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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 . 



ACK N O W L E D G E M E N T S  

Thi s  t he s i s  repo rt s 4 years re s earch in the Departme nt 

o f  V eterinary Patho l o gy and Publ i c  Health at Mas sey 

U nivers ity . I t s  gen e s i s  and the res e arch it de scrib e s  have 

b e e n  po s s ib l e  only through the w i l l in g  invo lve me nt o f  

others . 

Foremo s t  are my supervisor s ,  Dr A . C .  Johnsto ne , Dr K . M .  

Mor iarty and Dr A . J .  Rob inso n who have each give n o f  the ir 

part icular expert i s e  a nd by do i n g  so have contribut e d  

imme n s e l y  t o  my ab i l ity t o  u nde rtake t h i s  pro ject . To them 

I w i l l  always be indebte d .  My tha nk s  are due to Pro f e s s or 

B . W .  Ma nkte l ow for p l acing the fu l l  r e s ourc e s  of his 

departme nt beh ind thi s re search , for h i s  personal i nt ere s t  

i n  my work a nd especially for h i s  ro l e  as mentor . A l l  

members o f  the department have contributed in the ir own way 

but I woul d in part icular l ik e  to thank Mrs L .  De nby , 

Ms L .  Je ffrey , Mis s S .  Mal loch , Mr s J .  S chrama , Mrs P .  S l ack , 

Mr A .  d e C l e ene , Mr R .  Fauld i ng a nd Mr P .  Wildbore for 

t e ch nical a s s i s tance . 

I wo u l d  l ike to tha nk the Heads and personnel o f  the 

var ious fac i l it ie s  an d departme nt s u s e d  in this study : 

Departme nt o f  Veterinary Clinical Sc ience s , Departme nt o f  

Phy s io logy a nd Anatomy, Library , Computer Un it , Photo graphic 

Unit , Sma l l  Animal Pro duct ion Unit and the E lectron 

Mi cro scope U nit of the D . S . I . R .  I n d ivi dual thank s  are due 

t o  Mr P .  Wh i tehead , Sheep Farms S uperv i s or , Mr T .  Law for 

pho t o graphic as s i s ta nce , and to Pro fe s s or R .  Munford and the 

l a t e  Dr R .  Harris for stat i s t i c a l  advice . 

I grat e fu l ly ack nowledge the veterinarians and meat 

i n s pectors at Longburn and F e i l d i n g  fre e z i ng works for the ir 

co l l e ct ion o f  spec ime ns , Dr R .  O l ive r  for his g ift o f  

BLV - FO S  ce l l s  and A s s o c iate Pro fe s sor A . R .  Bellamy for 

g e nerous ly a l l owing me to wo rk in h i s  laboratory to learn 

the deta i l s  o f  the RDDP a s s ay a nd for providing RSV-CEF c e l l s . 

Grat e fu l  thanks for the ma j or financial support o f  this 

pro j ect are due to the Central D i strict s Div i s io n  o f  the 

Can c er Soc iety of New Zealand a nd to the Ro s e  Catherine 

Hopkins Memorial Fel lowship for Cancer Re se arch . 

F i nal ly , I ne ed to thank Mrs M .  B irtle s for her 

pat ience i n  typ ing this the s i s , my frie nds and family for 



their und er s t anding and forb earan c e ,  but mo s t  o f  a l l  I 

woul d  thank my w i f e  Ro s elyn for her love , h er support 

and her w i l l i ng n es s  to share ln a l l  aspect s of my l i f e .  

Thi s  thes i s  i s  d edicat ed t o  h er and my par ent s .  

E RRATA 

2 2 
*p . 4 4 ,  l ine 3 4 : r =0 . 0 4 8 4  not r =0 . 4 8 4  

*p . 7 1 ,  l ine 3 3 :  d efective not d et ect ive 

*p . l l O , l i n e  3 2 : exogenou s  not endog enou s 

Vl 

*p . l l l , l in es 7 t o  9 :  r ead d eoxyribonuc l eoside tripho s phat es 

not r ibonuc l eo s ide tripho s phat es 

*p . l 3 0 , l in e  6 : 1 . 1 5 not 1 . 5  

*p . l 3 0 , l in e  1 0 : grad i ent s not grad inet s  

�·:p . l 3 2 , l in e  1 4 : wer e  not was 

i:p . l 9 0 , l in e  1 7 : a s eptical ly not a s c ept i cally 



T A B L E  O F  CO N T E N T S 

LI ST O F  TAB LE S  

Page 

viii 

LIST O F  F I GURES 

AB BRE V IATI O N S  U S E D  IN TEXT 

PREFACE 

S ECT I O N A 

T H E  I M M U N O L O G I CA L  CH A R ACT E R I S A T I O N 

O F  S P O RA D I C O V I N E L Y M P H O M A 

CHAPTER 1 :  Literature Review : Lymphocyte Ce l l  
Phe notyp ing and it s App l i cat ion t o  

Xl 

X lV 

XVl 

Lymphomas and Leukaemias 1 

CHAPT E R  2 :  The I dent i ficat ion o f  Ovine T and B 
Lymp hocyte s  3 6  

CHAPTER 3 :  The Immuno log ical Characte ri s at i o n  
o f  Sp orad ic Ov ine Lymphoma 5 9  

S ECT I O N B 

I N V E S T I G A T I O N S  I N T O  T H E  A S S OC I A T I O N  

O F  R E T R O V I R U S E S  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 

CHAPTER 1: Literature Review : Retroviru s - Lymphocyte 
Int e ract ion s : Targe t  Ce l l  S p e c i fi c it y , 
Mechan i sms o f  Tran s format ion and the 
Inhib it ion o f  Mitogenic Re spons ivene s s  
o f  Lympho cyte s 6 9  

CHAPTER 2 :  The Search for V irus in Sporadic Ovine 
Lymphomas and the ir Ce l l  Su s p en s io n  
Cu lture s Us ing Ele ctron Micro s copy 8 3  

CHAPT E R  3 :  Culture o f  C e l l s  from Sporadic Ov ine 
Lymphoma 9 1  

CHAPT E R  4 :  Att e mpt s at the Biochemical Det ect ion 
o f  a Retrovirus As sociat e d  with 
Spori6ic Ovine Lymphoma 1 0 3  

CHAPTE R 5 :  The Re spon se t o  Phytohaemagglut in in 
by Lympho cyt e s  from Lymphoma- i noculat e d , 
I n - co nt act Contro l and Popu lat ion 
Control She ep 1 3 6  

CONCLUDI N G  STATEME NT 

B I B L I O G RAPHY 

APPEN D I X  

1 4 5  

1 4 8 

1 8 5  



L I S T  O F  T A B L E S  

TAB LE 1 :  He t e ro geneity o f  marker s  on human 

Pa ge 

l vmpho c yt e s  4 

TAB LE 2 :  Phy s ical propert i e s  d i s t i ngu i shing human 
T and B lympho cyt e s  5 

·TAB LE 3 :  Cyt ochemi cal i dent i f icat i on o f  human T 
lymphocyt e s , B lymphocyt e s  and mo nocyt e s  6 

TAB LE 4 :  Spontaneous erythro cyte ro s e t t e s  formed 
w i th T lympho cyte s  o f  d i f ferent spe c i e s  8 

TAB LE 5 :  Compari son o f  three clas s i f i cat ions of  
human mal ignant lymphomas 2 0  

TAB LE 6 :  A mod i fi e d  Rappaport clas s i f ication 
o f  human ma l i gnant lymphomas 2 �  

TAB LE 7 :  Markers o f  acute lymphobla s t i c  leukaemia 2 5  

TAB LE 8 :  The perc entage s of normal she ep b lood 
lympho cyt e s  be aring var ious surfac e 
markers 4 5  

TAB LE 9 :  Nylon wo ol fract ionat ion o f  norma l she ep 
lympho cytes : the percent ages of unfrac t ­
ionat e d  and fract io nat e d  lympho cyte s 
expre s s ing e i the r T cell ant igens or 
sur face immuno g lobu l in 4 6  

TAB LE 1 0 :  The pe rcentage s o f  normal sheep me s e nt ­
e r i c  lymph node lympho cyt e s expre s s in g  
e ither T cell ant i gens or sur face 
immuno globulin 4 7  

TAB LE 1 1 : The percen�age s o f  normal she ep blood 
lympho cyt e s  expre s s ing T cell ant i gens 
and having alpha naphthy l acetate 
e s terase 4 9  

TAB LE 1 2 : Ny lon woo l  fract ionat ion o f  normal sheep 
lymphocyte s : the percent age s o f  unfract ­
ionat e d  and fract ionat e d  lympho cyt e s 
expre s s ing T c e l l  ant igens and having 
a l pha naphthyl acetate e s terase act ivity 5 1  

TAB LE 1 3 : Perco l l  d i s cont inuous grad ient frac t ion ­
at ion o f  normal sheep l ympho cyt e s : the 
percentage s of unfract ionate d  and fract ­
ionat e d  lympho cyt e s  expre s s ing e i ther 
T c e l l  ant igen s or surface immuno g lobu l in 5 2  



TAB LE 1 4 : Perco l l  d i s cont inuo u s  de ns ity gradient 
fract io nat ion of normal sheep lymphocyt e s : 
the percentage s o f  unfract ionat ed and 
fract ionat e d  lympho cyt e s bearing T c e l l  
ant ig e n s  and having alpha naphthyl 
acetate e s tera s e  act ivity 5 4  

TAB LE 1 5 : Immuno logical charac t er i s at ion o f  s poradic 
o vine lymphoma 6 2 

TAB LE 1 6 a : Re lat ionship o f  the immuno logical chara ­
cteri s at ion o f  o v ine lymphoma s to their 
patho anatomical c la s s i f ication 6 4  

TAB LE 1 6 b : Relat ionship o f  the immuno log ical chara ­
cter i s at ion o f  o vine lymphomas to the 
organ s invo lve d  6 4  

TAB LE 1 7 : Technique s for , and re sult s o f  ovlne 
lymphoma ce ll cultures 97 

TABLE 1 8 : Media , sera and c e l l s  u s e d  in mlcro ­
cult ure s for the s creen ing o f  the 
nutrient requirement s o f  ovin e  lymphoma 
c e l l  culture s �9 8 

TAB LE 1 9 : A s s ay for RNA-direct e d  DNA po lymerase 
activity in ovine lymphoma culture 
media 1 1 9  

TAB LE 2 0 : As says for RNA-d irected DNA po lyme ra se 
activit y  in ovine lymphoma culture 
media ��ing di fferent react ion conditions 
and Mg as the d ivalent cat ion 1 2 1  

TABLE 2 1 : RNA-d ire cted DNA po l ymera s e  activity 
of Ro us s arcoma v iru s and bovine leukaemia 
v irus u s ing di fferent a s say cond it ions 1 2 2 

TAB LE 2 2 : A s s ay s  for RNA-directed DNA po lymerase 
activity in ovine lymphoma homogenat e s  1 2 6  

TAB L E  2 3 : As say s  for RNA-directed DNA po lymeras e 
activity in me d i a  from o vine lymphoma 
f ibrob l a s t  c e l l  culture s 1 2 8  

TABLE 2 4 : As say s  for RNA - d ire cted DNA po lymerase 
act ivity in me d i a  f rom c e l l  culture s 
cocul ture d with o v ine lymphoma 1 2 9  

TABLE 2 5 : Mean responses t o  vario u s  concentrat ions 
of phytohaemagg lut in by lymphocyte s  from 
lymphoma - inoculat e d , in -contact contro l 

TAB LE 2 6 : 

and popu lat ion contro l shee p 1 39 

I ndividual re spon s e s  to phytohaemagglut in in 
at 1 0  � g  per ml by lympho cyt e s  from 
lymphoma - inoculat e d , in -contact contro l 
and population cont ro l she ep 1 4 0  



TAB LE 2 7 : Frequency diagram o f  opt imal re spo n s e  to 
phytohaemagg l ut i n i n  by l ymphocyt e s  from 
lymphoma - inoculate d ,  in -contact control 
and p o pulat ion control sheep 



F I GURE 1 :  

F IGURE 2 :  

F I GURE 3 :  

F I GURE 4 :  

F I GURE 5 :  

F I GURE 6 :  

F I GURE 7 :  

F I GURE 8 :  

F I GURE 9 :  

L I S T OF F I G U R E S  

Relationship betwe en lymphocyte pheno ­
type and the human l ymphomas and 

Page 

leukaemias 1 8  

A sequence o f  g e n e  expre s s ion for the 
lympho i d  l ineag e s  a s  sugg e s t e d  by the 
phenotype o f  l eukaemic c e l l s  1 8  

No rmal she ep blood l ympho cyt e s  with 
ANAE -po s it i ve ce l l s  showing focal or 
g ranular act i vity , and ANAE -negat i ve 
c e l l s  4 8  

Lymphoid f o l l i cle o f  a mes enteric 
lymph node from a she ep . The fol l i c ­
u lar cent re ce l l s  are pre dominantly 
ANAE �ne gat i ve and are surrounded by 
a cuff of ce l l s  that are ANAE -pos it i ve 4 8  

The paraco rt e x  o f  a me sente ri c  lymph 
node from a she ep . The parac o rtex 
shows a mixture o f  ANAE - po s it i ve and 
ANAE - ne gat i ve c e l l s  4 8  

The d i s t ribution o f  1 7  sporad ic o vlne 
lymphomas accord ing t o  the percentage s 
o f  c e l l s  bearing T c e l l  ant igens or 
s urface immuno globu l in 6 3  

V i ru s - l ike part i c le i n  the int e rce l lular 
s pace o f  the spleen from OLl 8 6  

V iru s - like part ic l e  in the int e rc e l lular 
s pace of  the s p l ee n  f rom OLl 8 6  

V i ru s - like part i cle with an e lectron den s e  
c entre f rom the s p l e en o f  O L l  8 7  

F IGURE 1 0 : V i ru s - l ike part i cle s and ve s i cular 
s t ructure s  a s so c iat e d  with c e l l s  f rom 
a suspens ion cu lture of O L 5  8 7  

F IGURE 1 1 : S che mat ic arrangeme nt o f  d i f ferent 
me dia / s e ra comb inat ions for the me d ia-
s c reen feede r- ce l l  microculture s  9 5  

FIGURE 1 2 : Small mo rula-l ike c lusters o f  ce l l s  2 4  
hours fol lowing the e s tab l i shment o f  
O Ll l  p lasma clot exp lant cultures 1 0 0  

F IGURE 13: Larger ce ll ular c l u s t e r s  s e veral day s 
a fter the e s tab l i shment o f  OLll pla sma 
c lot exp lant cul ture s 1 0 0  

F IGURE 1 4 : F ibrob l a s t - l ike ce l l s  ( O LF cel l s ) 
growing out of the lymphoma e xplan t s  
5 day s fol lowing the e stab l i shment 



F IG URE 1 4  (cont in ued} 
o f  0 1 1 1  p lasma clot e xp l ant culture s 1 0 0  

F I GURE 1 5 : The d i s tribut ion o f  radioact ivity in a 
1 5  t o  § 0 percent s ucro s e  dens ity gradient 
after H urid in e - labe l l e d  material from 
cu ltures of 0 1 1 6  was ·. centt;i fuge d at 
2 4 3 ;ooo g for 4 hours at 4 C 1 1 3  

F I GURE 1 6 : The d i s tr ibut i o n  o f  radioact ivity in a 
1 5  t o  § 0 p erce nt sucro s e  den s ity gradient 
after H uridi ne - lab e l l e d  material from 
culture s o f  0 1 1 9  was cent r i fuged at 

0 2 4 3 , 0 0 0  g for 1 5  hours at 4 C 1 1 3  

F I GURE 1 7 :  The d i s tribution o f  rad ioact ivity in a 
1 5  t o  � 0 percent sucro s e dens ity gradient 
after H uridin e - l ab e l l e d  Rous sarcoma 
v irus wa s centri fuged at 2 4 3 , 0 0 0  g for 
4 hours at 4 ° C 1 1 4  

F I GURE 1 8 : The d i stribut i o n  o f  rad ioact ivity in a 
1 5  t o  � 0 percent sucro s e  dens ity gradient 
after H uridin e -lab e l le d  bov ine leukaemia 
v iru s wa s cen tri fuge d at 2 4 3 , 0 0 0  g for 
4 hour s at 4 °

C 1 1 4  

F I GURE 1 9 : The d i s tribut i o n  o f  radio act ivity in a 
5 t o  2 9 percent sucro s e  den s ity gradient 
after H ur idine - labe l l e d  material from 
culture s o f  0 1 2 0  wa s treat e d  with sodium 
dodecy l sulphat e and centrifuged at 
2 4 3 , 0 0 0  g for 1 5 0  minut e s  at 2 0 °C 1 1 6  

F IGURE 2 0 : The di s tribut i o n  o f  rad ioact ivity in a 
5 t o  2 g percent sucro se de n s ity grad ient 
after H uridin e - l ab e l l e d  Rous r·sarcoma 
virus wa s treated with sod ium dodecyl 
s ulphat e and c e ntrifuee d  at 2 4 3 , 0 0 0  g 
for 1 5 0  minute s at 2 0  C .  1 1 6  

F I GURE 2 1 : The d i s tribut ion o f  radioact ivity in a 
1 5  t o  � 0 percen t  s uc ro s e  dens ity gradient 
a fter H urid in e - labe l l e d  mat erial from 
cultur e s  o f  normal me s e nt eric lymph node 
c e l l s was cent r i fuge d at 2 4 3 , 0 0 0  g for 
4 hours at 4 °C 1 1 7  

F IGURE 2 2 : The d i s tr ibut i o n  o f  radioactivity in 
dup l icate 1 5  to 2 0  p erce�t sucrose 
den s ity gradient s after H uridin e ­
l abe l l e d  material from homo ge n i sed 
ROK ce l l s  was ce ntri fuged at 2 4 3 , 0 0 0  
g for e i ther 4 hour s or 2 2  hours at 
4 °C 1 1 7  

F I GURE 2 3 : The k inet ics o f  incorporat ion o f  
3

H 
thymidine tripho s phat e  into acid­
p re cip itable material by Rous sarcoma 
v lrus i n  the RNA-d ire ct ed DNA po lymerase 
a s say 1 2  3 



FI GURE 2 4 : The k in et ics o f  i ncorporation o f  
3

H 
thymidine tr ipho sphate int o acid­
prec i p itable mat erial by bovine leukaemia 
v irus in the RNA - d ir ected DNA po lyme rase 
a s s ay 1 2 3  

F IGURE 2 5 : The kinet i c s  o f  incorporat ion o f  
3

H 
t hymi dine tripho s phate into acid­
precipitable mat erial by p reparat ion s  
from c ul ture s o f  O L 2 0 i n  the 
RNA- d ire cted DNA polymera s e  a s s ay 1 2 4  

FIGURE 2 6 : The kinet ics o f  incorporat ion of 
3

H 
t hymid ine t ripho s phate int o acid­
p re cip itable mat erial by preparat ions 
from cu lture s of normal lymph node c e l l s  
i n  the RNA-d ire c t e d  DNA po lyme ra se a s say 1 2 4  

FIGURE 2 7 : The d i s tribut ion o f  RNA-directed DNA 
p o lymera s e  act ivity o f  Rou s  s arcoma 
v iru s in a 1 5  to 6 0  percent sucro s e  
d e n s it y  gradient centrifuged a t  2 4 3 , 0 0 0  

0 
g for 4 hours at 4 C 1 2 5  

F IGURE 2 8 : The d i s t ribut ion o f  RNA- directed DNA 
p o lyme ras e act ivity o f  bovine leukaemia 
v iru s in a 1 5  t o  6 0  percent sucro s e  
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  

F I GURE 2 9 : S cat te rgram o f  indiv idual mean re s pon s e s  
t o  1 0  � g  phytohaemagg lut inin per m l  by 
lympho cyte s from lymphoma - inoculat e d , 
in -contact cont ro l and popu lat ion 

F I GURE 3 0 : 

control sheep 1 4 1  

Plot o f  relat ive frequencie s o f  opt imal 
re spon s e s  to phytohaemagg lut in in by 
lympho cyte s from lymphoma- ino culat e d , 
i n - contact contro l and population contro l 
sheep 1 4 1  
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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  
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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 ) . 




