ible pre s e nc e  

o f  inhi b i t ory s ub s tance s . The amount o f  virus added could 
. 3 
lncorporate a total o f  1 0 , 0 0 0  cpm o f  H TTP after 6 0  mln 

incubat ion . There was at l e a s t  a 1 , 0 0 0 -fold lo s s  o f  RSV , 

a lo s s  much higher than tho s e  rep orted in s imi lar reconst i t ion 

and reco very exper iment s .  I n  experiments with parainfluenza 



1 3 5  

v irus type 3 ,  a l O O - fold l o s s  o f  Vlrus o ccurred when i t  

was mixed with lung homogenat e s  (Dr J . K .  Clarke , Department 

o f  Microbio logy and Gene t i c s ,  Mas sey Univer s it y ,  pers . 

c omm . ) .  _ Kie s s l i n g  and Goul ian ( 1 9 7 9 )  reported only a 

3 0  percent los s · i n  r etroviral recovery e xperiment s using 

cell c u lture s . The maj or imp l icat ion o f  the mixing 

experiment s invo lving ovine lymphoma was that a los s o f  

the p utat ive o v i n e  lymphoma virus would also  have oc curre d . 

Better recoveri e s  may have re s ulted from cont inuous lymphoma 

c e l l  l ines but a l l  e f forts that were d e voted to deve loping 

s uch l in e s  were un s u c ce s s ful . The factors cau s ing this 

l o s s  could only be e luc idated by the add i t ion of RSV to 

paral l e l  preparat i o n s  and virus added to the final pel l e t  

would ind i cate t h e  pre s enc e  o f  inhibitors o f  t he RDDP 

as say . 

S i gnifi cant i n c orporat ion o f  3H TTP was found in med i a  

from F B L  and poo l e d  me dia from FOS , FOK and F O L  c e l l s  

c ocult ured with o v i n e  lymphomas , b u t  i n s uffi c ient material 

was available t o  a s s e s s  whe ther the act ivity was due to 

RDDP . The search for a p ermi s s ive c e l l  l ine for a putat ive 

ovlne retrovirus , an alte rnat ive to ovine lymphoma cont inuous 

c e l l  l ines , should cont inue . The RDDP as s ay may provide a 

s en s it ive t e chnique to det e ct retrovira l rep l icat ion in 

any s uch permi s s iv e  c e l l  culture ( Ke l lo f e t  a l . � 1 9 7 2 ) . 

I n  s ummary, R S V  and BLV were de t e c t e d  us ing biochemi cal 

me thod s ,  but conc l u s ive evidence for the as s o c iat ion of a 

retrovirus with s porad i c  ovine lymphomas was not obtaine d . 

Limi tations may have been p laced on the s e n s i t ivity o f  the s e  

techniques b y  t h e  apparent interference b y  norma l ce l lular 

component s ln the various as s ays or by the re lative ly sma l l  

vo lume s o f  mat e r i a l  t e s t e d . T o  d e t e ct s igni ficant amount s 

o f  a human ret ro virus i s o late , Poie s z  e t  a l .  ( 1 9 8 0 )  found 

it wa s nece s s ary to us e a t  leas t 2 0  l itres o f  media from 

a human T ce l l  lymphoma culture . A remalnlng avenue for 

furthe r  re search u s ing bi ochemical t e chnique s would be to 

deve lop s pec i f i c  nuc l e i c  ac id probe s  for retrov iru s e s  and 

use the s e  in hyb r i d i s at io n  s tudie s . 
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T H E  R E S P O N S E S  T O - P H Y T O H A E M A G G L U T I N I N  B Y  L Y M P H O C Y T E S  

F R O M  L Y M P H O M A - I N O C U L A T E D ,  I N - C O N T A C T  C O N T R O L 

A N D P O P U L A T I O N  C O N T R O L  S H E E P  

INTRODUCTI ON 

The re s ul t s  o f  Johns tone e t  a Z .  ( l 9 7 9 a )  s ugge s t e d  that 

a viral agent mi ght be re s pons i b le for the per s i s t ent 

lympho cyt o s i s  s e e n  in sheep ino c u lated with c e l l - free 

extra c t s  o f  s porad ic ovine lymphomas . Since depre s s e d  

re s po n s e s  t o  T and B ce l l  mitogens have been report e d  in 

in v i tro retro viral i n fe ct i ons ( De nt , 1 9 7 2 ; Dent , 1 9 7 5 ; 

I s rae l and Wai nberg , 1 9 8 1 )  then a s imi lar find ing for the 

lymphocytes from the inocul ated animals might be taken as 

ind irect e�idence for a viral a s s oc iation with sporad i c  

ovine lymphoma . In th i s  chapter a compar ison i s  mad e  o f  

the r e s p onse t o  PHA b y  b lood lymphocytes from the s e  and 

contro l  sheep . 

MATER IALS AND METHODS 

Anima l s  

The anima l s  u s e d  we re 1 4  s h e e p  that had been ino c ulated 

7 year s  previous ly w i th ce l l- free extracts of ovine lymphomas 

e ither in u te ro or p o s t - natally ( John stone e t  a l . �  l 9 7 9 a ) , 

4 in- contact control sheep and 6 aged populat ion contro l s . 

The s e  anima l s  were e ither ewe s o r  ram catrate s .  

Co l l ect ion o f  Lymphocyt e s  

To avo i d  the e ffe c t s  o f  diurnal variat ions on PHA 

re s p ons iven e s s  ( Fan e t  a l . � 1 9 7 7 ) ,  e ach sheep was b le d  ln 

the morning and afternoon o f  e very third day for a total 

o f  3 days . B lood lympho cytes were harve sted as d e s cribed 

ln Chapter 2 ,  S e ction A .  

Lymphocyte Cul ture 

Approximate ly 2 x 1 0 6 lymphocyte s  in 2 0 0  � l  of MEM - F B S  

w e r e  added t o  t h e  f l at -bottomed we lls  o f  mi cro culture p late s  

PHA ( PHA- P , We ll come ) ,  d i luted in MEM , wa s added i n  5 to 2 0 � g  



vo lume s to g1ve final concentrat i o n s  o f  5 ,  1 0  or 2 5 � g  

PHA per m l  o f  c ulture . Culture s lack i n g  t h e  mitogen 

s erve d as contro l s . All cultures were e s tab l i she d in 

- trip l i cate and were i ncubated at 3 7 ° C i n  a humidified 

atmos phere of  5 percent co 2 - in-air . Seventy two hr lat er , 

2 0  � l  o f  3H thymidine ( speci fic act ivity 0 . 2 � C i per ml , 

Radiochemical Centre ) were added t o  each we ll . Fol lowing 

a further incubat i on for 18 hr the lymphocyte s were 

harve s te d  by a s emiautomat ic mult i p l e  c e l l  harve ster 

( Mi crotitre Minimash , Dynatech ) onto g l as s - fibre d i s c s  

( G F / C ,  Whatman ) .  The s e  were dried , p laced in vials with 

1 3 8  

5 ml o f  s c i n t i l lat ion fluid ( Appe ndix ) and the incorporated 

radioact ivity measured in a l iquid s c i nt il lat ion counte r .  

Me an s o f  the cpm for the trip l icate culture s were 

c alculat e d , from which mean background counts for the 

control cultures were subtracted . The s e  ad j us te d  means 

were trans formed to square root va lues  for analy s i s . 

RE SULT S  

The o p t imal concentrat ion o f  PHA w a s  det ermined for 

the total e xperime ntal populat ion and for each experimenta l  

group ( Tab l e  2 5 ) . Ana lys i s  o f  variance s howed that for the 

total popul at ion and for each group the maximum response 

was produce d  by 1 0  �g PHA per ml . Although there was a 

l inear r e s p o n s e  t o  the increas ing concentrat ion o f  PHA 

u s e d , there were h i ghly s igni ficant deviations from 

l inearity r e s ult ing from the maximum r e s p on s e  occurring at 

1 0  �g p er m l . There fore , in further analys i s  only the values 

for 10 �g p e r  ml were c ons idere d . Whe n  the me an cpm 

res pons e s  at the 1 0  � g  level ( Tab le 2 6 )  were p lotted ( Figure 

2 9 ) there was an app arent s catter o f  r e s p o n s e s  between the 

3 group s o f  an imal s invo lve d . Thi s  p lot s ugge sted that s ome 

o f  the me a n  respo ns e s  from the lymphoma - inoculated group fell 

out s ide the range s of both contro l  group s . However , 

analys i s  o f  variance did not show any s i gn i f i cant d i fferences 

betwee n  the group mean respons e s  ( p > 0 , 0 5 ) , To compare the 

freque n c i e s  of d i f ferent leve l s  o f  r e s p o n s e , s e parate 

frequency tables  were const ructe d  for e ach group ( Tab le 2 7 )  



TABLE 2 5  

MEAN RESPONSES ( a ) TO VARIOUS CONCENTRAT IONS 
OF PHYTOHAEMA G G L UT I N I N  BY LYMPHOCYTES FROM 
LYMPHOMA - INOCU LATED , IN - CONTACT CONTROL AND 

POPULATION CON T ROL S HEEP 

All Groups Lymphoma-Inoculated In-contact Controls 

PHA concentration 

5J.Jg/ml 128 . 87±44 . 13 l31. 97.J(43 . 06  117 . 47±34 . 6 5 

lO�g/ml 136 . 17±41 . 64 135 . 8 2±45 . 27 125 . 59±33 . 71 

25�g/ml 110 . 13±39 . 71  100 . 45±34 . 62 102 .  36±31. 11 

F Values 

Between concentrations 37 . 1
(b )  

17 . 8
(a) 8 . 5

(b)  

Linearity 3 5 . 5
(b)  

2 3 . l
(b)  

7 . 0
(c)  

Non linearity 38 . 6 (b )  12 . 5
(b)  

l O . O
(c)  

PHA: Phytohaemagglutinin 

(a)  mean and standarcl deviation calculated as r./y / n  and l. ( /y - ly ) 2 I ( n - 1 )  
(b) p<0 . 0 01 

(c) p<O .  01 

Population Controls 

131 . 18±4 6 .  7 2  

139 . 62±42 . 04 � 

116 . 28±42 . 8 3 

15 . 4
(b )  

12 . 0
(b )  

18 . 8  
(b )  

I--' 
w 
tD 



TABLE 2 6  

INDIVIDUAL RESPONSES TO PHYTOHAEMAGGLUTININ AT 1 0  UG PER ML 
BY LYMPHOCYTES FROM LYMP HOMA - INOCULATED , IN � CONTACT 

CONTROL AND POPULATION CONTROL S HEEP 

Response 

Group Sheep Mean ± SD(a) . (b) 
counts per !Illil 

1 163 . 61±40 . 7 3  26769  

2 143 . 64±37 . 19 20636  

Population 3 145 . 57±20 . 8 0 21191 

Controls 4 129 . 70±48 . 7 5  16822 

5 111 . 7 8±52 . 82 12493 

6 135 . 3 6±48 . 29 18 3 2 2  

7 135 . 51±32 . 36 18364 

In-contact 8 134 . 62±32 . 18 18122 

Controls 9 104 . 92±40 . 01 11007  

1 0  123 . 78±23 . 18 15321 

ll(c)  174 . 81±25 . 53 3 0 5 59 

12 (c)  16 7 . 7 6±18 . 2 2 2 8141 

13 (c)  160 . 51±26 . 35 25763 

14 ( c )  
88 . 32 ±17 . 59 7 800 

15 160 . 9 8±18 . 04 25913 

16 ( c )  66 . 93±21 . 7 6  4479 

Lymphoma- 17 ( c )  105 . 68±27 . 76 11168 

Inoculated 18 ( c )  159 . 62±25 . 9 0  2547 9 

19 ( c )  102 �49±33 . 14 10 503 

2 0 ( c )  180 . 65±16 . 02 32632 

21 ( c )  
127 . 55±19 . 20 16269 

22  170 . 45±19 . 85 2905 3 

2 3 (c ) 
158 . 32±31 . 29 2 5064 

24 ( c ) 
12 6 . 62±28 . 60 16031 

Analysis of variance : Between groups F = 2 • 97 3 

SD : standard deviation 
ns : not significant 

p 0 . 0 5  ns 

(a) Mean and SD calculated as Ely/n and E ( /y - /Y) 2 / (n - 1 )  
( b) Mean converted to the original scale from the transformed values 
C c )  Lyrnphorna-inoculated sheep previously showing lymphocytosis 

140 
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F IGURE 2 9 : S cattergram o f  i n d iv i dua l mean respo n s e s  t o  1 0  � g  
phytohaemagglut inin per ml by lymphocyt e s  from 
lymphoma - inoculat e d  ( • ) ,  in -contact co ntro l ( e ) 
and population control ( • )  sheep . 

FI GURE 3 0 : Plot o f  re lat ive freque nc ie s  o f  opt imal re s po n s e s  
t o  phytohaemagglu t in in b y  l ympho cyte s from 
lymphoma-inoculat e d  ( • ) , i n - contact contro l ( e ) 
and populat ion contro l ( • ) shee p . 
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TAB LE 2 7  

F RE QUEN CY D IA G RAM OF OPT I MA L  RE S PON S E S  T O  PHYTOHAEMA G G LUT I N I N  

BY LYMPHO CYT E S  F ROM LY�PHOMA - I NOCU LATE D ,  I N - C ONTACT C ONTROL 

AND POPU LAT I ON CONTROL SHE E P  

Score 2 3 4 5 6 7 

Range Root Response 26-50 51-7 5 7 6-100 101-125 126-150 151-17 5 

Population Count 0 14 5 4 21  17 

Controls Percentage 0 16 . 7  6 . 0  4 . 8  2 5 . 0 2 0 . 2  

In-contact Count 1 2 . 11 2 0  1 5  9 

Controls Percentage 1. 5 2 , 9  16 . 2 29 . 4  2 2 . 1 13 . 2  

Lymphoma- Count 4 18 2 2  3 0  38 52 

Inoculated Percentage 1 . 8 8 . 3  10 . 1  13 . 8  17 . 5  24 . 0  

$, 
. . 17 6-200  

14 , 

16 . 7  

8 ,, 

11 . 8  
I 

37 

18 . 0  

9 

201-225  

3 

3 . 6  

0 

0 

6 

2 . 8  

f-J + 
N 



and the relative frequenc i e s  plotted ( Fi g ure 3 0 ) .  The 

relative frequency d i s tribution for each o f  the 3 group s 

d i d  not show evidence o f  group d i fferenc e s i n  e ither mean 

or d i s p e r s ion . 

D I S CU S S I ON 
The lymphoma - inoculat e d  and in- contact c ontro l she ep 

we re the s urvivors of the flock de s cr i b e d  by Johns tone 

e t  a Z .  ( l 9 7 9 a )  of whi ch 12 of the inoculated sheep . had 

previous ly shown a lymphocyt o s i s . Although at the t ime 

o f  the s e  experiments  the ir individua l lympho cyte numbers 

143 

had returned to within the normal range , if the lymphocyto s i s  

had b e e n  i nduced b y  a retrovirus ( John s t one e t  a l . � 1 9 7 9 a ) , 

t hen it i s  probab l e  that the virus might have p ers i s t e d  and 
, 

a ffected the mitogenic re spons e s  o f  lymphocyt e s  from the s e  

sheep . 

Whi l s t  the re spon s e s  t o  PHA o f  a n umber o f  lymphoma­

inoculated sheep appe ared to be out s ide t he range o f  the 

2 contro l group s no s tat i s t ically s ig n i f i cant di fferenc e s  

were found betwe e n  them . The apparent d i fference may not 

have o c c urred had more c ontro l sheep b e e n  examined . 

The maximal response to PHA by the lymphocyt e s  from 

the popu lation contro l group o c curre d  at the s ame PHA 

concentrat ion , and wa s o f  the s ame order o f  magnitude , as  

those reported by Outteridge e t  a l .  ( l 9 8 lb )  for sheep . 

PHA was s e l e ct e d  as the s t imul at in g  mit ogen for 2 

reasons . Fir s t ly , it was in ?HA-trans formed lymphocyt e s  

o f  the lymphoma - i noculated sheep that t h e  ve s i cular s tructure s 

interpret e d  as virus - like by Johnstone e t  a l . ( 1 9 7 9 a )  we re 

ob served . S e condly , the lymphoma ext rac t s  inoculat e d  by 

the s e  author s were from 2 sheep with mu lt icentr ic lymphomas 

and one sheep with a primary mas s  in the ant erior me diast inum 

( John s t o ne , unpubl i s he d  dat a )  which , by e xtrapo lat ion o f  the 

data in Section A ,  were mo s t  probab ly T c e l l  in origin . 

There fore , t he putat ive agent in the s e  l ymphomas mi ght 

have b e e n  expe cted to infect a T lympho cyte target ce ll and 

t o  have altered i t s  respons ivene s s  to PHA . However , 

there was no stat i s t i cal di fference betwe en the mitogenic 



res pons 1ven e s s  t o  PHA o f  lympho cytes from lymphoma­

inoculated , in-contact and population control sheep i n  

the s e  experiment s . 
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C O N C L U D I N G S T A T E M E N T  

Lymphomas and leukaemias are neop l a sms of the immune 

system wh ich are induced by retroviru s e s  in s ome an ima l 

specie s . Both immunological and viro l og ical face t s  o f  

sporadic o v ine lymphoma were examined o n  thi s  study t o  

enab l e  c omparisons t o  b e  made b etwe e n  t h i s  d i se a s e  and the 

lymphoma s of other specie s . 

The c e l l s  o f  s poradic ovine l ymphoma appear to have 

diver s e  immuno logical origin s , in c ontrast to tho s e  of 

bovine l ymphoma ( Taka shima et a l . ,  1 9 7 7 ) . Furthermore , 

there app e ared to be a relat ionship be twe en the anatomical 

d i stribut i o n  o f  the l e s ions and whether the c e l l s  were 

T or B c e l l  in origin . A s imilar r e l a t ionship may e x i s t  

for fe l in e  lymphoma ( Mackey and Jarre t t , 1 9 7 2 ) .  

Retroviru s e s  could not be conc l u s ive ly demons trat e d  

ln experiment s us ing biochemic a l  t e chn ique s , al though 

nonbudd in g  part i c l e s  were o b s erved by e l ectron micro scopy 

in several lymphoma s and in a s u s p e n s ion culture . The 

re sult s o f  the s e  experiment s sugge s t e d  that cel lular 

en zyme s and nuc l e i c  acids cou l d  inter fere with the 

de t e c t i o n  of virus in low t itre s , a prob lem a l s o  

report e d  by other workers search ing f o r  re troviru s e s  l n  
. 

human lymphomas ( Po ie s z  e t  a l . , 1 9 8 0 ) . 

I t  has been c u s tomary to compare many o f  the d i s e a s e s  

o f  sheep a n d  catt l e  becau s e  o f  the ir ruminant phy s iology . 

However , whi l e the low-prevalence and sporadic nature o f  

ovine lymphoma i s  s imilar t o  that found in sporadic bov ine 

lymphoma ( Gr imshaw e t  a l . ,  1 9 7 9 ) and a re trovirus is not 

read i l y  d e t e ctab l e  in either d i s e a s e  ( Burny e t  a l . , 1 9 7 8 ; 

Kettmann e t  a l . ,  1 9 7 8 ; Ferre r , 1 9 8 0 ) ,  the syndrome s occur 

in an ima l s  o f  d i f ferent age s ( John st on e  and Mankt e low , 

1 9 7 8 ; G rimshaw e t  a l . ,  1 9 7 9 )  and are compo s e d  o f  c e l l s  

bearing d i f ferent immunol o g ical markers ( Takash ima e t  a l . ,  

1 9 7 7 ) . O n  the ba s i s of the immuno l o g ical and viro l o g ical 

dat a derived from this study , s porad i c  ovine lymphoma may 

be more appropriately compare d with the proport ion o f  

fe l ine l ymphoma s wh ich are apparently v iru s - negat ive 

( Fran c i s  e t  a l . , 1 9 7 9 ) . 

The u s e  o f  s poradic ovlne lymphoma for lymphoma 
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re s e arch i s  l imit e d  b y  the low o verall prevalence o f  the 

d i s e a s e  in New Zealand ( We b s t e r , 1 9 6 7 ) and th i s  proved t o  

b e  a maj or d i f ficulty in the c urrent studie s .  Inadequat e 

numb e r s  o f  affected sheep and l imited quant i t i e s  o f  mat erial 

we re a h indrance to the proper development and e val uat ion 

o f  the various technique s .  Because - o f th i s  re s trict ion it 

was nece s sary in mo s t  exp e r iment s ,  and in part icular , the 

as say s for RNA -containing part ic l e s  and RDDP act ivity , to 

extrapolate data obta ine d from o ne lymphoma to the next . 

In the c ircumstances thi s a s pe ct o f  the experimental 

des i gn was unavo i dable and there 1s a need to develop 

systems which w i l l  pro v i de more experime ntal mat erial s o ver 

extended periods o f  t ime . The s e  may be in the form o f  

cont inuous c e l l  line s o f  o v ine lymphoma ce l l s , mono layer 

cell l in e s  permi s s ive for a putat ive retrovirus , or live 

clinically affected sheep . The l a s t  po s s ib i l ity i s  least 

like ly to be s ucce s s ful 1n view o f  the dif ficulty in 

de t e ct ing s uch an ima l s ,  

Despite the lack o f  s ucce s s  1n the pre sent expe riment s 

to e stablish cont inuou s  lymphoma c e l l  line s , the development 

o f  the s e  l ine s mu st rema in a priority in further studie s .  

The s e  c ulture s would a i d  the de t e c t ion o f  retroviru s e s  by 

pro v iding large quant i t i e s  o f  d iv iding c e l l s  and by 

reduc ing the contaminat ion o f  preparat ions by ce llu lar 

nuc l e i c  ac ids and enzyme s that interfere with the biochemical 

t e chnique s . C e l l  lines  c o u l d  provide in format ion about 

the range of membrane mark ers pres ent , about lymphoma ­

- s p e c i f ic ant igens , and about lymphoma c e l l  t ran splantab ility 

and karyotyp e . Furthermo r e , the s e  cells  could be cult ured 

with a large number of c e l l  l ine s wh ich cou l d  be s cre ened 

for the ir permi s s ivene s s  t o  retroviru s e s . E s tab li shed 

te chniques for retro v iral re s cue ( Re s sang , 1 9 7 6 )  and 

treatme nt by the halo genat e d  pyrimidine s  ( Dixon , 1 9 7 3 )  

wou l d  have a greater expe ctat ion o f  succe s s fu l  virus 

re covery whe n  app l i e d  t o  t he lymphoma and coculture d 

c e l l  l ine s . Finally , mo l e cu l ar prob e s  for DNA hybr id i s at ion 

could be deve loped u s in g  the avian , mur ine , fe line and 

bovine retro v iru s e s  and re s trict ion enzyme analy s i s  of 

DNA could be used to ident i fy inte grat ion s it e s  o f  any 
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homo logous s e quenc e s  ( Ko shy e t  a L . ,  1 9 8 0 ; Nee l e t  a L . , 

1 9 8 1 ) .  I f  t h i s  informat ion wa s in support o f  the p romo t e r  

insertion hypothe s i s  ( Hayward e t  a L . ,  1 9 8 1 )  f o r  s poradic 

ovine lymphoma , then thi s  d i s e as e  wou l d  have add e d  

importance a s  a mo de l for lymphomagene s i s  in t h e  group 

of apparen t l y  viru s - ne gat ive n eoplasms and in part icular 

tho se o f  man . 
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APPEND I X  

M I SCELLANEOUS  MATER I ALS AND METHODS : 

S UPPL I ERS OF PRODUCTS 



M I S C E L L A N E O U S  M A T E R I A L S  A N D M E T H O D S  

ALSEVERS S O LU T I ON ( MOD I F IE D )  

Gluc o s e  

Sodi um c it ra t e  

C i t r i c  a c id 

NaC l  

2 0 . 5  gm 

8 .  0 gm 

0 . 5 5  gm 

4 . 2  gm 

Wat e r  t o  1 0 0 0 . 0  ml 

Adj u s t  pH to 6 . 1 .  

Steri l i s e  by aut o c l av i n g . 

ANTI B I OT I C S ( 1 0 0  X C ONCENTRATE ) 

Benzyl penic i l l in ( G laxo ) 

Streptomyc i n  s u l phat e ( G l axo ) 

Kanamyc in s ulphate ( S igma ) 

1 x 1 0
6 

un i t s  

1 . 0 gm 

1 . 0  gm 

PB S to 1 0 0 . 0  ml 

S t er i l i s e  by f i l trat io n . 

Add 1 ml o f  c on centrate t o  each 1 0 0  ml o f  med ium . 

ANTI B I O T I C -TRYP S I N - VERSENE ( ATV ) 

Tryp s in ( Di fco ) 

V er s e n e  ( EDTA ) 

NaCl 

KC l 

Dextro s e  

NaHC0 3 
P en i c i l l i n  

S t r e ptomy c in 

Phen o l  r e d  

Wat e r  

Steri l i s e  b y  f i l t ration . 

BUFFERS 

0 . 5 gm 

0 .  2 gm 

8 .  0 gm 

0 . 4 gm 

1 . 0  gm 

0 . 5 8 gm 

2 X 1 0
5 

unit s 

1 0 0  mg 

0 . 0 2 gm 

t o  1 0 0 0 . 0  ml 

0 . 5 M B icarbonat e B u f fer ( pH 9 . 0 ) 

So l u t i o n  A 

NaHC0 3 
Wat er 

0 . 8 4 gm 

t o  1 0 . 0  ml 



B i carbonate Buffer ( c o n tinu e d )  

So l u t i on B 

Na
2

c o 3 1 . 0 6 gm 

Wate r  t o  1 0 . 0  ml 

For buffer : 

O . lM 

For 

0 . 7 M 

S o lut ion A 

S o lut ion B 

Wat er 

Pho s phate Buffer 

So l u t i o n  A 

Na 2 HP0 4 
Water 

So l u t i o n  B 

NaH2 P o
4

. 2 H 2 0 

Wat e r  

buffe r : 

S olut ion A 

S o l ut io n  B 

Wat e r  

Pho sphate Buffer 

So l u t i o n  A 

Wat er 

So l u ti on B 

NaH 2 P o 4 . 2H 2 0 

Wat er 

For buffe r : 

S olution A 

S o lut ion B 

E LECTRON MI CRO S CO PY 

Lea d  C itrate S tain 

Lead c itrat e 

Wat er 

( pH 7 . 2 )  

t o  

t o  

(pH 5 . 8 )  

t o  

t o  

7 .  7 ml 

0 . 8 ml 

8 .  5 ml 

2 8 . 3 9 gm 

1 0 0 0 . 0  ml 

3 1 . 2 1 gm 

1 0 0 0 . 0  ml 

3 6 , 0  ml 

1 4 . 0  ml 

5 0 . 0  ml 

9 .  9 gm 

1 0 0 . 0  ml 

1 0 . 9  gm 

1 0 0 . 0  ml 

4 . 0  ml 

4 6 . 0  ml 

0 . 0 2  gm 

1 0 . 0  ml 

Add 0 . 1 ml o f  l ON NaOH to d i s solve . 

Mo d i f ie d  Karnovsky ' s  Fixat ive 

Paraforrnaldehyde 

Na
2

HP0
4

. 1 2 H
2

0 

2 . 0 gm 

2 . 5 1 gm 
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Modified Karnovsky ' s  F ixat ive ( c o n t i n u e d )  

0 . 4 1  gm 

Glutarald ehyde 
( 2 5 perc en t  solut io n ) 1 2 . 0  ml 

Wat e r  t o  1 0 0 . 0  ml 
0 

Heat paraformaldehyde on 8 0  ml o f  water t o  6 0  C .  

S lowly add l M  NaOH unt i l  milky s o lut ion c l ear s . 

Add buffer salt s , g lutarald ehyde and make up t o  1 0 0  ml 

with wat er . 

Store at 4 ° C .  

Uranyl Acetate Stain 

Add urany l acet at e  t o  5 0  perc ent ethano l unt i l  i t  

n o  longer d i s so lve s . 

Centrifuge to remo ve undi s so lved uranyl acetat e . 

Procedure s U s e d  in Preparat i o n  o f  T i s sue s 
3 

Tis sue i s  cut into cub e s  o f  approximat e ly 1 mm and 

c overed by Karnov sky ' f ixat ive for at least 4 hr at 4°C .  

After wa shing in O . lM pho s phate buffer , the t i s sue i s  

p o s t - fixed i n  1 percent O s o
4 

i n  O . lM pho sphate buffer for 

1 hr at room temp erature . A further wa sh in O . lM pho s phate 

buffer is fol l owe d by a brief r in s e in water . 

Dehydrat ion o f  f ixed t i s sue s i s  carried out l n  a 

series of alcoho l s  and propyl e ne oxide according to the 

following protoco l : . 

2 5  p ercent e thano l 1 5  mln 

5 0  perc ent ethan o l  1 5  mln 

7 5  percent ethano l with 
1 percent uranyl acetate 3 0  mln to 2 4  hr 

9 5  percent ethan o l  3 0  mln 

1 0 0  p ercent ethano l 3 0  m in 

5 0  pe rcent ethan o l /  
5 0  p ercent propylene ox i de 1 5  min 

1 0 0  percent p ropylene oxide 1 5  min 

T i s s ue in f i l trat ion is e ffe ct ed by 2 5  percent 

Durcupan-ACM ( Fluka ) in propylene oxide wh i ch is l e ft 

overni ght . The rema in in g  re s in i s  di s c arde d and replaced 
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with fre s h  re s in for 6 hr . The t i s sue i s  then placed into 

moul d s  w i th a furthe r vo lume o f  fresh re s in and po lyme r i s at ion 

effected at 6 0 ° C . for at l e a s t  4 8  hr . 



F ORMO L  SALINE 

FORMOL SUCRO SE 

Formal dehyde 
( 4 0  percent so lut i on ) 1 0 . 0  ml 

NaCl 

Wat e r  

Formal dehyde 

8 . 0 gm 

to 1 0 0 . 0  ml 

( 4 0  percent so lut ion ) 5 0 . 0  ml 

Sucro s e  

NaH 2 P o 4
. H 2 0 

Na 2 HP0 4 
Wat er 

3 7 . 5  gm 

2 . 0  gm 

3 . 2 5 gm 

4 5 0 . 0  ml 

HANKS BALANCED SALT S O LUT I ON WITH ANT I B I OT I C S  

So l u t i on A 

So l u tion 

NaCl 8 0 . 0  gm 

KCl 4 . 0  gm 

Mg S 0 4 . 7H 2 0 2 . 0 gm 

CaCl 2 ( anhydrous ) 1 . 4  gm 

Wat e r  t o  1 0 0 0 . 0  ml 

B 

Na 2 HP0 4 (anhydrous ) 0 .  6 gm 

KH 2 P o4 
Dex t ro s e  

Phe nol red 

Wat er 

0 . 6  gm 

1 0 . 0  gm 

0 . 2  gm 

to 1 0 0 0 . 0  ml 

For final s o lut ion : 

S o l ut io n  A 2 5 0 . 0  ml 

S o l ut ion B 2 5 0 . 0  ml 

Water 5 0 0 . 0  ml 
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Add 5 x 1 0
6 

un i t s  o f  penic i l l in and 5 gm o f  streptomyc in . 

Steri l i s e  by f i ltrat ion . 

H O LT ' S  S O LU T I O N  

Sucro s e  

G um arab ic 

Wate r  

3 0 . 0  gm 

l .  0 gm 

to 1 0 0 . 0  ml 



LAMB BONE MARROW 

Lamb s l e s s  than 3 we eks o f  age are euthanased and 

their long bones remove d , opened and the bone marrow 

f lushed out with P B S . The c o l l e ct e d  marrow i s  pre s sed 

through a 4 0  me sh stainle s s  s t e e l t i s sue s ieve . The ce l l s  

· are then washed 3 t ime s i n  1 5  m l  o f  P B S  b y  c entrifuging 

at 7 0 0  g for 10 mln . 

MEDIA 

Eagle ' s  Minimum E s s en t i a l  Medium ( MEM ) 

Eagle ' s  MEM powder 1 0 . 0  gm 

NaHC0 3 ( 4 . 4  percent s o lut ion ) 5 0 . 0  ml 

Wat er t o  1 0 0 0 . 0  ml 

Adj u s t  pH w ith lM NaOH o r  lM HCl . 

S t e r i l i s e  by f i ltrat io n . 

Add ant ib io t i c s  b e fore u se . 

Ham ' s  F l O  Medium 

Ham ' s  Fl O me d i um powder 
(with L - g l u t amine ) 9 . • 8 gm 

NaHC0 3 
1 . 2  gm 

Water t o  1 0 0 0 . 0  ml 

Adj u s t  pH w ith lM NaOH or lM HCl . 

S teril i s e  by filtrat io n . 

Add ant ib iot i c s  b e fo r e  u s e . 

Medium 1 9 9  

Medium 1 9 9  p owder 1 0 . 0  gm 

N-tris - (hydroxyme thyl ) methylglycine 
(tric i n e } 1 . 8  gm 

Wat er t o  1 0 0 0 . 0  ml 

Adj u s t  pH with lM Na OH or lM HCl . 

Steril i s e  by f i l trat ion . 

Add ant ib iotics  b e fore u s e . 

RPMI 1 6 4 0  Me dium 

RPMI 1 6 4 0  Me d ium powder 1 0 . 4  gm 

NaHC0 3 
2 . 0  gm 

Wate r  to 1 0 0 0 . 0  ml 

Adj u s t  pH with lM NaOH or lM HCl . 

Ster i l i s e  by f i l t rat io n . 

Add ant ib iot i c s  b e fore u s e . 
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Vogt ' s  Me d ium 

Ham ' s F l O  me dium 

Trypto s e  pho s phat e 
broth ( Difco ) 

8 0 . 0  ml 

1 0 . 0  ml 

NaHC0 3 
( 6 . 6  p ercent s o l u t ion ) 2 . 0 ml 

Add ant i b iot i c s  b e fore u s e . 

Waymouth ' s  Me d ium 

Waymouth ' s  MB 7 5 2 / 1  Med ium powder 
(with L-glutamin e )  1 4 . 1  gm 

NaH C 0
3 

Wat er 

2 . 2 4 gm 

to 1 0 0 0 . 0  ml 

Adj u s t  pH with lM NaOH or lM HCl . 

S t e r i l i s e  by f i l trat ion . 

Add ant ibiot i c s  be fore u s e . 

OVINE P LASMA FOR PLASMA C LOT EXPLANT CU LTURE S 

Each 7 ml o f  j ugular b l o o d  i s  col lected a s c e pt ical ly 

into 3 ml o f  Al sever ' s  s o lution . The b lood i s  c entri fuged 

at 1 5 0 0  g for 1 0  min and the p l a sma removed . 

For recon s t itution , 0 . 2 ml o f  2 percent CaC1 2 i s  

adde d t o  each 1 m l  o f  p l a sma , mixed and us ed be fore 

pla sma c o agulat e s . 

PHO S PHATE BUFFERE D  SALINE ( FB S ) 

NaCl 

KCl 

Na 2 HP0 4 
KH 2 Po 4 
Water 

Adj u s t  pH t o  7 . 2 - 7 . 4 , 

Steri l i s e  b y  auto claving . 

S C I N T I LLAT I ON F LU I D  

8 . 0 gm 

0 . 2 gm 

l . l 5  gm 

0 .  2 gm 

to 1 0 0 0 . 0  ml 

2 , 5 - diphenyloxazole  ( PPO } 2 0 . 0  gm 

1 , 4 -b i s ( 2 ( 4 -methyl - 5 -pheny l -oxazo lyl l }ben zene 

POPOP 1 0 0  mg 

Triton X- 1 0 0  1 5 0 0 . 0  ml 

To luene ( s cint i ll at ion grade ) 3 5 0 0 . 0  ml 
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S c int i l la t i o n  Fluid ( c o n t i n u e d )  

Add PPO , P O P O P  and t o luene . 

Mix overn i gh t . 

Add Triton X -1 0 0 and m1x for ano ther 3 hr . 

S EPHADE X G - 2 5 C O LUMN 
' 

For each 5 ml of column vo lume , 1 gm o f  Sephadex 

G - 2 5 l S  adde d  t o  0 . 1 5 M  saline conta ining 0 . 0 1 percent 

NaN 3 a s  a pre s e rvat ive . After the a1r i n  the mixture 
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l S  

removed by suct ion , the mixture 1s  a l l owe d t o  s tand for 

1 hr . The c o lumn i s  poured an d a l l owed t o  settle for 

at l e a s t  2 hr . 

S HEEP LIVER P OWDER 

She e p  l i ve rs are diced and washe d twice with 0 . 1 5 M  

sal ine p r i o r  t o  b e in g  homoge n i s e d . The homogenate 1 s  

m i x e d  with 4 vo lume s o f  acetone a n d  c e ntri fuged at room 

t emperature . The pre c ip itate i s  washe d  twice in acetone , 

f i l t ered o n  a Buchler funne l  and dri e d  at 3 7 °C .  The 

dried powder i s  then ground in a mortar , s ieved and 

stored at 4 ° C .  

TRYPAN B LUE S OLUTI ON 

Trypan blue 0 , 2  gm 

Pho sphate buffered saline 1 0 0 . 0  ml 

F i l t e r  t hrough filter paper � ·  

TRY P S I N  S O LU T I ON ( 0 . 2 5 PE RCENT ) 

Tryp s in ( D i fc o  1 : 2 5 0 )  2 . 5  gm 

Hank ' s  balanced s al t  s o lution 
t o  1 0 0 0 . 0  ml 

Pe n i c i l l in 2 x 1 0 5 
un it s 

S t re pt omyc in 1 0 0 mg 

Adj u s t  pH t o  7 . 6 with NaHC 0 3 s o lution ( 4 . 4  percent ) . 

S t e r i l i s e  by filtrat ion . 

TRYPTO S E  PHOS PHATE BROTH 

Trypto se pho sphate 
broth ( Difco l 2 9 . 5  gm 

Wat er to 1 0 0 0 . 0  ml 

S t e r i l i s e  by autoc laving . 
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'--

Marylan d , U . S . A .  
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Be ckman I n s trumen t s  Inc . , Ful l e rton , Cal ifornia , U . S . A .  

B uchl e r  I n s truments  Inc . , Fort Lee , N ew Jersey , U . S . A .  

Calbiochem Lt d ,  S an Diego , Cal i forn i a , U . S . A .  

Difco Laboratorie s , Detro it , Michigan , U . S . A .  

Dynat ech Laboratorie s Inc . , Ale xandria , Virginia , U . S . A .  

Falcon P l a s t i c s , Divi s io n  o f  B e cton , D ickinson and Co . ,  

Oxnard , Cal i fornia , U . S . A .  

Fenwal Laboratorie s ,  Deerfie l d , I l l ino i s , U . S . A .  

Flow Laboratorie s ,  Mc Lean , V irginia , U . S . A .  

Fluka Chemis che Fabrik , Buchs SG , Swit z erland . 

Glaxo Laborato r i e s  Ltd , Greenford , Eng land . 

Hyland Laboratorie s , Ebo s Dental and Surgical Supp l ie s , 

Chr i s t church , New Ze aland . 

Laborato ry S ervice s , Aucklan d , New Z e aland . 

New Engl and Nuc le ar , Bo ston , Ma s s achu s ett s ,  U . S . A .  

Nyegaard Co . ,  Torshov , O s lo , Norway . 

Pharmacia F ine Chemic a l s  AB , Upp s al a , Sweden . 

S i gma Chemical Co . ,  S t  Lou i s ,  M i s s ouri , U . S . A .  

S orval l , DuPont Instrument s ,  Newt�wn , Conne cticut , U . S . A .  

Rad i ochemical Centre , Amersham , England 

Wel lc ome Re s e arch Laboratorie s , Be ckenham , England . 

Whatman Lt d ,  Springfie l d  M i l l , Ma i d s tone , England . 
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